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The purpose of this paper is to evaluate nutritional strategies that will increase the
concentration of the conjugated linoleic acid in milk to produce functional milk with regard to
health benefits in dairy cow. Conjugated linoleic acid isomers are naturel fatty acids in foods
obtained from ruminants.The main substrates for biohydrogenation are linoleic acid and
linolenic acid, an essential fatty acid. It has been identified 54 different conjugated linoleic
acid isomers that have beneficial biological activity. cis-9, trans-11 18:2 and trans-10, cis-
12 18: are most bioactive isomers of CLA. In milk fat, the cis-9, trans-11 conjugated linoleic
acid is found in major amounts more than trans-10, cis-12 conjugated linoleic acid.
Conjugated linoleic acid is first produced as an intermediate product during the
biohydrogention in the rumen of dietary linoleic acid and linolenic acid. Another major
pathway of conjugated linoleic acid synthesis in dairy cows is endogenous synthesis in the
mammary gland. Dietary cis-9, trans-11 conjugated linoleic acid is of great interest due to its
health benefits known to a cancer chemopreventive and antiatherogenic. Therefore, many
researchers have looked for ways of increasing the amount of conjugated linoleic acid in cow
milk. For this pupurpose, researchers have adopted two approaches. The first approach is to
make dietary changes to increased the natural conjugated linoleic acid production of cow. The
second approach is to feed with mixtures of conjugated linoleic acid isomers protected against
microbial biological hydrogenation in the rumen. As a result, as consumers continue to be
aware of the relationship between diet and health, increased conjugated linoleic acid level of
milk may provide new market opportunities for milk and milk products as functional food.

© 2019, Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction immune  function and  inflammatory
antihypertensive, antiatherosclerotic [3].
The term CLA refers to a group mixture of positional

and geometric isomers (cis, trans) of linoleic acid or

response,

Dairy products from ruminants are the most important
sources of nutrient quality protein, energy, minerals and

vitamins. Recent studies have shown that dairy products
have many bioactive compounds with associated health
effects for the consumer beyond simple nutrition [1]. The
Conjugated linoleic acid (CLA), which cannot be
synthesized by the human body, is mostly found in the
raw milk derived from cows. The discovery of a
“functional food” role for CLA occurred over the past
decade. CLA is considered an essential nutrient for
human. Therefore, this fatty acid, human can only obtain
from ruminant products [2]. Data from several studies in
both animal and human models suggest that CLA has
several the physiological properties such as
anticarcinogenic, antilipogenic, antidiabetic, modulate

* Corresponding author. Tel.: +90 362 312 1919; Fax: +90 362 457 69 22

linolenic acid that have conjugated double bonds. It has
been determined that great numbers of isomers of CLA
found in milk and meat products [4], but cis-9, trans-11
18:2 (c9, t11 CLA), also called rumenic acid, and trans-
10, cis-12 18:2 (t10, cl12 CLA) are most bioactive
isomers of CLA [5]. It reported that physiological effect
of ¢9, t11 CLA is principal anticarcinogenic, while t10,
cl2 CLA isomer is antidiabetic, antiobese and
anticarcinogenic [6].

A portion of CLA is produced uncompleted ruminal
biohydrogenation of linoleic acid and another portion

derives from A-9 desaturase on vaccenic acid (C18:1

trans-11) (occurs during biohydrogenation linoleic acid,
linolenic acid and oleic acid) within mammary gland and
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in the other body tissues [7,8]. McCrorie et al. [9]
demonstrated that the CLA contentent in milk fat ranged
from 2 to 37 mg/g fat due to breed, species, lactation
period, age, feeding strategy and the fatty acid
composition of diet [10]. However, among these factor,
diet plays central role on CLA composition in milk fat
[11].

In this review, dietary change to increased the natural
CLA production in dairy cows was be discussed here.

2. The Fatty Acids in Cow Milk Fat

Whole cow’s milk contents 3.2-4.7% fat depending on
particularly feeding strategies (generally increased with
increasing  fiber content) and lactation stage.
Approximately 98% of the total milk fat consist of
triglycerides. Other milk lipids include: diacylglycerides
(0.25-0.48%); monoacylglycerides (0.02-0.04%);
phospholipids  (0.6-1.0%); cholesterol  (0.2-0.4%);
glycolipids (0.006%); and FAs in milk (0.1-0.4%). Milk
fat contains saturated FA (SFA), monounsaturated FA
(MUFA), and polyunsaturated FA  (PUFA),
approximately 70% , 25 and 5, respecitively, but this can
be modified bu changing the animal diet [12]. PUFA
includes linolenic acid (C18:3 n-3) and rumenic acid
(C18:2 cis-9, trans-11). Milk MUFA consist mainly
of oleic acid (C18:1 cis-9) and also trans vaccenic
acid (C18:1 trans-11). Both rumenic and vaccenic acid
are trans-11 FA produced by rumen microorganisms.
There are approximately 400 different types of FA
[13].The milk FAs, which range from 4 to 20C chain
length, are derived from the feed and the microbial
biohydrogenation in the rumen. The FAs in ruminant
milk are synthesized either mammary gland (carbon
chains: <C15 and a portion of C16) from acetate and to a
lesser extent from PB-hydroxybutyrate or approximately
one half of the FAs (a portion of C16 and >C17) from
dietary lipids and adipose tissue reserves [14].

CLA, which is unsaturated FAs and constitute up to 5%
of all FAs [15]. Up to now, total of 54 different isomers
of CLA was identified [16]. Within this group, c9, t11
CLA and t10, c12 CLA are believed to be the most
common natural two isoforms of the group of CLAs [17].
It has been shown that CLAs are formed both during the
biohydrogenation of PUFA originated from the diet in the
rumen and mammary synthesis from vaccenic acid [18].
The c9, t11 CLA isomer is found in more abundant (72 to
94% of total CLA) than the t10, c12 CLA in milk and
meat products [19, 20].

3. The Fatty Acid Composition of Plants

Unlike short and medium-chain FA, long chain C18 FA
can not be endogenously synthesized by ruminants
desired in meat and milk. For this reason, these FA have
to be ingested by feed ruminant.

The main substrates for ruminal biohydrogenation is
C18 linoleic acid and linolenic acid. The lipids in the
ruminant feeds are mainly trigliserides as well as in lower
proportion phospholipids and galactolipids. The lipid
composition of forage is amply composed of glycolipids
and phospholipids, and the main FA is linolenic acid
which is unsaturated fatty acids, while seed oils is largely
triglycerides containing linoleic and [21]. It has been

shown that the lipid fraction ranged from 30-100 g kg
DM in the leaves of grasses and grasses. [22]. However,
the lipids present in plants are not static structures, but
are constantly expose to turnover due to the lipid
degradation in living plant by normally present lipases
[22].

As shown in Table 1 [23], the FA profile of lipids in
feeds is highly variable. Linolenic acid levels generally
depen on plant and environmental factors such as wilting
prior to ensiling, hay and haylage making, stage of
maturity and light intensity. The pre-wilting process of
ensiling causes about 40% reduction in total fatty acid
level, 40% loss even for linolenic acid. An ensiling
process and silage additives (formic acid) led to smaller
losses. In contrast, the use of hay and haylage reduced
total FA by 50% and 70%, respectively. [22]. It reported
that nitrogen fertilization was significantly increased of
palmitic acid (18%), linoleic acid (12%) and linolenic
acid (40%) in the herbage [24].

Many of the oils seeds are rich in linoleic, accounting
for 53 to 69% of total FA, and but its composition is
considerably variable. For example, in ground nuts, rape
seed and sesame seed: high in oleic acid; cotton seed,
soybeans and sunflower seeds: high in linoleic acid and
linseed: high in linolenic acid. Fish oil, the richest source
FA of 20 or 22 C, contains relatively low amounts of
linoleic and linolenic [25].

Table 1. Fatty acid content of common dairy cow feeds [25]

Oleic  Linoleic Linolenic ~ Other
Feed -fatty acid, % of total reported FAs-
Pasture
Grass 2.2 20.4 55.9 0.0
Clover 3.6 21.1 48.2 0.0
Grasstlegume 4.2 18.9 51.6 0.0
Silage
Grass 6.3 145 46.2 0.0
Corn 18.9 40.9 6.1 13.8
Hay alfalfa 4.9 18.1 235 25.0
Concentrates
Barley 20.5 43.3 4.3 1.9
Corn 30.9 47.8 2.3 0.0
Oats 38.1 34.9 2.1 0.5
Wheat 17.5 55.8 45 0.2
Byproduct
Gluten meal 26.7 53.0 14 0.0
Distillers grains  24.2 545 18 1.2
Plantseed/oils
Soybean 23.3 54.5 5.9 15
Extruded 19.5 53.2 9.1 0.0
soybean
Extruded 16.5 57.4 0.0 0.0
cottonseed
Sunflower 21.2 69.4 0.0 0.0
Peanut 51.5 30.2 0.0 2.8
Linseed 22.7 154 51.4 0.0
Fish oil 21.0 2.0 1.0 32.0
Animal tallow 45.9 5.9 0.3 0.0

4. Synthesis of CLA in the Dairy Cows

In the ruminal biohydrogenation of lipid, ruminal
bacteria are play a key role and the formation lipid in the
rumen occurs in two important step: The initial step is
lipolysis, relaesing free FAs with bacterial lipases of
dietary lipids entering the rumen [26]. Another step is
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biohydrogenation of FAs by rumen bacteria to produce
saturated [1]. The main substrates for biohydrogenation
are linoleic acid and linolenic acid. The first linoleic is
rapidly converted to c9, t11 CLA in the rumen, except for
linolenic acid, afterwards c9, t11 is converted to C18:1,
t11 wvaccenic acid during biohydrogenation process.
C18:1, t11 vaccenic acid is then reduced to stearic acid as
the end product. As for linolenic acid, this is transformed
to C18:2 t11, c15 after that C18:2 t11, c15 is converted to
C18:1, t11 vaccenic acid. Similarly, vaccenic acid is
reduced to stearic acid (Figure 1). Both linoleic acid and
linolenic acid are converted to vaccenic acid which is the
common intermediate product in the rumen during
biohydrogenation. Generated vaccenic acid is leaving the
rumen and is absorbed across the small intestine, and
incorporated into milk fat. In the mamary gland, vaccenic
acid is converted to cis-9, trans-11CLA by action of the
A-9 desaturase enzyme [27]. According to Corl et al.
[28], endogenously synthesized CLA in mammary gland
is about 78% of the CLA in milk fat. Therefore, the key
to increasing CLA concentration in milk is to increase
vaccenic acid production in the rumen [1].

RUMEN H UDDER
—eww linolenic acid % _ linolenic acid
f C18:3 ¢9¢cl2cl5 s C18:3 9cl2clS
1 H
: linoleic acid .'. linoleic acid
v C18:2 ¢9c12 s C18:2¢9c12
C18:2 t11cl5 1 :
H CLA 2y (LA
1 C18:2 c9t11 » CI18:2 c9t11
H H
- | Pt
1 H
Loaap Vaccenic acid et gVaccenic acid Oleic acid
C18:11t11 C18:1¢ll C18:1¢9
H
| : 1
Stearic acid —————g—————p  Stearic acid

cig:e C18:0

Figure 1. Simplified scheme of biohydrogenation and

desutaration pathways of C18 fatty acids in rumen and udder of
dairy cow [27]

5. The Feeding Regime to Increase the Content of
CLA in Milk

A number of of factors are known to affect the level of
milk fat CLA; these are presented in Table 2. However,
the dietary factors affecting the content of CLA in milk
could be grouped into two categories [29]. (a) The first
approach is to make dietary changes: the use of lipid
sources as pasture (rich in linoleic) and and vegetable
fats (rich in linoleic and linolenic acid). (b) The secund
approach is to feed with mixtures of CLA isomers in the
rumen protected. In Table 2 are shown the nutritional
factors that affect CLA amount in milk fat. Dietary
supplementation of plant oils (sunflower, soybean, corn,
canola, linseed, and peanut) have been shown to increase
CLA in milk fat due to give the greatest response plant
oils high in linoleic acid [31], and this response is a dose-
dependent.

In generally, ruminant diets no include the plant oils
because they has potentially toxic effects on rumen
microbial growth. To minimize this effect, Ca salts of the
FAs is added to diet so as to bypass from rumen and only
a small part are exposed to biohydrogenation. Plant oils,
which is unsaturated, have been found to increase CLA in

milk fat more than saturated animal fat due to the
available lipid substrate for biohydrogenation [30].

Table 2. Dietary factors that affect content of CLAs in milk

fat [18, 23, 30]

Dietary factor Content of CLA
I. Lipid substrate
Unsaturated  Increased
Plant oils  type, level and dose-dependent

High-oil plant seeds
Raw seeds

Processed seeds
Calcium salts of plant
oils

High-oil corn grain and
silage

Animal fat by-products
Fish oil

I1.Forage:concentrate
ratio

II1.High forage diet
VI.Nonstrustural
carbohydrate level
V.Low energ diets
VI.Pasture related

Pasture versus TMR

Fresh cut pasture
Fresh/Green

Pasture+ full fat extruted
soybean

Pasture+Soy oil
Pasture+Fish oil
Diversity in plant
species

Maturity of forage

Elevation of pasture
VII.CLA supplement

increase

No effect
Increased over raw seeds
Increased with increasing
amounts

Minimal effect

Minimal effect

Increased in relation to level
fed in the diet

Increased with high forage
diet

Increased

Minor effect

Probably positive

Increased with consumption
of pasture

Higher than conserved forages
Highly positive

No effect

No effect
Increased

Increased

Increased with less mature
forage
Highland>mountain>lowland
Dose-dependent increase

As another method, fat seeds are added to diet [21].
However, the result of researches have showed that
feeding full-fed seeds have not effect on the
concentration of CLA in milk fat due to unavialable by
rumen bacteria responsible for biohydrogenation of the
PUFA in these seeds [32].

Fish oils, containing mainly FA of 20 or 22 C as the
main FA, produced to a higher CLA than an evenly of
plant oils [22, 33]. A meta-analysis of comparison of
averages of dry matter intake (DMI), milk yield and
composition, and CLA in milk of different fat sources
and pressessing method suggested that the best strategy to
enrich milk with CLA were the combination of fish oil
and vegetable fats (395 mg of cis-9, trans-11CLA/I vs.
188 mg of cis-9, trans-11 CLA/I; increase of 2.1 times)
(Table 3) [34].

Data from several studies suggest that milk CLA
content significantly increased in dairy cows feeding with
processed seeds than feeding unprocessed seeds [33], but
for extruded seeds [37]. Recent evidence suggests that
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Table 3. The effectt on milk yield and composition of dietary ingredient [34]

Treatments
Fish
Fresh Fish Oil+Vegetable pP-

Control  Pasture  Rapeseed Corn Soybean  Sunflower Linseed Qil Fats SEM  Value
Total fatty acids,
g/kg DM 30.0d 25.9d 54.1ab 44.1bc  49.0ab 59.3a 55.2ab  37.1cd  45.5abc 1.78  <0.01
DMI, Kg/d 21.3ab 19.0 21.1 21.8 20.4 19.6 20.8 21.0 20.9 051 <0.01
Milk yield, Kg/kg 31.1a 27.0c 29.6ab 32.4a 30.6ab 28.8bc 29.2b 31.0ab 3l.4ab 0.87 <0.01
Fat, g/Kg 36.1a 38.0a 34.2ab 34.4ab  33.2b 33.6b 36.5a 322b  31.2b 00.63 <0.01
Fat yield, Kg/d 1.11c 0.94ab  1.04ab 113a  1.02ab 0.94b 1.07a 1.03ab 1.0lab 0.039 <0.01
cis-9,trans-
11CLA, 0.61c 1.13ab  0.83bc 0.84bc  1.00ab 1.04ab 0.90b 0.67bc 1.34a 0.044 <0.01
cis-9,trans-
11CLAg/d 5.67¢ 8.56abc  7.78bc 8.75ab  9.24ab 10.1ab 8.50bc 5.91c 12.4a 0.399 <0.01

Menas within a row differ with treatment (p<0.05)

extrusion of oil seeds (0.57 vs. 1.11 g of CLA/100 g of
FA) and oils (0.57 vs. 1.10 g of CLA/100 g of FA) are the
best processing method to increase milk CLA, and but
extruded seeds and oils decreased milk yield (30.4 vs.
28.9 kg/d) and milk fat (36.1 vs. 33.1 g/kg), respectively
[34].

In general, high consumption of pasture shows a higher
effect on CLA amount in milk fat compared with diets
rich in silage, hay, concentrate feeds [14] and total mixed
rations (TMR) based on conserved forage and grain [38].

Table 4. Feeding pasture versus total mixed ration
(TMR) on the level of CLA in milk fat [30]

TMR
mg CLA/g fat

Pasture

Research Location mg CLAq fat

Penn State 5.4 10.9

Wisconsin 5.6 22.7

A study at Penn State and Wisconsin demonstrated that
a two-fold and four-fold, respectively increase in CLA
with pasture (Table 4) [30]. Previous studies have
reported that grazing has contributed to the increase in
CLA due to probably enables selection of leafy plant
parts with higher lipid concentration.
This view is supported by Dhiman et al. [25] who writes
that milk CLA content of grazing animals presented
500% greater than animals with fed with 50:50
concentrate and conserved forage diet. Previous research
comparing total mixed ration (TMR), pasture + TMR and
pasture plus concentrate has found that feeding pasture
plus TMR and pasture plus concentrate were enhanced
the CLA [30]. Similarly, a recent study by Marin et al.
[39] observed that cows with more intensive grazing and

low levels of concentrate presented higher levels of CLA
and omega-3 fatty acids than cows with low grazing and
higher concentrate. Forage maturity is also a significant
impact on CLA content. Previous research has establish
that diets containing forage at less mature forage was
increased milk fat CLA compared to late-growth [40].

Dietary supplements of CLA can also increase the
CLA content. Chouinard et al [36] suggested that
supplements of CLA isomers to dairy cow diet, mainly
consisting of cis/trans 9, 11; cis/trans 10,12, and cis/trans
11,13, were transferred to milk fat. However, these
supplements also caused a reduction in the milk fat
content [14]. Therefore, it recommended that CLA
isomers are protected from ruminal biohidrogenation. In
other hand, as plant oils increased in diets, milk fat
tended to decrease, generally so called as milk fat
depression [21]. In a study on the effect of different fatty
acids on the CLA content of milk, cis-9, trans-11 CLA
was higher in diets rich in linoleic acid compared with
control and diets rich in linolenic acid, and lower in
control compared with other diets (Table5) [34].

6. Conclusion

Cows’ milk fat is the richest natural source of CLA,
which is produced in the rumen and mammary gland.
Milk fat is naturally included many isomers of CLA, but
9, t11 is predominant. Diet is a key factor that could be
enhanced CLA content in milk fat. Allowing dairy cows
to graze pasture, vegetable fats, dietary fish oil
supplementation, feeding the fat as a calcium salt and
encapsulation of the CLA isomers is the best strategy to
increase the CLA content in milk

Table 5. The Effect on milk yield and composition of different fatty acids. [34]

Treatments
Control OI?'C Lmo_lew Lmol_enlc SEM P-Value
acid acid acid
Total fatty acids, g/kg DM 28.8 52.6 50.1 50.3 2.03 <0.01
DMI, Kg/d 21.1 21.0 20.2 20.7 0.55 <0.01
Milk yield, Kg/kg 30.0 30.1 30.1 28.8 0.92 <0.01
Fat, g/Kg 36.3 34.4 33.9 36.8 00.64 <0.01
Fat yield, Kg/d 1.11 1.06 1.02 1.05 0.040 <0.01
cis-9,trans-11CLA, g/100g fatty acids 0.62 0.82 1.00 0.83 0.044 <0.01
cis-9,trans-11CLA,g/d 5.79 7.82 9.66 7.54 0.390 <0.01
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The objectives of the present work were to investigate and to model the convective hot air-drying
characteristics of carrot, zucchini and eggplant at different drying air temperatures (60, 70 and 80
°C). Drying characteristics were determined by the plot of moisture loss of samples versus
drying time in 10 min intervals for each drying air temperatures. The experimental moisture data
were then fitted to selected thin layer drying models available in the literature, namely
Henderson and Pabis, Newton and the two-term models and good agreements between
experimental and predicted values of moisture contents were observed (R2>0.98). Results
showed that all drying took place in falling rate period for all samples at all drying air
temperatures studied. Increase in drying air temperature from 60 °C to 80 °C resulted in a
decrease of total drying time 35%, 45% and 50% for carrot, zucchini and eggplant respectively.
Drying rate constants (a, b, k, ko and ki) increased with the increasing drying air temperature.
Comparison between experimental and predicted values of moisture content versus drying air
temperature indicated that the most suitable models for carrot, zucchini and eggplant drying were
two-term, Henderson and Pabis and Newton respectively at 60 °C, two-term, Henderson and
Pabis and Newton model at 70 °C and two-term, Henderson and Pabis and Newton model at 80

°C drying air temperature respectively.

© 2019, Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction

Turkey has a significant potential for fruit and
vegetable production and export. Proper climate
conditions along with other factors enable vegetable
production in almost all regions. Being non-homogenous
and porous in nature, fresh vegetables are highly
perishable due to high water content in their structure and
therefore long-term storage is impossible without being
processed for preservation [1]. In this case, preservation
technique plays an important role in terms of of
nutritional and economical losses. Removing the excess
water from structure of vegetables can be possible
through drying process.

Drying, for this matter, is one of the oldest preservation
methods that is used to preserve fruits and vegetables.
Drying is an important method to prolong the storage
period by lowering deteriorative quality changes of the
fruits and vegetables. Drying of foods requires high
energy input and energy share in industrial usage is
nearly 15% [2]. Drying, in terms of thermal processing,

* Corresponding author. Tel.: +90 344 300 2087

involves simultaneous mass and heat transfer and
therefore accuracy of spatial and temporal distribution of
temperature and moisture of food depends highly on
effective diffusivity [3].

During drying, the food is in contact with the
surrounding hot air and therefore its temperature
increases towards to dry bulb temperature as drying
proceeds. In the initial period of hot air drying, moisture
(un-bounded water) is transferred from the center of the
food to the surface by diffusion and surface evaporation
is observed while heat is transferred from the surface of
the food to the center mainly by conduction as
temperature of the food increases. Rate of moisture
transfer to surface compensates the rate of evaporation
from the surface and surface of food remains wet and wet
bulb temperature is observed until the critical moisture
level is reached. From this critical moisture point on,
surface starts to dry out, dry patches on the surface is
observed and temperature raises to dry bulb temperature

(4], [5].
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Water removal from food to be dried is based on
convective, conductive and radiative transfer of heat. In
convective drying, the required heat to remove water is
carried by a heated air. The hot air passes through the
food and exits from the drier continuously during the
process. Depending on the nature of the dried food
material, the use of this technique needs different
machinery and equipment. Cabin dryers, tunnel dryers,
fluid bed dryers and spray dryers constitute common
types of dryers used in air drying technique [6]. Air
temperature and air flow rate are an important parameters
in convectional hot air drying. Drying behavior of food
materials, drying costs and effects of drying parameters
on nutritional and sensorial properties of foods are better
determined by the use of empirical, semi-empirical and
theoritical mathematical models that originate from Fick's
law of diffusion and Fourier law [2].

In the literature, large number of studies investigating
the drying behavior of food products both experimentally
and numerically concentrate on the factors affecting
drying behavior of the food namely drying air
temperature, humidity, speed and pretreatment
application [7]. During the drying process of the foods,
thin layer drying models are frequently preferred with the
aim of determining the moisture content which varies
with time as seen in Table 1. Thin layer drying models
are models developed to explain the change in moisture
content over time during the drying of foods. The thin
layer drying models usually cover describing dying
process in agricultural materials fall into three categories
[8], namely theoretical, semi-theoretical and empirical
[9], [10] whereas theoretical models take into account
internal resistances to moisture transfer and external
influences between food and its environment are taken
into account in semi-theoretical and empirical models
[11]. The semi-theoretical models gave closer approaches
in describing drying curves than the theoretical models
and therefore were used more frequently in the literature.

There are many studies in the literature describing the
drying behavior of food both experimentally and
mathematically. Younis et.al. [12] studied garlic slices,
Rushan and Menges [13] potatoes, Rabha et.al. [14] bitter
pepper, Silva et.al. [15] banana, Aregbesola et.al. [16]
hazelnut, Hasan etal. [17] mushrooms, Alibas [18]
artichoke, Lee and Kim [19] onion slices and Kaya and
Aydin [20] experimentally investigated the behavior of
the apples.

The aim of this study to investigate and to model the
convective hot air drying characteristics of carrot,
zucchini and eggplant determined by the plot of moisture
loss of samples versus drying time at different drying air
temperatures (60 °C, 70 °C and 80 °C) and goodness of
the fit was compared with the regression coefficients (R?)
of mathematical models (Newton, Henderson and Pabis,
Two terms).

2. Materials and Methods
2.1 Material

In this study, carrot, zucchini and eggplant purchased
from local markets in Gaziantep were used as research

Table 1. Thin layer drying models used in food drying.

Model name Model Reference
Newton MR = exp(—kt) (21)
Page MR = exp(—ktn) (22)
Henderson and Pabis MR= aexp(—kt ) (23)
Logarithmic MR= a exp(-kt) +b (24)
Midilli MR=a exp(—ktn ) + bt (9,25)
Wang and Singh MR=1+ at + bt? (11)
Two Term MR=a exp(—kt) +bexp(—kit) (26)

material. The selected vegetables for drying experiments
were free of impurities and stored at the refrigerator
temperature (4 + 0.5 °C) until they were analyzed.

2.2.Method
2.2.1. Preparation of samples

The selected vegetables were cut into 0.5 cm x 0.5 cm x
0.5 cm cubes before drying and prepared in three
parallels for each drying experiment.

2.2.2. Drying experiments

In order to determine the effect of drying air
temperature on drying Kinetics, drying was carried out at
natural convective conditions using drying air
temperatures of 60°C, 70°C and 80 °C. To determine the
variations of moisture content of carrot, eggplant and
zucchini samples over time during drying experiments,
moisture losses in certain time periods were measured.
Drying process was carried out in laboratory type NUVE
brand FN 500 model drying oven at three different
temperatures (60, 70 and 80) °C and with three parallels
in natural convective conditions. During the drying
process the water losses of the samples were determined
with periods of 10 min. For this purpose, the samples
taken from the drying cabinet were weighed with an
accuracy of 0.0001 g on an AY-220 model analytical
precision scale of Shimadzu brand.

2.2.3. Determination of moisture content

The moisture contents of the samples prepared for the
determination of drying behavior during drying at
different temperatures under natural convective drying
conditions are calculated by Equation (1):

_ (m —KM) 1)
Me="xm
where:
M¢: the moisture content at anytime (g water / g dry
matter)
m: the weight of sample at the time of t (g)
KM: the amount of dry matter of sample.

2.2.4. Determination of the equilibrium moisture
content

In order to determine the equilibrium moisture content
of materials at the drying temperatures, the difference
between the two sample weighed was continued until the
difference was less than 0.01g. The equilibrium moisture
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content (M¢) was determined from the weight difference
where the difference between the weights is negligible.

2.2.5. Calculation of dimensionless moisture content

The dimensionless humidity ratio frequently used in
model equations and were given by Equation (2) [27] as
follows:

_ M, — M, 2
MR = AT

where:

MR: moisture ratio(dimentionless),

M:: the moisture content at anytime (g water / g dry
matter),

Me.: the moisture content at the equilibrium (g water / g
dry matter),

Mo: the initial moisture content (g water / g dry matter).

2.3. Modeling of Drying

Thin layer drying methods were used to explain drying
characteristics of fruits and vegetables and three semi
theoretical models namely Newton, Two-term,
Henderson and Pabis models were used for modelling of
the drying kinetics at different drying temperatures.

2.3.1.Newton model

Newton model, which is one of the most used models to
explain the drying kinetics of foods was given by
Equation (3) [28] as:

MR = exp(—kt) 3)
where:
k: drying constant (min),
t: drying time (min).

2.3.2. Henderson and Pabis model

Henderson and Pabis model was given in Equation (4)
[23] as:

MR = aexp(—kt) “)
where:
a: the coefficient of Henderson and Pabis model
(unitless),

k: drying constant (min-t),
t: drying time (min).

2.3.3.Two Term model

The two-term model equation was given in Equation (5)
as suggested by Babalis et.al. [26] as follows:

MR = aexp(—kgt) + bexp(—k; t) Q)

where:

ko and kq: Drying constant (min-1),

a: the coefficient of the two-term model (unitless),
b: the coefficient of the two-term model (unitless),
t: drying time (min) .

2.4.Mathematical Modeling of Drying Curves

In this study, experimental non-dimensional humidity-
drying time change data were used for modeling studies
by regression analysis methods. The experimental
dimensionless moisture content curves were applied to
the thin layer drying models given in Table 2.1 below and
the drying constants (K, ko, k1), model constants (a, b) and
regression  coefficients (R?) were determined by
regression analysis. Sigma Plot 10.0 was used for
regression analysis. The regression coefficient is the most
important parameter that determines model suitability
according to previous studies [29].

Table 2. Selected thin
experiments.

layer drying models for drying

Model Name Model Equation Reference

Newton MR = exp (-kt) [30].

Hendersonand MR = a exp (-kt) [23].

Pabis

Two Term MR=a.exp(ko.t)+b.exp  [26].
(-ku.t)

3. Result and Discussion

Convective hot air drying is a process of simultaneous

transfer of mass (moisture removal from the surface of
the food material being dried) and heat (from the hot air
to the surface of the food). Mass transfer is in the
direction from center of the food to surface meanwhile
heat is transferred from the surface of the food through
the center by conduction. Drying experiments is carried
on the determine optimum drying conditions for the
specific food and operation.
Convective hot air drying characteristics of selected
vegetables that are commonly used industrial food
materials in hot air drying of foods namely eggplant,
zucchini and carrot were studied for three different drying
air temperatures (60 °C, 70 °C and 80 °C) as used in
commercial driers. Convectional hot air drying were
conducted under natural convection conditions.

The results were expressed as the dimensionless
moisture ratio that was builded from the resulting weight
loss data. Plots from dimensionless moisture ratio to
drying time were indicated that all drying experiments
were proceeded in falling rate period and constant rate
period was not observed for carrot, eggplant and zucchini
samples. The total drying time for carrot, eggplant and
zucchini decreased by 35%, 50% and 45% respectively
when drying air temperature was increased from 60 °C to
80 °C. The drying times providing %50 reduction of the
dimensionless moisture ratio at three different drying air
temperatures studied were 150 min, 100 min, 90 min for
carrot samples, 50 min, 40 min, 30 min for eggplant
samples and 150, 80, min for zucchini samples,
respectively. It has been determined that the increase in
drying air temperature in all samples also resulted in an
increase in the evaporation rate of the water from the
surface of the vegetables as determined by moisture ratio,
shortened the drying time and time to reach equilibrium
moisture content was shorter as seen in Figure 1.
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Figure 1. Change in dimensionless moisture ratios of
carrot, eggplant and zucchini samples at different drying
air temperatures.

Thin layer drying models are frequently used is
the literature to design and optimize the hot air
drying of food materials. Although they are
empirical or semi-empirical in nature or consider
some neglegible changes in some model
parameters, these  models usually  show
considerably good  agreements  with  the
experimental data and fairly easy to use as
compared to the models originate from the laws of
thermodynamics. Therefore, experimental values of
drying experiments were then fitted into the
selected thin layer drying models from the literature
and the goodness of the fit were determined by
regression analyses of the selected models.
Regression analyses were performed by the
comparison between the experimental and predicted
data obtained from drying models. Regression
coefficients (R? and the drying rate constants
namely a, b, ki and ko were calculated as seen in
Table 3. Depending on the results, drying rate
constants were increased with increasing drying air
temperature.

Based on the data from regression analyses
Newton, Henderson and Pabis, Two Terms dryer
models were determined to be suitable in describing

experimental data of drying carrot, eggplant and
zucchini at different drying air temperatures in the
range of 60 to 80 °C. Comparisons of experimental
and predicted model curves of dimensionless
moisture ratio versus drying time at different drying
temperatures were given in Figure 2. Each of the
three thin layer drying models used was suitable for
describing the experimental data obtained at
different temperatures. R? regression coefficient
value is found high (R?>0,98) for each samples
dried at different temperatures.

4, Conclusion

In this experimental study, drying kinetics of
vegetables (eggplant, zucchini, carrot) were
investigated as a function of drying conditions. In
convective drying, which occurs at different
temperatures in the laboratory type dryer, drying
time is shortened as drying air temperature
increases for all samples. Different drying
behaviors were observed as respect to the drying air
temperature. Henderson and Pabis, Newton and the
two-term models were in good agreements between
experimental and predicted values of moisture
contents (R%>0.98). Results showed that all drying
took place in falling rate period for all samples at
all drying air temperatures studied. Increase in
drying air temperature from 60 to 80 °C resulted in
a decrease of total drying time 35%, 45% and 50%
for carrot, zucchini and eggplant respectively.
Drying rate constants (a, b, k, ko and ki) increased
with the increasing drying air temperature.
Comparison between experimental and predicted
values of moisture content versus drying air
temperature indicated that the most suitable models
for carrot, zucchini and eggplant drying were Two-
term, Henderson and Pabis and Newton
respectively at 60 °C, Two-term, Henderson and
Pabis and Newton model at 70 °C and Two-term,
Henderson and Pabis and Newton model at 80 °C
drying air temperature respectivelv.
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Table 3. The results of regression analyses of carrot,eggplant, zucchini samples at different drying air temperatures.

Drying Air Newton Two Terms Henderson and Pabis
Temperature
(°C)
Model R? Model R? Model R?
Coefficient Coefficients Coefficients
60 a=0.5255 a=1.0227
8.7879E- 0.9921 | ko=9.0265E- 0.9930 k=9.0266E- 0.9930
005 005 005
b=0.5021
k1=9.0266E-
005
= 70 a=0.5387 a=1,0430
E 0.0001 0.9918 | ko=0.0001 0.9936 k=0.0001 0.9936
o b=0.5042
k1=0.0001
80 0.0001 0.9875 | a=0.5234 1.0000 a=1.0600
ko=0.0001 k=0.0001 0.9912
b=0.5366
k1=0.0001
60 a=0.5062 a=1.0289
0.0003 0.9911 | k0=0.0003 1.000 k=0.0003 0.9921
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Figure 2. Comparisons of experimental and predicted thin layer model curves of carrot, eggplant and zucchini samples seen in
columns respectively at different drying air temperatures.
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ARTICLE INFO ABSTRACT

Article history: Coriander (Coriandrum sativum L.) is grown as a spice crop all over the World. Its essential oil is
Received 02 March 2018 used as a flavor ingredient, but it also has a long history as a traditional medicine. Coriander essential
Revised 25 December 2018 oil and extracts possess promising antibacterial, antifungal and anti-oxidative activities as various
Accepted 13 January 2019 chemical components in different parts of the plant, which thus play a great role in maintaining the
Keywords: shelf-life of foods by preventing their spoilage. This study was conducted to investigate the effects of
Coriandrum sativum L. different humic acid doses on some agronomical characteristics and essential oil ratio of coriander in
Essential oil ratio Yozgat ecological condition at Research and Application Area of Gedikhasanli, Faculty of
Humic acid Agriculture, Yozgat Bozok University during 2015-2016. Two coriander cultivars (Arslan and
Seed yield Gurbuz) and different humic acid doses (Dose-1: Control, Dose-2:100 L ha'l, Dose-3:200 L ha'%, and

Dose-4: 300 L hat) were used in the study. Spring and winter sowings were made on April 17, 2015
and on October 29, 2015, respectively. According the results of this study; the main values in plant
height, number of branches per plant, number of umbel per plant, number of seed per umbel, first
branch height, a thousand seed weight, biological yield, seed yield, stalk yield, harvest index,
essential oil ratio, and yield were recorded as 39-77 cm, 3-5 number, 5-17 number, 21-52 number,
15-23 cm, 8-16 g, 1000-5900 kg ha, 300-2300 kg ha*, 600-3700 kg ha, 30-75%, 0.2-0.5%, and
60-800 L hal, respectively. While values obtained from winter sowing are higher than sipring
sowing. The best results were obtained from cv. Arslan and 100-200 L ha* humic acid doses.

© 2019 Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction as coriander [3].

Coriander (Coriandrum sativum L.) is an essential oil
and spice plant cultivated throughout the world [1].
Coriander is belonging to the genus Coriandrum of the
Apiaceae family. The native land of cultivated coriander

plant is not fully known. However, it is cultivated in the of the seed are essential oil and fatty oil. The essential oil

Me(_jlterranean _countrles, Southw_est Asia and North ratio of mature and dried seed varies between 0.03% and
Adrica [2]. Coriandrum L. genus is represented by two 2.6%, while the fatty oil varies between 9.9% and 27.7%

species of flqra in Turkey. These are Coriandrum sativum [4]. Linalool (68%), a-pinene (11%), y-terpinene (9%),
L. and Coriandrum tordylium (Fenzl) Bornm. When geranylacetate (4%), camphor (3%), and geraniol (2%)

cLuItlvatlng dC.Zo_Itlhander, 2 éa”?t'ej of Cortl_andrulin satllvum are main components of the essential oil from coriander
- are used: 1hese are Loriandrum sativim L. VUIQare — seaqs 151 Linalool is used as a raw material in the

Alef. (_Iarge seededez(azrletles)”a nd go(;land_ru_m sa_ltl\l/(um L. advanced technical processing stages while the
var. microcarpum D.C. (small seeded varieties) is known commercial used oil is widely used by mixing sweet

Commercially used parts of the plant are fresh green
leaves, ripe dried fruits (or seeds) and essential oil from
these seeds. The use of coriander seeds relates to the
chemical composition. The most important components
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orange oil, cedar wood oil, terementi and anethol or anise
oil [6].

Humic substances are natural organic materials which
have colloidal properties in soils, lakes, rivers and waters
and are the most common distribution in nature [7]. Soil
humic substances play an important role directly and
indirectly in the development of plants [8]. Studies have
shown that humic acid has positive effects on plant
growth [9], it was observed that plant growth was
positive effect in low amount humic acid application
(0.6-60 pmm) and negative effect in high amount one
[10], also, humic acid increased plant dry weight, plant
phosphorus  concentration and useful phosphorus
concentration in the soil [11].

The aim of this study was investigate the effects of
spring and winter sowing times and the humic acid
applied at different times and doses on some agricultural
characteristics and essential oil content of coriander
(Coriandrum sativum L.), a medicinal and aromatic plant.

2. Material and Method
2.1 Material

In this study, Arslan (large seeded) and Gurbuz (small
seeded) coriander cultivars registered by the Ankara
University, Faculty of Agriculture, Field Crops Department
and humic acid with a commercial name of Phila-22 (Table
1) was used.

2.2 Method

The study was carried out in Application Area of
Gedikhasanli, Faculty of Agriculture, Yozgat Bozok
University during 2015-2016. In the experimental area,
total rainfall, mean relative humidity and temperature in
2015 and 2016 were recorded to be 554.2 mm and 421.5
mm, 64.45% and 63.16%, and 11.7 °C and 10.04 °C,
respectively. According to the results of soil taken from 0-
20 cm depth from the experiment area; the soil was loamy
(46.31%), poor in organic matter (1.47%), lime content was
low (4.04%), slightly alkaline (pH:7.67), phosphorus (P2Os)
content (58.3 kg ha) is low, but is rich in potassium (K,0)
(794.8 kg hat).

The cultivars used in this study were sown in 40 cm row
spacing and 3 m row length on April 17, 2015, in spring,
and October 29, 2015, in winter. Experiment was
established randomized complete design in split plot
arrangements with three replications by using two cultivars
as main plots and humic acid treatments (Dose-1: control,
Dose-2: 100 L ha, Dose-3: 200 L ha?, Dose-4: 300 L ha%)
as split plots (Figure 1). After germination of the sown
seeds, weed control and humic acid application were
performed as needed during the growing season. Humic
acid was diluted with water at a rate of 1/10 and the plants
which are about 10-15 cm high were given in the designed
doses and after each application, the soil was mixed by
hoeing. Harvest was made by hand on August 15, 2015 in

spring sowing and on July 27, 2016 in winter sowing. In
harvested plants, plant height (cm), first branch height (cm),
number of branches per plant, number of umbrellas per
plant, number of seeds per umbrella , a thousand seed
weight (g), seed yield (kg ha?), stem yield (kg ha?),
biological yield (kg ha), harvest index (%), essential oil
ratio (%) and essential oil yield (L ha™) were determined.

100 g of seed was ground from each parcel and 500 mL
of water was added. The distillation was carried out using a
Clevenger apparatus for 3h to determine the essential oil
content (w/w).

The differences between the averages of the characters
examined in the statistical evaluation of the results were
grouped according to the Duncan test. SPSS 23 package
program was used for statistical analysis.

Table 1. Commercial humic acid content used in the experiment

Content WIW

Total Organic Matter (%) 36

Total Nitrogen (N) (%) 15
Organic Nitrogen (%) 1
Total Humic + Fulvic Acid (%) 22
Water Soluble Potassium Oxide 4

(K20) (%)
pH 4-6

3. Results and Discussion

According to research findings (Table 2); plant height
was found to be between 39.40 cm (cv. Arslan, Dose-3,
spring sowing) and 77.00 cm (cv. Gurbuz, Dose-2, winter
sowing) and the plants grown in winter sowing were longer
than those grown in spring sowing. When previous studies
were examined, plant height ranged from 37.75 cm to 120
cm [12-14]. In our study, the number of branches per plant
was higher in winter sowing than spring sowing. The
average number of branches per plant varied from 3 to 5. It
has been stated that cultural factors such as sowing time,
fertilization, irrigation and climatic factors and genetic
characteristics have been effective on the number of
branches per plant [13-15].

The number of umbrella per plant was between 5.13 (cv.
Gurbuz, Dose-2, in spring sowing) - 16.33 (cv. Arslan,
Dose-3, winter sowing) and the number of umbrella in
winter sowing was higher than that of spring sowing. The
number of seeds in the umbrella was 21.33 (cv. Arslan,
Dose-3, spring sowing) and 51.33 (cv. Arslan, Dose-3,
winter sowing). In the studies carried out, the number of
umbrella per plant was found between 5 and100, and it was
changed according to ecological factors and cultural
processes applied [13-18]. The number of seeds in the
umbrella was determined between 15 and 22.85 seeds in
previous studies. In our study, the value from the winter
sowing was higher than ones from the other studies, but it
has values close to the average in spring sowing [15, 17, 19].
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Table 2. Performance of coriander cultivars (Arslan and Gurbuz)
Humic Plant height (cm) Number of branches per plant (number)
S(fsigs Winter Sowing Spring Sowing Winter Sowing Spring Sowing
(L ha?) Arslan  Gurbuz Mean Arslan  Gurbuz Mean Arslan  Gurbuz Mean Arslan  Gurbuz Mean
Control 64.33 76.33 70.33 43.33 45.80 44.55 433 3.67 4.00 3.20 3.60 3.40
100 68.33 77.00 72.66 41.87 42.07 41.97 3.50 5.00 4.25 3.53 3.33 343
200 73.00 63.67 68.30 39.40 48.67 44.05 4.67 4.00 4.33 3.40 3.73 3.56
300 71.67 66.00 68.83 43.87 43.13 43.50 5.00 4.67 483 3.60 3.83 3.75
Mean 69.33 70.75 70.03 42.15 44.95 43.51 4.29 433 4.35 3.45 3.65 3.55
Humic Number of seeds per umbrella (number) Biological yield (kg ha*)
S(fsigs Winter Sowing Spring Sowing Winter Sowing Spring Sowing
(L ha?) Arslan  Gurbuz Mean Arslan  Gurbuz Mean Arslan  Gurbuz Mean Arslan  Gurbuz Mean
Control 51.33 41.33 46.33 22.00 26.33 24.15 3979.7 47703 43750 11267 1526.2 13265
100 45.66 46.00 45.83 23.33 24.67 24.00 4133.0 508.0.2 460.6.6 1069.3 1183.8 1126.5
200 51.33 45.66 50.00 21.33 23.67 22.50 43120 41757 42438 10029 14843  1246.8
300 44.33 41.33 42.83 23.67 23.33 23.50 5872.0 32653  456.8.6 1263.6 1205.3 1234.4
Mean 48.16 43.58 46.24 22.55 24.50 23.55 45741 43228 44485 11155 1349.9 12335
Humic Stem yield (kg ha?) First branch height (cm)
S(fsigs Winter Sowing Spring Sowing Winter Sowing Spring Sowing
(L ha?) Arslan  Gurbuz Mean Arslan  Gurbuz Mean Arslan  Gurbuz Mean Arslan  Gurbuz Mean
Control 23403 3226.3  2783.3 696.7 1154.3 925.5 22.33 16.00 19.16% 17.00 15.00 16.00
100 24089 34965  2952.7 678.7 843.6 761.5 15.67 20.00 17.832 14.13 19.00 16.55
200 27289 2896.3 28126 690.3 1107.7 899.0 12.33 13.67 13.00° 13.00 18.07 15.55
300 3628.3 21723  2900.3 864.3 896.3 880.3 16.00 15.00 15.50% 16.73 17.67 17.20
Mean 2776.6 29478  2862.2 7325 1000.5 866.5 16.58 16.16 16.37 15.25 17.45 16.35
Humic Number of umbrellas per plant (numbers) Seed yield (kg hal)
S(fsigs Winter Sowing Spring Sowing Winter Sowing Spring Sowing
(L ha) Arslan  Gurbuz Mean Arslan  Gurbuz Mean Arslan  Gurbuz Mean Arslan  Gurbuz Mean
Control 16.00 8.67 12.33 5.93 6.13 6.03 1639.7  1543.6 1591.6 430.5 381.9 406.2
100 15.00 13.67 14.33 5.93 5.13 5.53 1739.0  1595.3 1667.1 391.3 340.7 366.0
200 16.33 11.00 13.66 6.93 6.53 6.73 1583.0 1279.0 1431.0 312.7 378.3 345.5
300 15.67 13.66 14.66 6.60 6.13 6.35 22433  1093.0 1668.1 399.7 309.0 3545
Mean 15.75 11.75 13.74 6.35 5.98 6.16 1801.2 1377.7 1589.4 383.5 352.5 368.5
Humic Harvest index (%) A thousand seed weight (g)
S‘gsigs Winter Sowing Spring Sowing Winter Sowing Spring Sowing
(L ha) Arslan  Gurbuz Mean Arslan  Gurbuz Mean Arslan  Gurbuz Mean Arslan  Gurbuz Mean
Control 41.68 32.77 37.22 74.03 62.07 68.05 14.45 9.02 11.73 14.57 9.07 11.82
100 41.94 31.13 36.53 70.57 65.43 68.00 12.93 8.90 10.91 14.93 10.13 12.53
200 38.29 30.03 34.16 68.95 61.97 65.46 13.17 9.03 11.10 14.37 9.87 12.12
300 38.50 32.57 35.53 67.07 64.72 65.85 13.89 8.94 11.40 15.04 10.17 12.65
Mean 40.10°  31.62° 35.86 70.15 63.55 66.84 13.61° 8.97° 11.28 14.752 9.81° 12.28
Humic Essential oil ratio (%) Essential oil yield (L ha)
S()Csigs Winter Sowing Spring Sowing Winter Sowing Spring Sowing
(L ha?) Arslan  Gurbuz Mean Arslan  Gurbuz Mean Arslan  Gurbuz Mean Arslan  Gurbuz Mean
Control 0.40 0.33 0.36 0.24 0.18 0.21° 647.3 511.3 579.3 98.7 69.7 84.2
100 0.43 0.38 0.41 0.26 0.20 0.23% 720.3 593.4 659.8 96.7 62.7 79.7
200 0.43 0.33 0.38 0.28 0.23 0.252 650.7 468.3 559.5 78.3 79.8 79.5
300 0.36 0.44 0.40 0.30 0.23 0.262 778.8 500.7 639.7 106.7 63.8 85.5
Mean 0.40 0.37 0.38 0.25 0.21 0.25 69.9.2 518.4 609.5 95.1 69.0 82.1

" The difference between the meanings indicated in different letters in the same column is statistically significant.
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| The seeds of cultivars used in this study
| cv. Gurbuz in the left and cv. Arslan in
| the right.

The trial design

Arslau Gurbnz Ardlan Gurbaz
1 [ D2 | Ds | D4 ml:). D3 | D1 L

Winter sowing

The cultivars (Arslan and Gurbuz) in main. parcels and doses (D1, D2. D3 and D) in sub-parcels were placed

The application of humic acid I

s Th‘éplan{s' "th

Statistical analysis ofall obtained data with SPSS

\

| Plant height (cm).
First branch height (cm),
Branches per plant (number).
{ Umbrellas per plant (number),
i Seeds per umbrella (number),
¢ A thousand seed v;leight (2).
Seed yield (kg ha 2
I Stem yield (kg ha )
Biological yield (kg ha ) and
Harvest index (%)

Determination of
essential oil using
Clevenger apparatus in
the seeds.

The measurement
in the harvested
plants

Harvest and threshing when
the seeds ripen

Figure 1. Schematic presentation of the all applications in this study.

The biological yield values obtained from two different
cultivars were between 1002.9 kg ha® (cv. Arslan, Dose-3,
spring sowing) — 5872.0 kg ha* (cv. Arslan, Dose-4, winter
sowing) and the biological yield of winter sowing was
higher than that of spring sowing. Our findings obtained
from this study are similar to those reported by [5, 13, 15-
17, 20]. Seed yield was recorded between 309.0 kg ha™ (cv.
Gurbuz, Dose-4, spring sowing) and 2243.3 kg ha? (cv.
Avrslan, Dose-4, winter sowing). The values obtained from
our study were in agreement with those obtained from other
studies (450.8-3591.3 kg ha) [5, 12-14, 2, 22]. The stalk
yield values obtained from coriander varieties were found at
678.7 kg ha* (cv. Arslan, Dose-2, spring sowing) — 3628.3
kg hal (cv. Arslan, Dose-4, winter sowing). The first
branch height was between 13.00 cm (cv. Arslan, Dose-3,
spring sowing) - 22.33 ¢cm (cv. Arslan, Dose-1, winter
sowing). In our study, the first branch height was found
higher in winter and spring sowings than the other studies
[23]. In our study, the harvest index was between 30.03%
(cv. Gurbuz, Dose-3, winter sowing) and 74.03% (cv.

Gurbuz, Dose-1, spring sowing), many researchers found
similar findings with the harvest index (8.6%-117.54%) of
coriander [13, 15, 17, 23]. A thousand seed weight were
obtained between 8.90 g (cv. Gurbuz, Dose-2, winter
sowing) - 15.04 g (cv. Arslan, Dose-4, spring sowing). In
the previous studies conducted, the lowest one thousand
seed weight was determined as 5.03 g and the maximum
value was determined as 19.88 g [12-20, 22, 24, 25].

In our study, essential oil ratio obtained from mature seed
and essential oil yield were respectively; 0.18% (cv. Gurbuz,
Dose-1, spring sowing) - 0.43% (cv. Arslan, Dose-2 and
Dose-3, winter sowing); 62.7 L ha® (cv. Gurbuz, Dose-2,
spring sowing) — 778.8 L ha* (cv. Arslan, Dose-4, winter
sowing). In different studies, the essential oil ratio of coriander
seeds were reported as 0.27-0.60% by Gok [19], 0.26-0.36%
by Tungctiirk [25], 0.35% by Bahadirl et al. [26], 0.32-0.71%
by Yal¢m [27], and 0.23-0.39% by Beyzi and Giines [28].
Generally, findings related essential oil ratio were found
within these limits with many studies (0.18%-0.77%) [5,
12-16, 18, 22, 24, 25, 29, 30]. According to other studies,
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essential oil yield was recorded as 0.61 L ha' and the
highest was 16.5 L ha*. In our study, the essential oil yield
of the mature seed was higher in winter and summer
sowings than in other studies [12, 15, 18, 19, 21, 24, 31].
According to our study, four humic acid doses applied
showed statistically significant effects on the first branch
height and the essential oil ratio. Dose-2 and Dose-3 for the
essential oil ratio and Dose-1 and Dose-2 for the first
branch height showed the highest effect. Soil humic
substances play an important direct and indirect role in the
development of plants. Indirect effects are the uptake of
water-soluble forms by water retention, drainage, aeration,
and formation of chelating compounds or metallic-
hydroxides with metallic ions. Direct effects in plants are
promoting root development of the plant and the
metabolism of nutrient elements absorbed by plants [32].
For the positive effects of humic acid to occur, it has to be
applied to the same field for several years [33]. Due to the
fact that the study was carried out for a single year, no
significant effect of humic acid on the investigated
properties was observed. According to our findings, the
yield of winter sowing was higher than that of spring
sowing. The reason for this is that the vegetation during in
winter sowing is longer, the root structure of the plant is
better developed and there are more favorable
environmental conditions for plant growth. At the same
time it is known that the genotype has a great effect on the
yield and yield components obtained from the plants.

3. Conclusion

Soil humic substances play an important role (water
retention, drainage, solubility of some nutrients,
encouraging plant root growth etc.) in the development of
plants. It must be applied to the same soil for several years
in order to reveal these effects of humic acids. Due to the
fact that our study was only single year, humic acid had no
significant effect on the properties examined. According to
the findings of this study, it was observed that winter
sowing has more yield than spring sowing. This is due to
the fact that winter sowing has a longer vegetation period,
better development of the plant root structure and more
favorable environmental conditions for plant growth. It is
also known that genotype has a great effect on yield and
yield components obtained from plants. Arslan and Gurbuz
cultivars were sown in spring and winter in Yozgat
ecological conditions, and the highest seed yield, essential
oil ratio and essential oil yield were obtained from the
winter sowing of the cv. Arslan. For Yozgat and similar
ecologies, we can recommended the winter sowing of cv.
Arslan and doses of 100-200 L ha-1 of humic acid
containing 36% of total organic matter, 1.5% of total
nitrogen (N), 1% of organic nitrogen, 22% of total humic
and fulvic acid, water soluble Potassium Oxide (K20)
value with 4% and pH 4-6.
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New and improved genetic engineered variants of fluorescent proteins (FPs) have become useful
tools for bioimaging in biomedical researches. Red fluorescent proteins (RFPs) first derived
from the sea anemone Discosoma show high performance in vivo labeling and imaging. mCherry
is a member of RFPs which has very high photostability, resistant to photo bleaching and rapid
maturation. These advantages ensure that mCherry can be successfully fused to many proteins
and widely used for quantitative imaging techniques. In this study, the constructed recombinant
plasmid pBADCherry was expressed in Escherichia coli BL21(Al) then culture conditions,
inducer concentration and induction time were optimized. Results of sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) analysis demonstrated that 5 hours induction at
0.04% of arabinose concentration was optimal for the highest mCherry yield. The expression of
hexa histidine-tagged (6xHis) recombinant mCherry was induced by arabinose and purification
performed using nickel (Ni%*) affinity chromatography. High throughput expression of 81 mg

fluorescent protein from a liter of E. coli culture carried out in bioreactor.

© 2019 Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction

The story of fluorescent proteins began with discover
of green fluorescent protein (GFP) from the
bioluminescent jellyfish Aequorea victoria [1]. After
cloning of GFP and demonstration applications in living
cells it has become an important tool for fluorescent
labeling in molecular and cell biology [2]. GFP and its
variants in different colors have developed into a unique
tool for visualization of living cells and organisms.
Fluorescent proteins (FPs) are used in a variety of
applications for structural studies especially in labeling of
proteins, nucleic acids, organelles and organisms. On
other respects functional studies such as protein-protein
interactions, development of biosensors, production of
reactive oxygen species (ROS), drug screening can be
carried out using FPs. Mutagenesis studies on production
of new versions FPs have led to improve properties of

* Corresponding author. Tel.: +0356 252 16 16 (2839)

these proteins as brightness, photostability, maturation
rate, oligomerization and performance in fusion labeling
[3].

Since discovery of original GFP from jellyfish the
broad range of FPs characterized from other organisms
(e.g. hydrozoans, corals, anemones) that emit in the
yellow-orange to far-red regions of the visible light
spectrum [4-6]. Fluorescent proteins with red, orange and
far-red emitting fluorescence are assessable quality for
multicolor imaging experiments. These proteins have
been isolated mostly from corals of class Anthozoa and
have longer excitation wavelengths that give advantages
for lower phototoxicity and deeper penetration in tissue.

Oligomerization, non-specific localization, interactions
with undesired proteins and aggregation are main
restrictive results for fusion applications of oligomeric
FPs. Non-Aequorea FPs are not naturally monomeric,
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they have mostly dimeric or tetramer structure in nature
and are not suitable intracellular expression and labeling.
Artificial monomerization of these proteins has resulted
decrease in performance so hydrophobic surfaces
engineered monomeric FPs has been interested recently
[7-9].

The first monomeric red fluorescent protein mRFP1
derived from the Indo-Pacific sea anemone, Discosoma
sp. tetrameric red fluorescent protein, DsRed (Figure 1)
has limitations including brightness, chromophore
maturation and fast photo bleaching [10,11]. Direct
mutagenesis targeting chromophore residues has yielded
a series of mRFP1 known as ‘mFruits’. mCherry is the
best red member in mFruit family which has brightness
level is ~75% of EGFP, respectively. mCherry is a 28.8
kDa monomer with 256 amino acids and derived from
DsRed. The protein exhibits emitting light in the range of
wavelength 610 nm that makes it suitable for multiple
labeling. It gives results in a short time during imaging
experiments due to the rapid maturation period after
transcription. High photostability and other advantages
make mCherry presently the most widely used
monomeric RFP [11,12].

Recent studies reported that the araBAD promoter
system in Escherichia coli (E. coli) performs to
manipulate the yield of desired protein induced by L-
arabinose added in culture medium [13-16]. The araBAD
promoter enables to manipulate of the transcriptional
rates of the soluble recombinant protein expression levels
[17,18].

5 o/
a) Tetrameric DsRed

b) Monomeric mCherry

Figure 1. Structure of wild-type tetrameric RFP, DsRed (a) and
monomeric RFP, mCherry (b) [9].

Expression systems based on araBAD promoter
(Parasap) use for control of expression in E. coli which
can be induced by external inducer [19]. pBAD system
has been designed for high level expression of interested
gene(s) that can be induced by arabinose [20,21]. pBAD
offers tightly regulated expression resulted in high
protein yields, dose-dependent induction for modulating
expression levels and optimization of soluble protein
expression [14] Besides expression under an effective
promoter, cultivation of recombinant E. coli cells in
bioreactor gives the yield in high level with maximum

cell productivity [22,23].

In this study, we investigated the use of pBAD
promoter system to express of red fluorescent protein
mCherry. We optimized the inducer concentration and
induction time to maximize expression level. The
performance for the highest productivity studied in
bioreactor. Besides the yield of recombinant mCherry had
been purified and characterized. This method provides
rapid, practical, cost-effective and high efficient
production of soluble mCherry that can be used for
further biomedical researches.

2. Material and Method
2.1. Recombinant mCherry vector backbone

The backbone of the mCherry plasmid was pBAD
expression system and had ampicillin resistance gene
(bla). pPBADCherry was a gift from Michael Davidson &
Roger Tsien (Addgene plasmid #54630). The mCherry
coding sequence was cloned into N-terminal backbone
with a hexa histidine-tag is shown in Figure 2. The
pBADCherry vector contains 708 nucleotides that
encoded insert mCherry was transformed into competent
E. coli DH5a. The transformed cells were grown
overnight at 37°C in LB plates containing 100 pg/mL
ampicillin. Plasmid purification from 5 mL LB culture
performed using EZ-10 Spin Column Plasmid DNA
Miniprep Kit (Biobasic).

7 tag (gene 10 leader)
butis

araBAD promoter AmpR

_: +1m — ori .'—

&
ot

pBADCherry
4834 bp

apdwe

AmpR
P araBAD promoter

6xHis

Figure 2. The construction of the pBADCherry plasmid

2.2. Expression of mCherry

High efficiency chemically competent E. coli BL21
(Al) cells transformed with recombinant plasmid
pBADCherry by heat shock. LB agar containing
ampicillin (100 pg/ml) was utilized as a selective medium
for transformants of E. coli cells. A single colony from
the agar was inoculated into 5 mL LB and cultured at
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37°C and 200 rpm overnight in shaking incubator.
Glycerol stocks of the transformed cells were made by
mixing 1:1 ratio of the overnight culture with 30% (w/v)
sterilized glycerol solutions and stored at —80°C. E. coli
cells carrying any insert were grown as negative control.
The preculture was centrifugated at 5000 rpm for 5 min
and the pellet was resuspended in fresh medium.

2.3. Optimization of expression of mCherry

Culture parameters (inducer concentration and
induction time) were varied to investigate optimal
conditions. Initially, small scale in flask contains 50 mL
LB used for optimization before large scale protein
production. The resuspended culture was inoculated in
LB flasks at a ratio of 1:100 and was grown at 37°C until
ODe¢oo Wwas reached 0.6. Bacterial cultures were then
induced with varying concentrations (0.002, 0.004, 0,006,
0.008, 0.01, 0.02, 0.04 and 0.2 %) of arabinose and
grown for another 5 hours at 37°C.

The effect of induction time on mCherry expression
was investigated. Cultures that induced with the optimum
inducer concentration were withdrawn induction at
different time (1, 2, 3, 4, 5 and 6 h) intervals. Equal
volume from each sample (20 pl) was analyzed by 12%
SDS-PAGE.

2.4. Cultivation in bioreactor

The overnight culture of E. coli strain BL21(Al) that
transformed with a pBADCherry plasmid was inoculated
(1%) in 50 mL LB medium in a 250 mL shake flasks and
incubated overnight at 37°C with shaking at 200 rpm.
Production of mCherry in large scale was performed in
‘Sartorius Biostat®A plus’ bioreactor that has 5L working
volume. 3 L LB medium (containing 100 pg/mL
ampicillin and 1% olive oil as a foam breaker) in
bioreactor was inoculated with the fresh overnight
culture. Cultivation was carried out under controlled
conditions at 37°C and pH 7.0. The pH was kept constant
at 7.0 by the controlled addition of 5M NaOH. The
dissolved oxygen concentration (DO) was maintained at
30% saturation by increasing agitation speed (500-2,000
rpm) and O-enrichment if required. The optical density
of culture was measured at 600 nm with
spectrophotometer. Expression of recombinant mCherry
was induced at ODggo = 2.0 with optimum arabinose
concentration  that decided from  experimental
concentration data for optimization. Batches were
finished when no further growth was detected with
optical density.

2.5. Purification of target protein

After induction and expression of target protein in
high cell density, cells were harvested by centrifugation

at 5000 rpm for 5 min. Cell pellets of 3L E. coli culture
resuspended in 100 mL of lysis buffer (100 mM sodium
phosphate, 100 mM NaCl, pH 7.0). Cell suspension was
lysed by sonication (10 cycles of 15s pulse with intervals
of 15s each, at 90% amplitude) for 2 hours on ice bath.
The lysate was pelleted at 8000 rpm 5 min to separate
undisrupted cell contents. Ultra-centrifugation was
performed at 30000 rpm for 1 hour to get soluble protein
solution.

Preparation of column for purification 10 mL of Ni-
NTA resin in column was pre-equilibrated with 5 column
volumes (CVs) of washing buffer (100 mM NaHPOy,
100 mM NaCl, pH 7.8). Supernatant that transferred to a
fresh tube after ultra-centrifugation was loaded to
column. The flow through was collected and all untagged
proteins were removed from column using 10 CVs of
wash buffer 1 (100 mM sodium phosphate, 100 mM
NaCl, 10 mM imidazole pH 7.8) and wash buffer 2 (100
mM sodium phosphate, 100 mM NaCl, 20 mM
imidazole, pH 7.8). His tagged mCherry that bound to
column was recovered with elution buffer (100 mM
sodium phosphate, 100 mM NaCl, 300 mM imidazole,
pH 7.8). Purified mCherry fractions were dialyzed
overnight in buffer (20 mM Na;HPOs, 50 mM NaCl, pH
7.8) at 4°C.

2.6. Protein analysis

Optimal induction time and inducer concentration
dependent expression levels, purity and molecular mass
of purified mCherry samples were determined by SDS-
PAGE. Whole cell lysate samples and collected protein
purification samples were mixed 1X sample buffer and
denatured at 95°C for 3 min, subjected to a 12%
denaturing SDS-PAGE and stained with Coomassie
brilliant blue. SDS-PAGE was performed essentially by
the methods of Laemmli [24].

The concentration of the purified mCherry by the
absorption spectra using a UV-VIS spectrophotometer
(Varian Cary® 50). Absorbance was read at 280 nm.

2.7. Fluorescence measurements

The spectral properties of the purified mCherry were
measured in a fluorometer (PTI Quanta Master™). The
excitation and emission wavelength of mCherry were
reported.

3. Results and Discussion

3.1. Construction of pPBADCherry

The gene encoding red fluorescent protein mCherry is
commercially available cloned in E. coli vector (pBAD).
The pBADCherry was gift from Dr. Tsien (University of
California, San Diego, CA) that used in this study. The
gene is 708 nucleotides in size and encodes a start codon,
with N-terminal 6XHistidine and was placed under
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control of the arabinose-inducible araBAD promoter
(Peap) (Figure 1).

3.2. Cytoplasmic expression of mCherry

E. coli BL21(Al) cells was transformed using the
constructed pBADCherry expression vector. The
mCherry was expressed as a His-tagged protein. A single
clone of transformed E. coli cells was cultivated for
detection of protein expression. The effects of inducer
concentration and induction time on soluble mCherry
expression were carried out in lab scale shake flasks
contain LB medium. The degree of purity of recombinant
mCherry was analyzed by 12% SDS-PAGE under
denaturing conditions, stained by Coomassie brilliant
blue. The molecular size of mCherry with Histidine tag
was approximately 28 kDa as expected (as estimated in
12% SDS-PAGE gel) (Figure 3). The purity of the final
protein product analyzed by Coomassie-stained gels was
greater than 95% .

El E2 E3 E4

36 kDa

W O e —

26 kDa

Figure 3. SDS-PAGE analysis of mCherry purified fractions.

Optimum arabinose concentration was decided by
working at eight different concentrations at 37°C. As
shown in Figure 4 expression levels were increased with
arabinose concentrations and the expression was highest
at 0.04% arabinose concentration. In addition the optimal
induction was performed at 5 hours after addition of
0.04% arabinose shown in Figure 5. Taken together, the
optimal culture conditions for highest expression of
mCherry was established as 0.04% of arabinose at 37°C
for 5 hours. Whole cell lysates of the optimization studies
were analyzed by 12% SDS-PAGE.
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Figure 4. Arabinose induction of the expression of mCherry at
different arabinose concentrations. Proteins in the whole cell
lysates were analysed by 12% SDS-PAGE.
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Figure 5. Effect of the induction time on mCherry expression
with 0.04% arabinose concentration. Proteins in the whole cell
lysates were analyzed by 12% SDS-PAGE.

3.3. Overexpression of mCherry

After determining the mCherry overexpression in E.
coli in shaking medium the performance was observed
under bioreactor conditions. The effects of induction
parameters on protein expression were optimized with
small culture of E. coli in flasks before performing large
culture in a bioreactor. All processes in bioreactor were
have been carried out in batch culture conditions.
Optimized parameters (inducer concentrations and
induction time) were applied to bioreactor. In order to
determine optimal arabinose concentration for maximum
yield of mCherry, induction was performed between
0.002-0.2% arabinose concentrations and analyzed by
12% SDS-PAGE (Figure 4).

Maximum vyield of protein was observed at %0.04
arabinose concentration. The optical density of bacterial
culture at 600 nm reached to a maximum of 12 after 5
hours of induction. Absorbance measured at 280 nm is
used to calculate the concentration of purified mCherry.
The vyield measured for the fluorescent protein
concentration was 81 mg/L from 3 L bacterial culture
medium in a bioreactor while the concentration was 15
mg/L in shake flasks.

Emission (610 nm

Excitation (587 nm)

400 500 600 700 800 400 500 600 700 800
Figure 6. Excitation and emission spectra of mCherry

Figure 6 indicates the fluorescence excitation (587
nm) and emission (610 nm) spectra of purified mCherry.
Spectral results were same as the ones reported before in
the literature [25,27].
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4. Conclusion

The advancement in FPs experimental studies makes
FPs very practical tools for broad applications in
biosciences, especially in vivo imaging. GFP and its
variants used as a multicolor labeling of different
compartments of cells, tissues or organisms. It is believed
that because of increasing in diversity of FPs, they will
become favorable tools for clinical, preclinical or
therapeutic studies, such as drug screening, tumor
monitoring and photodynamic therapies of cancer [7, 8].

Expression and purification of new generation FPs
that improved by genetic engineering techniques
represent variety of undiscovered opportunities for basic
investigations. Production of engineered pure monomeric
mCherry protein for structural studies is very important.
mCherry has a monomeric structure unlike ancestor of
RFPs and the palette of monomeric FPs enables
multicolor labelling experiments [3].

Isolation and purification of proteins from organisms
such as plant, animal or microorganisms is quiet
challenging and very expensive process besides
contamination risk of human and animal diseases derived
from isolated hosts. Recombinant DNA technology helps
to overcome these restrictions and gives product of
protein with improved features that close to their natural
structures [26].

For overproduction of recombinant proteins both
eukaryotic and prokaryotic expression systems are used.
Bacterial host systems have many advantages for
achieving a very high yield of recombinant proteins. E.
coli is the most preferred system because of its typical
features such as capability to produce large amounts of
recombinant protein in a short time at low cost with its
well-known genome. Also E. coli expression systems are
very convenient for the production of proteins such as
FPs that don’t specific  posttranslational
modifications.

The E. coli pBAD system based on araBAD operon is
a tightly regulatable expression system that allows
turning expression on/off. Strain BL21(Al) is also the
most widely used host for target gene expression. In this
study pBADCUherry in E. coli BL21(Al) cells were grown
in bioreactor gives a very high yield of recombinant
mCherry protein about 6 times higher than flask culture
at 0.04% optimum arabinose concentration. The results of
study indicated that by varying the concentration of
arabinose, expression of proteins can be regulated at
different levels. The expression level of mCherry at
different time was shown in Figure 5. It is observed that
the expression level of mCherry remained unchanged
after 5th hours of induction and there was no significant
difference between 5th and 6th hours of induction.
Consequently  induction  with  0.04%  arabinose
concentration for 5 hours was decided as optimum
condition of induction.

require

In this study expression of recombinant mCherry
fluorescent protein in E. coli was optimized by an
inducible system, overexpressed in bioreactor and also
purified in a very high purity. It is hope that expressed
pure recombinant FPs will be a control model for further
studies to improve their biophysical properties such as
brightness, photostability, maturation and tolerance for
physical conditions. Taken together, our given method
demonstrates that a high-throughput to produce FPs that
usable for biophysical, structural and functional studies
for instance, mechanisms of maturation, behavior of their
chromophore and investigating of FPs for potential use in
dye-sensitized solar cells.

In conclusion, we demonstrated an effective method
for producing recombinant mCherry. We suggest that
soluble mCherry protein yield can be further increased by
optimization of vector, strain and bioreactor conditions.
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Hygiene in mattresses

It has been known for many years that microorganisms can grow and proliferate on textile
material. Other than clothes, the objects that humans mostly contact with are their mattresses. In
this study, it was aimed to produce an antibacterial film in order to prevent growth and
proliferation of various bacteria which are dangerous for human health in mattresses and to make
mattresses hygienic since they cannot be changed in a short time. In the study, extracts were first
obtained from Saponaria officinalis L., Oxalis acetosella L., Althaea officinalis L., Lavandula
officinalis L., Aesculus hippocastanum L., Thymus vulgaris L., Syzygium aromaticum (L.) Merr
at Perry plants. The extracts were used individually and combined to form experimental groups.
The antibacterial effects of the extracts were examined by disc-diffusion method applied on
Gram-positive rods, Gram-negative rods, Gram-positive cocci and Bacilli colonies obtained from
mattresses. In addition, the colony counts were also carried out in total MAB culture. Based on
the results of the study, it was determined that S. aromaticum and L. officinalis + all extracts had
the highest inhibitory effect. By using S. aromaticum extract, xanthan gum, propylene glycol,
tween-20 and distilled water, an antibacterial film, which may provide long-term hygiene in
mattresses, was produced. The obtained gel was lyophilized and made available for use. As a
result of this study, it was foreseen that with the development of the obtained product, 4-5
million people (e.g., dorm, hospital, hotel) could be protected from the diseases transmitted from
mattresses, the money spent on the chemicals used for hygiene and the damages caused by these
chemicals on human and environmental health could be reduced, mattresses used for long
periods of time could be made healthy, and mattresses can be made hygienic in a cost-effective,
practical and natural manner.

© 2019 Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction

Today's modern

living and working conditions

humans mostly contact with are their mattresses. In a
study, it was reported that 317 million living organisms
were found in one gram of the samples taken from two

provide ideal conditions for the microorganisms to
reproduce rapidly. The excessive reproduction of some
microorganisms causes the deterioration of products
(food, textile, healthcare products...), the formation of
diseases and infections in the human body, and the
increase of allergic reactions [1]. It has been known for
many years that microorganisms can grow and proliferate
on textile materials. Other than clothes, the objects that

* Corresponding author. Tel.: +90 505 253 3430

different hospitals, elderly and child deaths increased in
those hospitals, and intestinal infections and diseases like
hepatitis A were transmitted through mattresses. In the
study conducted by Department of Genetics and
Bioengineering of Yeditepe University, Faculty of
Engineering and Architecture, it was reported that the
examination on mattress samples obtained from 19
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different hospitals, hotels and dormitories had revealed
that the mattresses became a biotope comprised of dust
mites, scabies, molds and bacteria, and this was a
significant threat to human health [2]. In Turkey, the
student capacity of the dormitories operating as part of
the Higher Education Credit and Hostels Institution
(KYK) under the Ministry of Youth and Sports is
601.019 [3]. The student capacity of 2591 dormitories
operated by the Ministry of National Education is
483,941 [4]. In addition, according to 2016 data, the bed
capacity of 865 state hospitals in Turkey is 217.771 [5].
Hotels are the other areas posing risk for human health.
In 2016, the total bed capacity of the hotels in Turkey
was 312.912 [6]. However, it is now stated that this
figure has reached 1 million as of today. Considering
private dormitories and private hospitals, the number of
beds and the number of people who benefit from them,
that is the people who are under risk, has reached 4-5
million. If we also take into account our beds and
mattresses in our homes, it can be said that people face
this danger every day.

After the infection incidents occurring in hospitals,
more importance has been placed on the hygiene of beds
and mattresses, and the application of systems using
ultraviolet rays has become a topic of discussion.
However, the implementation of such systems is costly
and difficult. Nowadays, devices that absorb these wastes
with vacuum systems are used more commonly since
they are more cost-effective [2]. These devices are for
cleaning purposes, but the important thing is to prevent
the growth and proliferation of microorganisms.
Therefore, antibacterial and antifungal products should be
used. Today, arsenic, iron, lead, tin, mercury, silver,
vegetable and animal extracts are used as antibacterial
agents. In particular, the use of heavy metals (Pb, Hg,
As...) causes increase in various health problems, such as
cancer, poisoning, skin rash, and itching. For instance,
after the widely used tin compounds were examined by
the EPA (Environmental Protection Agency), the use of
these compounds was banned in Japan and in some
European countries [7].

Today, human health constitutes the focus of
antibacterial applications. For this reason, high efficiency
and non-toxic substances have been introduced to the use
of the textile industry with the help of advancing
technology. For example, this feature of Bamboo, which
is known as an antibacterial tree in the Far East, has been
transported to clothes over time. In addition, the products
obtained from algae are also known as natural
antibacterial agents [8]. Antibacterial and antifungal
effects have been primarily investigated in the studies
conducted with plants [9-19]. Antibacterial studies have
also affected bed and mattress companies and a large
number of antibacterial mattresses have been put on the

market. One of those companies produced antibacterial
mattresses that provide better sleep quality by combining
visco material and soybean oil, whereas another company
combined Indian oil and visco material to reach the same
result [20]. Only the upholstery of these mattresses has
antibacterial properties and their prices are quite high.
The aim of this study was to produce a cheap and natural
antibacterial film in order to 1- prevent growth and
proliferation of various bacteria, which are dangerous for
human health, in mattresses, 2- and to make mattresses
hygienic since they cannot be changed in a short period.

2. Materials and Methods:
2.1. Material:

In the study, Saponaria officinalis L., Oxalis
acetosella L., Althaea officinalis L., Lavandula officinalis
L., Aesculus hippocastanum L., Thymus vulgaris L.,
Syzygium aromaticum (L.) Merr at Perry were used as
materials.

2.2. Method:

2.2.1. Obtaining extracts from Syzygium aromaticum
(L.) Merr at Perry, Thymus vulgaris L. and Lavandula
officinalis L. plants:

By using a Clevenger device, extracts were obtained
from S. aromaticum, T. vulgaris and L. officinalis plants
via steam distillation method [21, 22].

2.2.2. Obtaining extracts from Althaea officinalis L.
and Aesculus hippocastanum L. plants:

50 g A. officinalis and 200 ml sterile water were put
into a closed container and kept for 2 days (25 °C
incubator) under dark environment. After filtration, the
extract was sterilized in autoclave (121 °C) for 20
minutes [23]. The same procedure was also performed for
the barks of A. hippocastanum.

2.2.3. Obtaining extracts from Oxalis acetosella L.
plant:

The leaves of O. acetosella were ground and six 10-
gram cartridges were prepared. After the cartridges were
placed in the Soxhlet device, hexane, methylene chloride,
ethyl acetate and ethyl alcohol were extracted. At the end
of extraction, ethyl alcohol was removed by using a
rotary evaporator and the extract was obtained [24].

2.2.4. Obtaining Saponin from Saponaria officinalis L.
plant:

The pieces taken from the root of S. officinalis were
ground and 3 cartridges (10 g x 3) were prepared. The
prepared cartridges were treated with petroleum ether
(200 ml) for 6 hours in the Soxhlet device. After the
cartridges were dried, the process was continued for 24
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hours in Soxhlet device with 80% ethanol. Ethyl alcohol
was removed by using a rotary evaporator and the
concentrated extract was taken to the beaker. The beaker
was taken into an ice container, and acetone was added
dropwise to the beaker in order to obtain Saponin
precipitate with a white color. After the precipitation was
complete, filtration was carried out by using filter paper
and the filtrate was dried at room temperature to obtain
Saponin [25].

2.2.5. Medium preparation and obtaining samples from
mattresses:

At this stage of the study, Miiller-Hinton agar (Merck
1.05437) growth medium was used to incubate
microorganisms found on beds and mattresses. Petri
dishes containing growth medium were placed upside
down on the mattresses covered with clean linens for 1
hour, and then incubated at 35 °C for 24 hours. This
procedure was repeated every two days in 3 separate beds
for two weeks. After incubation, the bacterial colonies
were identified [26]. In general, four different colonies
were identified in the Petri dishes. These colonies,
classified as Gram positive rods (e.g., Lactobacillus,
Listeria, Eubacterium), Gram negative rods (e.g.,
Enterobacteria, Pseudomonas, Acinetobacter), Gram
positive cocci (e.g., Streptococcus, Staphylococcus) and
Bacilli (e.g., Bacillus), can be produced by various
species [27, 28]. Since bacteria could not be identified
individually based on their species, the study was carried
out based on total bacteria count.

2.2.6.
culture:
In the literature review performed to obtain a clearer
result in this study, it was seen that Chinese (CTITC) and
Japanese (JTIA) Textile Inspection centers conducted
their studies on antimicrobial mattresses in mesophilic
aerobic bacteria culture (MAB) or Staphylococcus [28].
MAB culture contains bacteria such as Lactobacillus and
Staphylococcus [27]. At this stage of the study, Brain-
Heart Infusion Medium (Merck 1.10493) was used for
MAB culture inoculation. Inoculation was performed 24
hours after the medium was prepared and left for
incubation at 35 °C for 24 hours. After the incubation, 1
loop (~ 10° bacteria) was taken from MAB culture and
transferred to 100 ml Bufferd Peptone Water medium.

Cultivation of mesophilic aerobic bacteria

2.2.7. Investigation of Antibacterial Effects of Plant
Extracts:

The antibacterial effects of the extracts were
investigated by two different methods.

In the first stage, Disc-Diffusion Method was used to
investigate the antibacterial activity of the extracts on the
samples taken from the mattresses [29]. The discs to be

used in the method were previously prepared and
sterilized by being kept in a dry sterilizer for 1 hour at
180 °C. 28 experimental groups were formed from plant
extracts (Table 1). In addition, deionized water was used
as a negative control group and Amoxicillin Clavulanate
antibiotic was used as a positive control group [30]. By
using physiological saline solution, 10 dilutions were
prepared from the colonies developed in Petri dishes, and
50 microliters were taken from the dilutions and
inoculated onto Petri dishes. 3 discs soaked with 25
micron of extract were placed into these Petri dishes.
Petri dishes were incubated at 35 °C for 24 hours and the
changes were observed.

The resulting zones were measured by caliper and
their averages were taken. The study was carried out in 3
repetitions.

In the second stage, Total Bacterial Count was
performed in MAB culture. Bacteria inoculated into BPW
medium were used for this process. 0.1 ml of bacterial
cultured BPW was taken and inoculated into tubes
containing 9 ml Maximum Recovery Diluent
(physiological saline solution) and 1 ml plant extract.
After inoculation, tubes were kept at room temperature
for 30 minutes and total bacterial counting was performed
[31]. After counting, data was obtained by using the
following formula (Table 2).

N=C/[V(n + 0,1 xnp) xd] @

(N: number of colonies (gram or ml), C: total amount of
colonies counted in Petri dishes, ni: number of Petri
dishes in first dilution, n: number of Petri dishes in
second dilution, d: dilution coefficient of the first counted
Petri dish).

2.2.8. Preparation of Antibacterial Film:

In order to prepare antibacterial film, the most
effective plant extract (10-15%), Xanthan Gum (1-3%),
Propylene Glycol (10%), Tween-20 (5%) and Distilled
water (100g) were used. Firstly, ratio of the water was
determined according to the percentages and half of the
water was added to xanthan gum. The gum was allowed
to stand overnight so that it could expand and be
homogenous. Propylene glycol was then added. The rest
of the water was used to dissolve the Tween-20. The
extract was added dropwise on dissolved Tween-20. This
mixture was added to Xanthan gum and then taken to a
petri dish and dried in a 40 °C incubator. The obtained
gel was lyophilized.

3. Results and Discussion

Based on the measurements made by the disc-
diffusion method on the experimental groups, it was
observed that the plant extracts had different antibacterial
properties (Table 1).
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When the results obtained by the disk-diffusion
method were examined, it was seen that A. officinalis, L.
officinalis + A. officinalis extracts had no inhibitory
effect on bacteria, and the least inhibitory effect was seen
in A. hippocastanum extract.

It was determined that S. aromaticum extract had an
efficient antibacterial effect on all four different colonies
identified in the mattresses. Other extracts with high
inhibitory effect were L. officinalis + all, S. aromaticum
+ all, T. vulgaris + S. officinalis and L. officinalis + S.
officinalis. At the end of the MAB counting, it was
determined that the results in the experimental groups
were different (Table 2).

In the studies related to colony count, the counting is
performed over 15-300 colonies and these values are
taken as criteria [32]. When table 2 is examined with
respect to the Positive control group, it was seen that L.
officinalis, T. vulgaris, A. officinalis, A. hippocastanum,
L. officinalis+ A. officinalis, L. officinalis+ A.
hippocastanum, T. vulgaris + A. officinalis and T.
vulgaris + A. hippocastanum extracts had no inhibitory
effect on mesophilic aerobic bacteria. Similar to the disk
diffusion method, it was determined that S. aromaticum
extract had also the highest antibacterial effect on MAB
culture. Other extracts with high antibacterial effect were
L. officinalis + all and L. officinalis + all + salt mixtures.
The data obtained from this study is also supported by
previous studies [13-16, 18].

Table 1: Results of Disc-Diffusion Procedure Performed on Plant Extracts (mm)

Extract Gram(+) Rods Gram (-) Rods Gram (+) cocci Bacilli
L. officinalis 14 1.6 1.8 1.6
S. aromaticum 9.5 9 9.2 9.4
T. vulgaris 6 5.5 5 6.2
S. officinalis 4 5 3 3
O. acetosella 3 2 2 2
A. officinalis 0 0 0 0
A. hippocastanum 0.5 0 0.5 0
L. officinalis +S. officinalis 6.30 6 6.8 5
L. officinalis +0O. acetosella 4 5 4 4
L. officinalis+ A. officinalis 0 0 0 0
L. officinalis+ A. hippocastanum 1 0.5 0.5 1
L. officinalis +all 8.5 8 7.5 8
L. officinalis + all+ salt 4.5 4 3 3.5
L. officinalis+all+ carbonate 45 5 4 5
S. aromaticum+S. officinalis 6 6.5 5.5 6
S. aromaticum +0O. acetosella 6.5 7 6 6.5
S. aromaticum+ A. officinalis 3 2 2 2.5
S. aromaticum+ A. hippocastanum 4 4.5 45 3.5
S. aromaticum +all 7 6 6 6.5
S. aromaticum+all+ salt 4 4 5.5 5
S. aromaticum+all+ carbonate 3.5 4 4 3.5
T. vulgaris +8. officinalis 6 6 7 6
T. vulgaris +0. acetosella 45 3.5 4 4
T. vulgaris + A. officinalis 2 1.5 2 2
T. vulgaris + A. hippocastanum 2 2 2.5 2.5
T. vulgaris +all 5 6 45 55
T. vulgaris +all+ salt 5 6 6 6
T. vulgaris +all+ carbonate 3 3.5 2.5 3.5
Negative group 0 0 0 0
Positive group 10.5 115 10 12
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Table 2: Antibacterial effects of plant extracts in MAB culture
(cfu/g).

Extract MAB
L. officinalis >300
S. aromaticum 8

T. vulgaris >300
S. officinalis 14
O. acetosella 20
A. officinalis >300
A. hippocastanum >300
L. officinalis +S. officinalis 20

L. officinalis +O. acetosella 15

L. officinalis+ A. officinalis >300
L. officinalis+ A. hippocastanum >300
L. officinalis +all 10

L. officinalis+all+ salt 11

L. officinalis+all+ carbonate 16

S. aromaticum+S. officinalis 13

S. aromaticum +0O. acetosella 16

S. aromaticum+ A. officinalis 27

S. aromaticum+ A. hippocastanum 18

S. aromaticum +all 16

S. aromaticum+all+ salt 19

S. aromaticum+all+ carbonate 41

T. vulgaris +8S. officinalis 19

T. vulgaris +0. acetosella 47

T. vulgaris + A. officinalis >300
T. vulgaris + A. hippocastanum >300
T. vulgaris +all 19

T. vulgaris +all+ salt 21

T. vulgaris +all+ carbonate 26
Negative group >300
Positive group 0

In terms of cost, it was decided to produce
antibacterial film by using clove extract and the sample
film was produced as described in the Materials-Methods
section. It was determined that by using this film, Gram
positive cocci which cause various infections in hospitals,
gram-negative rods which cause various diseases such as
pneumonia and antibiotic resistance, and gram-positive
rods which cause skin and soft tissue infections [33] can
be prevented from settling and proliferating in beds and
mattresses.

Based on the results of this study; it was foreseen that by
using the produced antibacterial film on mattresses and
various surfaces, natural resources of Turkey can be
better utilized and 4-5 million people can be protected

from the diseases transmitted from mattresses, the money
spent on the chemicals used for hygiene and the damages
caused by these chemicals on human and environmental
health can be reduced, and mattresses can be made
hygienic in a cost-effective, practical and natural manner.
It is recommended that the sample antibacterial film
produced in this study should be further developed by
experts in the field and put into the practice as soon as
possible (Figure 1).

Figure 1. Use of antimicrobial film on mattresses
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In this paper it is aimed to determine which of the protein features or attributes is the most
significant for classification of proteins according to their folds. Proteins in the database used in
this study are represented by six feature groups called attributes and by a 125-dimensional feature
vector. The representation of proteins with very high dimensional vectors such as 125 causes
increasing computational load of the classification process and extending the process time. In this
study “dimension reduction” solution is offered for this negative situation. Hence, with two
different approaches, the features and attributes having high classification performance are
determined. In the first approach, which attribute gives higher performance is determined by
testing separately each of the six attributes. In the second approach, the most significant of the 125
features are determined using Divergence Analysis method. In this study, a classic classifier KNN
(K-nearest neighbor) and artificial neural network models GAL (Grow and Learn) and SOM (Self-
Organizing Map) networks are used as classifier and classification performance is analyzed for

reduced dimension datasets.

© 2019 Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction

Proteins are essential and large biological
macromolecules that regulate necessary parts of living
organisms to control all their living functionalities [1].
Proteins having same or similar shape in a given locus
perform the same or similar functions. Structural
comparison and classification of proteins is therefore have
a great importance in terms of computational biology [2].
Information on all known proteins is stored in the Protein
Data Bank [3]. Currently (December 31, 2018) has
147,610 protein structures experimentally identified in this
database, and this number is increasing every month by
adding an average of 800 new molecules. Thus, many
similar structures are formed in this database. The
comparison and classification of protein structures is also
important in this respect. SCOP (Structural Classifications
of Proteins) [4] provides comprehensive evolutionary and
structural relationships among all known proteins [5].
Proteins are divided into four main structural classes
according to the components of the secondary structure;

* Corresponding author. Tel: +90 346 219 10 10
E-mail address: ozlem.polat@cumhuriyet.edu.tr
ORCID: 0000-0002-9395-4465

all-alpha, all-beta, alpha/beta and alpha+beta; and
according to SCOP, these four main classes are divided
into folds, folds are divided into superfamilies, and
superfamilies are divided into families. Folds represent the
3D shape of proteins and because of that the protein
structure defines the protein function. Therefore,
classifying proteins according to their folds is an important
issue for structural biology.

There are many studies in the literature about proteins.
Over the past 30 years, a wide variety of research has been
conducted on the classification of protein folds. In these
studies, classifiers such as artificial neural networks [5-
12], Bayesian classifiers [13], k-nearest neighbors [14-17],
support vector machines [18-20] were used as well as
ensemble classifiers [1,21-30] using more than one
classifier were used. In all these studies, different methods
were used to classify the proteins at the fold level, among
which only [8,26,30] tested separately the feature groups
used in the classification of proteins.

One of the earliest studies on classifying protein at the
fold level was performed by Reczko and Bohr [6]. Reczko

Note: Part of this study was presented at International Advanced Researches & Engineering Congress, Osmaniye /Turkey
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and Bohr used a special feed-forward artificial neural
network model called Cascade-Correlators. In 1999
Dubchak et al. developed a new computational method
based artificial neural network to assign the protein
sequence to a fold class in SCOP [5]. In 2001 Edler et al.
[7] conducted a study showing the role and consequence
of statistical methods in predicting protein fold classes. In
the same year, Ding and Dubchak [8] applied support
vector machines and artificial neural networks as the
primary classifier to recognize protein folds. In these
studies, Ding and Dubchak used a dataset, which they had
generated in previous studies [5], containing 27 protein
folds. This dataset contains a total of 694 proteins, 311 in
the training set and 383 in the test set. Bologna and Appel
used an ensemble of four-layer Discretized Interpretable
Multi-Layer Perceptron [9] and used the dataset formed by
Ding and Dubchak [8]. In 2003, Huang et al. [31] proposed
a hierarchical learning architecture that separates proteins
into four structural classes; as a second step, they tried to
solve 27-class protein fold classification problem using
MLP, GRNN, RBFN and SVM classifiers. In 2004, Okun
[14] used a modified nearest neighbor algorithm called the
K-Local Hyperplane Distance Nearest Neighbor. In 2005,
Chinnasamy et al. [13] presented a system called TAN
(Tree-Augmented Network) and based Bayesian Network
for classification problem. In the same year, Huang et al.
[11] used a hierarchical learning architecture based on
artificial neural networks, in which the attributes were
selected during learning to classify proteins at the fold
level. In 2006 Nanni [22,23] used two different ensemble
classifiers. Shen and Chou [15] developed a hybrid
classifier called OET-KNN (K-Nearest Neighbor
Optimized Evidence Theoretic) and they tested it on the
27-class dataset used in [8]. In 2007, Chen and Kurgan
[24] proposed PFRES method for classifying protein folds
with an automatized way. Shamim et al. [20] used a SVM-
based classifier. Motivated by Shen and Chou, Guo and
Gao [25] proposed a new hierarchical composite classifier
called GAOEC (Genetic Ensemble Classifier Optimized
Algorithm). A different study on classification of proteins
at the fold level was also performed by Krishnaraj and
Reddy [32]. Krishnaraj and Reddy used the AdaBoost and
LogitBoost methods, which are two different variations of
Boost algorithms. Later on, Damoulas and Girolami [30]
used the variational Bayesian approach and the Kernel
combination methodology for classification. In 2009 Shen
and Chou [33] used a hybrid classifier; Hashemi et al. [1]
used MLP and RBF networks; Chen et al. [26] used a new
approach based on genetic algorithm and Jazebi et al. [12]
used a fusion method to classify the proteins at the fold
level. In 2010 Dehzangi et al. applied Random Forest [34]
and Rotation Forest [35] algorithms; Wang and Gao [36]
used a two-layer classifier in which OET-KNN is used in

the first layer and SVM is used in the second layer.
Motivated by [32,34,35] Dehzangi and Karamizadeh used
a heterogeneous classifier including LogitBoost, Random
Forest and Rotation Forest algorithms [37] for protein fold
classification. In 2012 Suvarnavani et al. [38] applied
boosting algorithm called SMOTE and used Triangle Sub
division Method (TSM) to extract the feature set; then used
a decision tree classifier and obtained 78.25%
classification accuracy. In 2013 Bae et al. [39] tried to
solve the classification problem by using multi-class linear
decomposition analysis method. One of the recent studies
on this area has been studied by Lin et al. [28]. They
applied K-means clustering algorithm in their study. To
the best of our knowledge the most recent study in the
literature has been made by Aram et al. [29] in 2015. Aram
et al. used a two-layer classification framework (TLCF)
and a mixture of MLP, RBFN and Rotation Forest
algorithms for classification of protein folds.

The studies mentioned above and available in the
literature tried to solve protein fold classification problem.
Only three of these studies [8,26,30] have evaluated the
feature groups separately to classify the proteins according
to their folds.

In this study, three different classifiers, KNN, SOM and
GAL, are used to classify proteins at the fold level. In
addition, in this study, the feature groups (attributes) are
evaluated individually in order to determine the most
significant attributes for protein fold classification. Also
the Divergence Analysis method is used to array the
features according to their effectiveness and determine the
most significant features for protein fold classification.
Thus, in the literature, the feature size in the dataset which
is frequently used in the classification of proteins is
reduced to a value lower than 125 and the computation
load is reduced, therefore the computation time is reduced.

In Section 2 Materials and methods are introduced. In
Section 3 experiments and performances are presented and
conclusions are brought in Section 4.

2. Materials and Methods
2.1 Dataset and Features

The dataset used in this paper was taken from [8] and still
available at http://ranger.uta.edu/~chqgding/bioinfo.html. The
original training and test sets have 311 and 383 proteins,
respectively. This dataset consists of 27 folds. These folds
are shown in Table 1.

To cope with the fold classification problem, Ding and
Dubchak formed the following six attributes from protein
sequences; amino acid composition, predicted secondary
structure, hydrophobicity, normalized van der Waals volume,
polarity and polarizability [8]. Of the above six attributes,
only amino acid composition has 20 components, each
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component states the occurrence frequency of one of the 20
native amino acids in a given protein. The other five
attributes have 21 components.

The occurrence frequencies of the 20 native amino acids in a
particular protein form the components of the composition
vector of that protein. The 20 amino acids are denoted with
letters in alphabetic order each one is represented as AA .

Table 1. The 27 protein folds, structural classes and the number of
proteins contained in training and test sets [8]

© 4=
2 2 o 2 .| 2| %
- 2 e c% | s | 3
z » O [ ~
1 Globin-like 13 6
2 Cytochrome ¢ 7 9
3 DNA-binding 3-helical bundle all-a 12 20
4 4-helical up-and-down bundle 7 8
5 4-helical cytokines 9 9
6 Alpha; EF-hand 6 9
7 Immunoglobulin-like B- 30 44
sandwich
Cupredoxins 9 12
9 Viral coat and capsid proteins 16 13
10 ConA-like lectins/glucanases 7 6
11 SH3-like barrel all-p 8 8
12 OB-fold 13 19
13 Trefoil 8 4
14 Trypsin-like serine proteases 9
15 Lipocalins 9 7
16 TIM-barrel 29 48
17 FAD (also NAD)-binding 11 12
motif
18 Flavodoxin-like 11 13
19 NAD(P)-binding Rossmann- 13 27
fold
20 P-loop containing nucleotide o/ 10 12
21 Thioredoxin-like 9 8
22 Ribonuclease H-like motif 10 12
23 Hydrolases 11 7
24 Periplasmic binding protein- 11
like
25 B-grasp 7 8
26 Ferredoxin-like 13 27
27 Small  inhibitors,  toxins, op 13 27
lectins

The number of occurrences of AA; in the given sequence is
shown as n; (i=1,2,...,20). Then, the components of the
composition vector are introduced as:

USTIIN) (1)

where, L denotes the length of the sequence [24].
Three identifiers are calculated for each of the five

attributes; composition (C), transition (T) and distribution
(D). Composition introduces the histogram related to the
three groups in a protein. Transition shows the percent

frequencies related to the change between the groups.
Distribution indicates the distribution of the attributes in the
sequence. For each of these five attributes, totally
3(C)+3(T)+5%3(D)=21 scalar components are formed. As a
result, the dimension of feature vector is 125 [5].

2.2 K-Nearest Neighbor Algorithm

K nearest neighbor algorithm is a supervised learning
method usually used to classify any data and its
implementation is simple. In this method, the distances
between the samples in the training set and the samples in the
test set are calculated one by one. After the distances have
been calculated, the closest K neighbors to the one whose
class is to be specified is determined. The class of the sample
being tested is determined by the majority method [40]. If the
number of samples related to the class is in the majority in K
neighbors, the class of tested protein is determined as the
class of the majority. Different distance metrics can be used
in the KNN method and the user usually defines the value of
K from small positive integers. In this study, Euclidean
metric was used as distance metric. For the K constant,
several different values have been tested in order to evaluate
the classification performance, for example 1, 3, 5, 7 and 9
values for K constant are tested, but for the K=3 value a high
classification performance has been achieved.

2.3 Self-Organizing Maps

SOM, a model of artificial neural networks and using
the unsupervised learning method, was developed in
1982 by Tuevo Kohonen [41]. SOM uses competitor
learning algorithm indicated in [42]. In this way, the
neurons of the network compete each other to become
active and ultimately only one neuron win the race.
Here, the basic goal is to transform adaptively the n-
dimensional input space into two-dimensional map of
the output nodes (see Figure 1). After training is
completed, a label is assigned to the nodes with a
labeling method.

In this method, jth node (w;) is in the output layer
and input vector x is in the input layer. The distance
between the jth node and x is calculated as follows:

T
x = [x1,%5, 0, %017 5 Wy = [le,wjz, ...,wjn] )

D; = Z:lzl (xi — wji(k))z
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Figure 1. SOM network structure

where n shows the dimension of feature vector.
The weights of the output node and its neighbors are
updated as follows.

wji(k + 1) = wj; (k) + n(k). (x; — wj; (k) 3)

Here, 1 is learning rate and k is the number of iterations. The
details of training algorithm of Kohonen’s SOM network can
be seen in [42].

2.4 Grow and Learn Network

In grow and learn (GAL) network [43], class boundaries
are determined by the closest distance measure. The
distances between the input vector and all the nodes in the
network are calculated. The class of the input vector is
determined as the class of the network node closest to this
vector. The number of nodes in the network is automatically
determined and updated during training if necessary. The
network grows when it learns and becomes smaller when it
forgets.

The structure of the GAL network is shown in Figure 2.
The GAL network consists of two layers. The structure of
the nodes in the network is expressed by the following

equations.
n 2
by = Z (2 — wje)
i=1
_ (1, pe=""(p))
Ee = {0, otherfxvise “)
1,if e is an exemplar of class c
=] .

0, otherwise

C = Z Eo T
e

E. is the output of the nodes in the first layer, and Ty is the
link coefficient that indicates the OR operation that takes
only 0 or 1 values.

The first layer is used to find the minimum distance
between the node weights and the input vector, while the

second layer is used to define the class to which the nodes in
the network belong. The weights in the second layer initially
have a value of 0, which is 1 during training. The second
layer is used to logically OR the outputs of the same class.

The most important property of the GAL network is that
the number of nodes can be automatically specified
depending on the structure of the problem (distribution of
classes) during training. The structure of the GAL network is
highly dependent on the order of the input vectors initially
given to the network. There are nodes in the network which
are meaningful before, but which have lost meaning with the
addition of new nodes to the network. These nodes created
during the training algorithm are removed from the network
by the forgetting algorithm.

The purpose of the forgetting algorithm is to find nodes
that do not affect the success rate of the network when it is

O C class layer
i &
E exemplar layer
| WINNER TAKES ALL |
000 O_0O O »

-

W weights of

AN

exemplars
X1 XE, e e e mom e e Xn

Figure 2. GAL network structure

removed from the network and to remove those nodes from
the network. The training and forgetting algorithm of the
GAL network [44] is described in detail.

2.5 Divergence Analysis

Divergence analysis is applied to select the best features
that do not degrade performance in the desired number of all
the features used in problems with two or more classes. In
divergence calculations, within-class scatter matrix and
between-class scatter matrix are used as criteria for class
separation [45].

The selection of the best d feature subset (d < n) from n
attributes can be done by Divergence Analysis. For example,
in this method, firstly one most effective attribute is
determined from n features. This feature is a feature that will
be placed in the d element final set. After the most effective
feature is found, second most effective feature is determined
among the remaining (n-1) features so that these two features
maximize the separability criterion. This process continues
until the d elementary feature set is obtained.

2.6 Performance Analysis

In this paper, to improve the performance, OvO (One-
versus-Others) method was used with KNN, GAL and SOM



Ozlem Polat, International Advanced Researches and Engineering Journal 03(01): 032-039, 2019

036

networks. This method is used in multi-class problems and
transforms K-class problem into a two-class problem. One
class contains all the proteins belonging to the i-th fold that
are labeled as positive, and the other class contains all other
proteins that are labeled as negative. Thus K binary
classifiers are constructed to predict the protein folds.

In the tests for classifying the protein at the fold level, to
calculate individual fold success rate (IFSR), the sensitivity,
which is mostly used in the literature, was used as seen in
Equation (5).

Y. True Positive (5)
> True Psitive+ ), False Negative

IFSR =

In order to calculate the overall success rate (OSR), the
sensitivity formula is generalized for the 27 fold class and the
overall success rate is calculated as seen in Equation (6).

27 | True Positive (6)
Y27 | True Positive+Y2., False Negative

OSR =

3. Experimental Results

In the first experiment, KNN classifier was tested for the
K=3 value to determine the most significant attribute for
protein fold classification. For this purpose, firstly only C
(amino acid composition) attribute was used, namely the
feature vector only consisted of C attribute and the number
of feature vector components was 20. Then S and other four
attributes were used individually to determine which
attribute is more effective; and the number of feature vector
components were 21 for these five attributes. The
classification performances obtained for these tests are
shown in Table 2. The last column in Table 2 demonstrates
the results with the contribution of all six attributes.

According to Table 2 the most significant attribute is C;
and the second most significant attribute is S.

In the second experiment, SOM network was used. To
train SOM network 15x15 neurons was used; and the
neighborhood spread was selected as o=1, learning rate was
determined as n=0.5 , lastly iteration number was defined as
A=3000. For each test the average performance over 50 runs
is reported. In the last experiment GAL network was used as
classifier to determine the most significant attribute for
protein fold classification. In the test process, iteration
number was determined as 1500. For each test the average
performance over 50 runs is given. The results related to
performance of SOM and GAL networks are shown in Table
3 and 4, respectively.

According to Table 3 it is observed that attribute C is the
most effective and S is the second effective attribute for fold
classification. Same conclusions can be made for Table 4.

Table 2. Performance of KNN for each attribute at 27-class protein
fold classification

k=] —
L? (@] (%)) I o > N P
1 | 833 | 666 | 666 | 66.6 50 33.3 | 50
2 333 | 222 | 333|222 111 222 | 333
3 |35 35 35 20 25 25 40
4 | 375 | 125 | 25 25 25 25 25
5 | 777 | 666 | 333 | 555 33.3 444 | 66.6
6 [333 |0 222 | 111 0 0 0

7 1409 [318 | 318 | 318 38.6 36.3 | 43.1
8 | 166 | 333 |83 16.6 33.3 166 | 25
9 |538 |153 | 307 | 23 38.4 46.1 | 46.1
10 | 333 [ 166 | © 16.6 16.6 166 | 16.6
11 | 125 | 0 25 375 50 37.5 25
12 1105 |21 15.7 | 26.3 21 263 |21
13 | 50 50 25 25 50 50 25
14 | 50 25 25 25 25 25 25
15 | 42.8 | 285 | 285 | 57.1 14.2 285 | 42.8
16 | 75 708 | 458 | 52 56.2 56.2 | 81.2
17 | 50 66.6 | 33.3 | 33.3 25 33.3 | 50
18 | 23 384 | 153 | 23 15.3 153 | 23
19 | 2906 | 222 | 259 | 222 22.2 11.1 | 185
20 | 416 | 25 50 58.3 33.3 41.6 | 41.6
21 | 25 375 | 25 375 125 25 25
22 | 416 | 50 50 33.3 50 50 66.6
23 | 571 | 42.8 | 428 | 42.8 57.1 285 | 57.1
24 | 25 50 75 25 75 25 50
25 | 25 375 | 125 | 125 25 375 | 375
26 | 259 | 148 | 148 | 25.9 185 148 | 14.8
27 | 888 | 59.2 | 259 | 22.2 40.7 185 | 444
8

&

§ 444 | 373 | 303 | 31.9 332 | 305 40.5

When considered Table 2, 3 and 4, it can be said that the
best classification performance is obtained with GAL; and
KNN algorithm is not very well for protein fold classification.

Also, SOM has remarkable results for protein
classification at the fold level. Also, it is obvious that the
highest success rate can be achieved by the contribution of
all six attributes.

Above, to determine the most significant attribute and
decrease the dimension of the feature vector the feature
blocks including 20 or 21 features were considered. Here,
each of the 125 features was individually considered with
dynamic programming and the divergence values of each
one was calculated. Then, 125 features were put in order
according to their significance and; the proteins were
classified using the best 10, 30 and 50 features with GAL.
The classifier wasn’t performed for more than 50 features
because as seen from Table 5 very close classification
performance (80.9%) to that of Table 4 (81.2%) was
obtained. Test results are shown in Table 5.
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Table 3. Performance of SOM for each attribute at 27-class protein
fold classification

= —

2| o n T a > N <
1 100 | 83.3 | 833 | 833 | 833 | 833 | 100
2 77.7 | 555 | 888 | 88.8 | 8388 | 66.6 | 888
3 55 | 50 50 45 45 55 80
4 875 | 375 | 75 75 75 625 | 875
5 88.8 | 66.6 | 77.7 | 66.6 | 66.6 | 66.6 | 100
6 55.5 | 55,5 | 555 | 333 | 333 | 66.6 | 666
7 61.3 | 545 | 545 | 545 | 545 59 727
8 50 | 41.6 | 41.6 50 50 50 58.3
9 84.6 | 615 | 538 | 615 | 615 | 53.8 | 846
10 | 833|333 | 50 50 50 50 50
11 | 625|375 | 625 | 625 | 625 75 75
12 | 526|368 | 57.8 | 473 | 473 | 473 | 526
13 100 | 50 50 75 75 75 100
14 | 100 | 50 75 50 50 50 75
15 | 100 | 571 | 857 | 714 | 714 | 714 | 8.7
16 75 | 68.7 | 625 | 625 | 625 | 583 | 729
17 | 66.6 | 66.6 | 50 50 50 50 66.6
18 | 538|461 | 461 | 384 | 384 | 384 | 615
19 | 666 | 444 | 37 37 37 37 63
20 75 | 583|583 | 416 | 416 | 583 | 666
21 | 625|875 | 625 50 62.5 50 875
22 | 666 | 66.6 | 58.3 | 583 | 583 | 583 75
23 | 714|714 | 714 | 714 | 714 | 571 | 714
24 | 100 50 | 100 | 100 100 75 75
25 | 625 | 625 | 375 50 50 50 62.5
26 | 44.4 | 555 | 37 444 | 444 | 333 | 555
27 | 100 74 | 481 | 481 | 481 | 481 | 100

o

& 69.7 | 57.2 | 556 | 541 | 543 | 538 734
E

4. Conclusion

In this paper protein fold classification is considered and
the most significant attribute and features are determined for
protein classification at fold level. Six attributes are tested
individually with KNN, SOM and GAL classifiers to
determine the effectiveness of them. In KNN, examples are
classified based on the class of their nearest neighbors.

SOM uses competitive learning algorithm. In this
algorithm the network neurons compete to be activated and
eventually only one neuron wins the race. The goal is to train
the network and to project the high dimensional data on to
low dimensional map in an adaptive way. GAL is an
incremental neural network for supervised learning, the
number of nodes in the network is automatically determined
and updated during training if necessary. The network
enlarges when it learns and becomes smaller when it forgets.
The results show that the amino acid composition (C)
attribute is the most effective attribute and predicted

secondary structure (S) is the second most effective one for
all three classifiers at protein fold classification. C attribute
gives a reasonable success rate of 71.3% even tested alone
with GAL. Also it is obtained that GAL has better
classification performance than SOM and KNN.

Table 4. Performance of GAL for each attribute at 27-class protein
fold classification

= _
Elo |w | T |a > N <
1 833 | 83.3 | 666 | 100 | 833 | 833 | 100
2 777 | 66.6 | 666 | 666 | 77.7 | 444 | 100
3 60 75 50 80 90 40 80
4 875 | 75 | 25 100 75 625 | 875
5 100 | ggg | 555 | 555 | 888 | 77.7 | 100
6 666 | 444 | 444 | 555 | 666 | 222 | 777
7 659 | 931 | 65.0 | 636 | 681 | 636 | 705
8 50 | 833 | 75 | 416 25 | 333 | 75
9 923 | 923 | 76.9 | 461 | 615 | 538 | 846
10 | 666 | 166 | 833 | 333 | 666 | 833 | 667
11 | 625 | g25 | 25 87.5 75 | 625 | 875
12 | 368 | 473 | 421 | 473 | 789 | 421 | 526
13 75 | 100 | 75 50 50 | 100 | 100
14 | 5| 25 | 25 25 25 50 75
15 | 857 | 571 | 857 | 714 | 714 | 571 | 857
16 | 791 | 604 | 833 | 79.1 50 | 79.1 | 854
17 | 666 | 75 | 833 | 75 416 50 75
18 | 615 | 769 | 846 | 692 | 384 | 307 | 846
19 | 666 | 407 | 555 | 592 | 444 | 444 | 815
20 | 833 | 583 | 833 | 66.6 50 | 100 75
21 | 625 | 50 | 625 | 625 | 625 | 625 | 875
22 | 916 | 75 75 583 | 66.6 | 666 | 917
23 | 87 | g57 | 714 | 857 | 100 714 | 100
24 75 25 50 100 75 75 100
25 50 50 | 625 | 375 | 375 | 375 | 75
26 | 918 | 555 | 444 | 481 37 | 259 | 667
27 | 100 | 703 | 814 | 518 37 | 333 | 100
a

€ | 713 | 666 | 653 | 634 | 580 | 548 | 812
3

In addition the effectiveness of the 125 features were
studied. In order to reduce the feature vector dimension
divergence analysis was applied. The goal of divergence
analysis application is that the performance ratio does not
change. This method computes divergence values of the
features and sorts them by their importance. Here, after
divergence analysis, the most significant 10, 30 and 50 features
were determined, and they were presented to GAL network. For
the most significant 50 features, 80.9% classification
performance was achieved, therefore no longer tested. As a
result, the feature vector dimension was decreased from 125 to
50 without much decreasing success rate, and so the
computational load was reduced.
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In the next step of the study, classification performance

related to protein folds can be enhanced. The methods can
be tested on larger datasets. For better results, new features
and new network structures can be analyzed.

Table 5. Performance of the GAL classifier using different
dimensional feature vectors formed by divergence analysis

AERERE:

3 £ £ £

i [a] [a] a]
1 83.3 100 100
2 88.8 100 100
3 75 85 90
4 87.5 | 100 87.5
5 100 100 100
6 444 | 777 777
7 68.1 | 704 70.4
8 333 75 75
9 69.2 | 923 92.3
10 66.6 | 833 100
11 75 87.5 87.5
12 47.3 68.4 57.8
13 75 100 100
14 50 75 75
15 571 | 714 71.4
16 68.7 | 875 81.2
17 583 | 916 91.6
18 615 | 76.9 76.9
19 59.2 74 70.3
20 583 | 833 75
21 75 875 75
22 833 | 833 100
23 571 | 714 100
24 50 75 100
25 62.5 75 100
26 37 59.2 55.5
27 814 | 8838 96.2
Suc. 65.0 | 80.2 80.9
Rate
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The competitive environment observed in the international construction sector has reflected in the
Turkish construction sector through joint projects. In order to achieve competitive advantage in
joint construction projects and to achieve success against national competitors, it is necessary to
review resource selection strategies. In this context, the main purpose of this study is to look at the
resource selection criteria of the construction companies in terms of International Resource-Based
Theory. The 77 resources of the construction firms reviewed during this study were evaluated by
taking into consideration their ability to be strategic resource and their competitive advantages. In
this study, the Building Information Modelling (BIM) tools and technique, which has been spoken
as a resource that will benefit competition in Turkey in recent years, was discussed as an objective
and the research problem was whether BIM is a strategic resource or not. In the resource evaluation
process, resources should be listed and evaluated by firm employees and managers. In the survey
conducted for this purpose, construction firms were asked to select the resources they already had
from the resource pool of the research and to score only 9 important resources. To establish vertical
hierarchy and horizontal relationships, the obtained results of the evaluation were analyzed by
using the Analytical Network Process (ANP) method. In the established hierarch, the objective
was BIM and the selection criteria were VRIO criteria including Valuable, Rare, Inimitable and
Organization, which are the resource selection criteria of the Resource-Based Theory. The scores
obtained as a result of the survey study applied to the Turkish construction firms were reflected to
the ANP technique. While the data processed with the Super Decisions software provides
numerical and quantitative comparisons of resources in the construction sector, it also points to a
selected set of resources that can work with BIM.

© 2019 Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction

construction firms have resources that they need support
of them to their strategic resources, which they have

BIM systems and tools used in the Turkish construction
sector over the last decade have started to be among the
resources used by the construction firms thanks to
international projects. Given the development level of the
firms, while some firms have a BIM system, the software
programs that BIM offers take place as a tool in some other
firms. At national or international level, BIM systems and
its tools are among the firms' targets as a resource that
makes a difference with its absence or presence, and even
as a resource that some firms see in their competitors and
feel the lack of it. Accordingly, even if they use terms
such as administrative strategies, project management,
human resources, innovation, vision and mission, Turkish
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chosen or created in line with their missing resources or
the administrative strategies they have; however, they
cannot put these resources into their place.

When firms are defined as organizational structures,
resources and capabilities, we start to define them by
looking at their internal structures. Moreover, the strategy
applied by a construction firm in order to gain competitive
advantage depends on everything involved in its internal
structure.

In determining competition strategy by taking into
account the economic-based literature, there are three
different strategies that the firms applied in order to gain a
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competitive advantage; 1. Total cost strategy, 2.
Differentiation strategy and 3. Focus strategy. Total cost
leadership is defined as the making production of a firm at
the lowest cost compared to its all competitors on the
market. On the other side, in comparison to their
competitors, the effort of firms to produce innovative and
high-quality products is called differentiation strategy.
Finally, the focus strategy can be defined as the attempt of
firms to gain a competitive advantage in a specific product,
a specific customer group or a specific market through
narrowing down the target market in which they compete.

According to Michael Porter [6], who is pioneer of the
concept of competitive strategy, a business must analyze
the sector before developing a competitive strategy and
determine a strategy that is appropriate for that sector.
Thus, the firm will gain a position in which it will be able
to protect itself against its competitors in the sector. The
firms' acquisition of this opportunity is called position
approach, industry-based approach and opportunity
approach.

Contrary to Porter's opinion about strategies [6], a
resource-based view explaining the situation in which
firms aim to gain competitive advantage by focusing on
their own internal structures and their own resources and
capabilities rather than focusing on the sector has emerged
[1].

The resource-based view aims firms to determine their
own resources and capabilities. In this respect, when
compared to the resources that are not in the hands of their
competitors, the current situation will provide competitive
advantage to the firms.

Looking at the opportunity-based approach, we face the
fact that firms must first analyze the sector they are in and
they must pay attention to it when determining their
strategies in order to gain competitive advantage.

Among these two different approaches, in order to
examine the Turkish construction firms in this study, the
Resource-Based Theory (RBT) was preferred. In this
context, while the resource-based theory was constituting
the basis of the study, the BIM system and tools were
selected as a resource for the Turkish construction firms
and the firms were asked about their opinions on this
resource.

The purposes of this study can be summarized in three
items;

1. The fact that RBT is of great importance that
can provide benefit for Turkish construction
firms when the current strategies and resource
selection criteria are examined

2. Listing the most important or strategically
defined resources of the firms in line with the
answers obtained from the interviews conducted
with the construction firms. Matching the
resources with the VRIO criteria and production

of the best resource alternatives or combinations
with ANP technique.

3. Examination of whether the BIM system and its
tools are a strategic source for Turkish
construction firms or not.

The results obtained in line with these purposes will be
beneficial in the future studies in terms of the key
performance indicators and related measurements by
listing the result of an original resource selection in
construction firms.

2. Background

Edith Penrose (1950) and other researchers [4], [5], [6],
[71, [11], have defended for years that in order for firms to
grow and develop in an organizational sense, the current
situation analysis should be done, industry analysis should
be done and strategies should be focused on. Porter
initially advised the opportunity-based approach that
suggested focusing on market conditions and the
environment [6]; later, by combining it with the firm's own
structure, he has started to advocate SWOT analysis.
While revealing the strengths and weaknesses of the firm,
Porter has also foreseen to consider the opportunities and
threats that the sectoral conditions, in which the firm is
located, present. In addition, Porter evaluated the
performance of the firms in terms of competitive insights
by taking into account their product and sector structures
and the market position they were in [6].

In the late 1980s, Jay Barney stated that the conditions
required to gain firm performance and competitive
advantage were associated with the firm resources and
capabilities. If the resources are the building blocks of the
firms, it is necessary to look at the internal structure of the
firms in order to identify a resource [1]. By determining
objectives for resources and capabilities such as being a
valuable resource, being a rare resource, and not being
imitated, this strategy, which is described as the resource-
based view, has defined the firm as an organizational
structure. On the other side, when the resource-based view
was considered as a theory, a tool that evaluates the
resources emerged. This tool, which is known as the
acronym VRIO (V=Valuable, R=Rare, I=Inimitable,
O=Organization), divides resources and capabilities into
stages step-by-step in order to gain competitive advantage.
If a resource meets all the criteria, it means that
competitive advantage has been achieved. Sustainability
of this depends on structure of the organization and its
capability.

All the resources of a firm are more than its strategic
resources [2],[3],[12]. Therefore, the protection of
resources' strategic resource characteristics depends on the
firm's efforts and organizational competence. Barney
defines resources as ‘“everything, such as all assets,
abilities, competencies, organizational processes, firm
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characteristics, knowledge, and know-how, that can be
controlled by the firm and that provides efficacy and
allows them to use strategies providing efficiency.”[3] This
opinion is a strategic solution that makes firms to gain a
competitive advantage. Here, another issue to be known is
that many of the strategic resources are specific to the firm
and the firm must be able to establish communication with
these resources at the highest level and keep the resources
up to date according to the current circumstances and
requirements of time. In order to do this, the firm needs to
consider the official business processes and production
functions together with their strategic resources. Protective
measures are essential for the characteristics of the
resources. These measures are provided by isolation
mechanisms [3].

Considering the same resource selection criteria for
construction firms, the resources and capabilities that the
firm has in the current situation should be determined, and
it should be understood which resources are defined as
strategic resources.

3. Methodology

This study begins with a literature review explaining
RBT and previous assumptions about competitive
strategies. In the context of this research, a face to face
interview study was held to determine the resources that
might be possessed by Turkish construction firms, whether
they had BIM system and tools or they might just aim to
establish this system only for using BIM based software.
During this research, the evaluation of the resources was
done by applying Analytical Network Process (ANP)
method in order to construct a logical hierarchy with the
definition of the aim, criteria and alternatives. Again, the
purpose of the research is connected to that hierarchy and
it is questioning the best strategic resource or resource
groups in connection with BIM.

It was decided that the best method for this evaluation
was the ANP method because this study is a unique study
combining ANP method with RBT in the perspective of
the construction sector and its actual resources. Moreover,
VRIO tool, which is related to RBT, will be a guide in
providing competitive advantage by choosing the best
resource alternatives specifically to each construction firm
in line with the firm’s strategy.

3.1 Decision-Making Process

Data for this research were collected through a survey
study that lasted for two years. A total of 41 Turkish
construction firms, which were listed in the top 250
contractors list of the ENR 2015 report, constituted the
units of analysis of this study.

Comparing to all firms, it was seen that just 10 firms
were using BIM system or at least its tools. In order to
measure the resources as the number or type, 74 potential

construction resources were chosen to ask the
interviewees. This resource list included BIM and its tools.
In addition, within the context of RBT, the VRIO tool that
examined whether their resources were valuable, rare and
inimitable or whether their organizational structure was
capable to use them effectively was explained to the firms.
After the collection of the appropriate data about the
resources of the firms, a logical hierarchy leading to the
decision-making process was able to emerge. Furthermore,
if there are more than one alternatives in the decision
making process, criteria, alternatives and the relations with
the aim should be determined first on the way of
competitive advantage. There are analytical decision-
making methods used for this aim. These are Analytical
Hierarchy Process (AHP) and Analytical Network Process
(ANP). In AHP method, a relative measurement theory
based on the pairwise comparison of the pre-defined
criteria and alternatives is preferred. The logic of this
method includes pairwise comparison matrices showing
the resources as alternatives. In the AHP method, by
preparing pairwise comparison matrices, ratios of
dominance between the two alternatives are determined
via an evaluation based on absolute numbers in the scales
between 1 and 9. On the contrary, using the ANP method,
not only a comparison between tangible resources is made
but also a comparison between intangible resources can be
made by depending on the opinions of knowledgeable and
expert people [15].

In the decision-making process with ANP, the
relationship between factors should also be considered. In
other words, because the solution of the problem is not
only in hierarchical order, but also in the relationship
between the factors, the ANP method provides a more
realistic analysis [8], [9], [10]. Also, the AHP structure is
similar to a one-way communication system, but the ANP
provides more detailed communication including vertical
and horizontal connections.

Network structure provides opportunity to rate and
grade the alternatives as ineffective, low-impact, high-
impact, very high-impact [10]. So, before evaluating the
resources, six main steps used for developing decision-
making model by applying ANP approach should be
defined. Each step of the ANP is described in detail below.

Step 1: Definition of the decision-making problem

Step 2: Identifying relationships

Step 3: Making pairwise comparisons between criteria
and alternatives

Step 4: Calculating consistency

Step 5: Creating super-matrix

Step 6: Determining the best alternative

In this study, the use of ANP method was preferred
because both the tangible resources and the intangible
resources were subjected to pairwise comparisons.
However, AHP builds a hierarchy, creates a one-way
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model and when making the best decision, it uses priority
order for effective factors. Good decision making process
includes some steps such as thinking, planning and
analysis. If the conditions required for gaining competitive
advantage are also added when the evaluation criteria of
resource-based theory are added to the resources selected
with the firm strategy, determining the VRIO criteria as
criteria in the ANP hierarchy is seen reasonable in terms
of creating both the criteria and the matchup of the
resources.

3.2 Resource Based Theory and ANP

As Barney pointed out, RBT aims to identify and
examines resources in a firm as tangible or intangible terms.
Since these resources are different from each other with their
qualifications, quantities and importance levels, there is a
need for an investigation about which resources will benefit
from the competitive strategy that is chosen by the firm. [1],
(21 3]

ANP method was used during this research because it
helps to investigate the selected resources in line with the
survey questions. In order to do that, a total of 30 firms were
visited within 2 years in which surveys were completed
through face to face interviews. Firms were asked about their
strategies and each firm was asked to make a strategic choice
from 74 resources to identify their own 9 sources that they
believed they are effective.

As it is known, the ANP method creates a network and a
vertical hierarchy that are established at the beginning of the
decision making process. Then, a horizontal logical link and
relationship arrows are defined to show the relationships.
Under these circumstances, it is necessary to use the criteria
that ANP provides in order to combine it with RBT, while
aiming to find the resource or resource groups that will
provide competitive advantage.

VRIO, the criteria for the RBT, is a contributing tool at
that phase; starting with the selected resources, the
adjectives of VRIO (valuable, rare, inimitable) may be
used to classify them. Furthermore, each resource may not
be a strategic resource, but it may have a potential to
transform into a strategic resource. VRIO, as it is
mentioned before, evaluates the resources with yes-no
question types. If the resource is valuable, its rarity will be
questioned as a second step. After that, the potential of its
inimitability is important. Finally the organizational
effectiveness related to the usage of the resources will
matter.

3.3 The ANP Model

First of all, as mentioned previously, determining the
problem is the first step of the ANP method. The problem
here is that whether BIM is a strategic resource selected
during the decision-making process or not.

On the other side, the second step is to identify

relationships. The relationships should be defined between
clusters containing alternatives (resources), between
criteria and clusters, and finally between clusters, aim and
criteria. When the aim of the hierarchy is defined as BIM
and if the VRIO criteria and alternatives are determined as
resources, a network hierarchy will have been established
by showing the relationships. VRIO is defined as criteria
of our ANP model and alternatives are defined as
resources of a construction firm.

A notable point in the ANP method is the importance of
criteria. This importance does not affect the importance of
the resources; however, it should not be forgotten that
alternatives can affect the criteria [10]. In the context of
this study, we can say that the VRIO criteria are a
precondition because they are required to establish the
hierarchy and network. Reason of this is that the
alternative cluster comprised of 9 resources belonging to
each criterion actually defines the quality level of
resources that will contribute to the aimed competitive
advantage. For example, in terms of the likelihood of
transforming into a strategic resource and making BIM
strategic resource, there are differences between pairing of
a resource from a valuable resource list with BIM and
pairing an inimitable resource with BIM.

The dependence between nodes (resources) in a cluster
(criteria related to the resource list) is defined as an inner
dependence and the dependence between two clusters is
defined as an outer dependence. The feedback loop is
another term for the ANP method and clusters containing
nodes. The relationship of a cluster with itself creates a
feedback loop. By the way, an ANP model that contains a
feedback structure takes the name of the feedback model.
Thus, clusters can question themselves in a complex
problem [10].

Because the alternative cluster in the subsets (sub-
clusters) also contains dependencies, they must depend on
the highest level (that is the target level) from the lowest
level. Thus, in the decision-making method of ANP,
alternatives and resources can establish a pairwise
comparison matrix. Pairwise comparisons are equal in
terms of number and the scoring status was pre-determined
by questionnaires. The purpose of this was to determine
the level of dominance among alternatives. While the
firms were asked which resources were valuable, rare and
inimitable, they were also asked which resources they used
organically and productively. The real and productive
dominance also show the difference between all resources.
Therefore, the resources listed between 1 and 9 by firms
were evaluated by firms using scales between 1 and 9. The
result of scoring showed the dominance of resources in
pairwise comparisons from the sources that meet the dual
criteria.
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Figure 1. RBT related ANP model with resources.

On the ANP model, the second step is to define
relationships. In the previous section, the relationships
were defined by establishing links between BIM, criteria
and alternatives (resources). On the other side, the third
important step is the requirement to make comparisons by
establishing links between the criteria and alternatives.
The resource lists, which includes BIM system and tools,
shown in Figure 1. were essentially chosen by the authors
by the time Turkish construction firms tended to use them
and these resource lists constitutes the clusters defined in
the literature. Accordingly, these resources in each cluster
are the nodes in terms of terminology. When defining
relationships, it should be noted that the dependence
between nodes in a cluster is defined as inner dependence.
Moreover, the dependence between two clusters is
considered as outer dependence.

Additionally, the feedback loop between the resources
in clusters containing alternatives will also be identified by
the relationship within them. If resources work together in
the same cluster, a feedback is created for each cluster
(Figure 1,2,3,4,5).

A simple pairwise comparison matrix is shown in Table
1. If it is assumed that A is a criterion, a comparison can
be made between the resources defined as R1, R2, and
R3.... In the list of references on the left column, R1 is
scored between 1 and 9. This scoring can be done for all
references. Thereby, this scoring is linked to creating a
pairwise comparison matrix [9].

In addition, there is also a software that uses the ANP
method. Super Decisions 2.6.0-RC1, which is one of those
software, was chosen in order to make resource evaluation
for this research. This software allows to create a resource
priority list after completion of pairwise comparisons. The
resource priority list that is created within this scope and
that contains the BIM system and tools is shown in the
Table 2.

Table 1. Adaptation of the simple pairwise comparison matrix
to the resource selection. [9]
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3.6 Calculation of the Consistency

When making comparisons and scoring are performed
by using the AHP method, the evaluation of the matrices
or written evaluation can be made. No matter what
calculation tool is used, the consistency ratio must be
included in this calculation [19]. In the context of this
study, making the calculation, if “n” is accepted as the
number of criteria, random index numbers should be
defined. Thus, the eigenvalue is defined by A. while the
largest eigenvalue Amax in the created square matrix, the
following equations are used.

Formula used in calculation of the consistency ratio
(CR):
Consistency index (Cl) = (Amax-n) / n-1
Consistency Ratio (CR) = Consistency Index (ClI) /
Random Index (RI)

In this calculation carried out with Super Decisions
software, the consistency ratio was accepted as <0.1.

3.7 Creating a Super matrix

Creating a super matrix is one of the required steps used
to prioritize the resources. Matrix tables divided into three
groups (weighted, non-weighted and limit super matrix)
are prepared [10]. Moreover, the weighted super matrix is
the value that the sum of each column is equal to 1 in the
prepared non-weighted super matrix table [8], [9].

The third and final step is to create a limit matrix by
increasing the intensity of the weighted Super matrix until
its lines change [9], [10]. As a result, for the aim of this
study, basic super matrices and limit matrix tables were
prepared by using Super Decisions 2.6.0-RC1 software.

4. Results and Discussion

The findings of this study indicates that the value of
Turkish construction firm resources with strategically
thinking from the view of RBT. Here, the firm resources
including BIM were been asked to construction experts
and with their comments, an evaluation was tried to be
made. However, a resource and its real value will take
years to understand in an organization, competitive
advantage on the other hand may be gained by the
construction firms which are regarded as the organizations
here, that they should be capable of using their resources
effectively. Moreover, during the time, the technological
changes as innovation in construction industry will also
affect the strategic value of the resources, so according to
the RBT inimitable resources may become a common
resource at some time if the firms do not protect their
resources against the changes that time brings. Today,
BIM system and tools are valuable resources for
construction firms and the outputs that are produced by
project teams, may help these firms to gain competitive
advantage but its sustainability is related to the effort of
the firms. So, construction experts’ comments are
important to protect the strategic position of the resources.

This study discussed and analyzed the potential of BIM
system and tools to become a strategic resource for
Turkish construction firms. In this study, the applied ANP
technique and Super Decisions 2.6.0-RC1 software have
been very effective in comparison of 36 firm resources
used in Turkish construction sector. More importantly, the
RBT, which presents a theoretical background for the
research, and VRIO tool have been paired with the ANP
technique in order to decide the complex resource
selection problem. According to the research findings,
examining the table of priorities, it is figured out that if it
is strategically seen and associated with BIM, the most
effective resource is human resources (in organizational
management) with 41.09 % in the ranking. The other
important resources are financial investments (31.02%),
in-service training (30.91%), organizational structure
(27.21%), firm advertisements (25.69%), firm recognition

(17.93%), protected information (17.64%), created
resources (16.75%), innovation (15.81), Project
Management  (12.59%), performance management

(according to management) (11.17%), and firm's secret
technology (10.87%), respectively, these results also show
the relation with BIM, if the construction firm are able to
match their strategic resources with it.

As a result, the relationship between BIM, strategic
resources and percentage values strengthens the opinion
that BIM is a strategic resource for Turkish construction
firms. Moreover, further research about BIM and other
resources may be considered as performance indicators for
a construction firm.

5. Conclusion

This study is expected to be beneficial both for the
construction industry and for the academia. The results of
this research will facilitate to have the big picture of the
resources evaluation phenomenon in the construction
industry. This is vital since many construction firms had
bankruptcy in 2015 during the research interviews were
held and at that time strategical way of thinking and the
guidance of researchers. Organizations such as
construction firm on the other hand should better tailor
their solutions for themselves with their strategies for
resource choosing criteria. Also, this research will unearth
any possibility of firm resources that may related with
BIM system and tools are able to support the way to gain
competitive advantage from the beginning phase of the
resource selection in construction firms.

Until now, no study has attempted to investigate the
RBT in  construction industry  with  such
comprehensiveness that connected with BIM. With this
research, many researchers will be able to get information
about construction expert ideas about the construction firm
resources. In addition, the effect of RBT on resource
selection might provide a good knowledge on the decision
strategic resource selections.
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Table 2. Priorities of Resources Calculated with Super Decisions 2.6.0-RC1

Priorities Table

Resource Name Normalized By Cluster Limiting

Inimitable (criteria) 0.44570 0.111424
BIM 0.33333 0.083333
Human Resources (O) 0.41097 0.075482
Firm Advertisement 0.25693 0.057135
Firm Education Department 0.30910 0.053600
Financial Investments 0.31022 0.052908
Organizational Structure 0.27219 0.049992
Firm-Protected Information 0.17643 0.039234
Organizational (criteria) 0.13600 0.033999
Firm-Created Resources (1) 0.14702 0.032694
Firm Reputation 0.17931 0.030581
Firm-Created Resources 0.16758 0.029059
Innovation 0.15843 0.027473
Other Sectoral Investments 0.14667 0.025433
Firm-Secret Technology 0.10875 0.024183
Project Management 0.12595 0.021480
Performance Management (O) 0.11173 0.020522
Firm Historical Background 0.11687 0.019932
Firm Publication 0.08140 0.018102
Project Awards 0.06917 0.015381
Patents 0.08298 0.014389
Rare (criteria) 0.05392 0.013481
Lessons Learned 0.05966 0.013268
Technical Office 0.07511 0.012810
Strategy 0.06707 0.012318
Human Resources (1) 0.04821 0.010722
Product Awards 0.04552 0.010123
Firm Culture 0.05504 0.009387
Human Resource (V) 0.05271 0.008990
International Partnership 0.05110 0.008715
Valuable (criteria) 0.03105 0.007762
Strategic Resource Management 0.04207 0.007726
International Production Activities 0.04421 0.007667
Social Responsibility 0.04165 0.007223
International Offices 0.03369 0.005745
Expertise 0.03018 0.005543
Domestic Bids 0.02957 0.005127
Strategic Management Methods 0.02594 0.004765
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In this study, it was aimed to develop alternative prediction models for estimating the compressive
strengths of concrete with different concrete classes and different slump values. An experimental
study based on repetitive vibration application was performed in the laboratory environment and
prediction models were developed on the basis of fuzzy logic with reference to this experimental
study. In the experimental study, the concretes which are in C20 and C35 and have K3, K5
settlement values were produced and determined compressive strengths of the concretes which
hides in suitable conditions after 30 minutes, 60 minutes and 90 minutes, 7 and 28 days,
respectively. Other results are evaluated with considering the 28 day concrete strength of concretes
which once-vibrated. The concrete pressure endurance of the vibration time and its repeated
applications are predicted by the graphical representation of fuzzy logic methods. The compressive
strength values obtained from the prediction models and the compressive strength values of the
experimental data were compared and evaluated. As a result, it is seen that the prediction of the
concrete pressure endurance with the fuzzy model is possible and the fuzzy model is predicted
more accurately to the concrete pressure endurance.

© 2019 Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction

Throughout the world, as building material concrete is being
used most commonly [1]. After its formula prepared
according to its project, since the preparation of the ordered
concrete consists of the stages such as preparation of the
concrete in concrete plants, its transportation to concreting
area, placing them into the molds according to the standards,
it is certain that each of these stages affects the concrete
resistance excessively. The preparation of correctly
formulated concrete in the plant is very practical because it
is made over computer programs today [2]. The ordered
concrete can be produced in large quantities and with
different specifications via fabrication system and can be
reached to the construction site [3].

Today, depending on the developments in ready mixed
concrete technologies, their pressure endurance generally
provides good results. Generally, there is no problem faced

* Corresponding author. Tel.:+90 262 605 1614; Fax: +90 262 653 8495.

with the loss of concrete strength when it is prepared via
special computer programs in the plants and also during its
transportation by horizontal mixers [4]. In addition, due to
the use of high quality pumps in the ready-mixed concrete
sector and employment of skilled technical personnel
human-caused faults are minimized and very good results
are obtained from pressure endurance of the 7 and 28 days
old samples taken from the concrete on the construction site
[5]. The placement of the concrete into the mold, repeated
vibration applications and curing applications seriously
affect the strength of the concrete [6]. Since the
determination of vibration duration and repeated vibration
applications on the concrete are completely dependent on the
human factor, by reason of the fact that these intervals and
applications are not made according to a certain standard are
still seen as a serious problem for the concrete castings in the
working sites [7].
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As a result of these casting deficiencies, it causes the
loss on the concrete strength and the segregations and
deterioration on the concrete surface causes serious quality
losses, repair costs and loss of trust of the client
companies.

A number of up-to-date methods can be applied for
correct placement of the concrete into the molds and
accurate determination of the application limits for
repeated vibration [8]. Fuzzy solutions of engineering
problems, artificial neural networks, genetic algorithms.

By subjecting two different concrete grades that have
two different slump features to a revibration, the models
calculating their compressive strengths have been tried to
be identified and modelled by fuzzy logic methods [10].

Fuzzy logic modeling which has started to be one of the
widely used methods is a new mathematical method that
has been found by L.A. Zadeh in 1965 and called "Fuzzy
Sets". This study of Zadeh L.A. was presented as
published in the magazine named Information and Control
in 1965. Since then, fuzzy cluster theory was quickly
developed by both Zadeh himself and numerous
researchers [11].

2. Fuzzy Logic

Fuzzy Logic is a method used to identify and reveal
unknowns in an existing system. The fuzzy functions
adjust the data at hand to reduce these uncertainties. In
addition, fuzzy logic is also being used for making
decisions easier to control a system [12].

The most significant difference of fuzzy systems
occurs when the inputs are not numerical. The non-digital
data is composed of a blurring unit for blurring by
processing and a clearing unit for digitizing the blurred
output [13].

A common fuzzy inference system has 4 components
as shown in Figure 1. These are fuzzification, rule base,
inference motor and defuzzification [14].

The membership function for each data entered by
fuzzification is transformed into one or more membership
functions. It includes the rules covering all possibilities of
fuzzy relations between inputs and outputs according to
fuzzy rule base. [15].

Opin

Input Fuzzy Rule Base
Data Data

Defuzzifier

Fuzzifier

L 4

1 Fuzzy Inference Base

Fuzzy Input Sets Fuzzy Output Sets

Figure 1. The structure of the fuzzy inference system [15].

These rules are expressed in the form of “if-so” format.
The fuzzy inference motor, takes all fuzzy rules in the
fuzzy rule base and the findings into consideration to be
able to obtain the correct result from the inputs in the
transferred set [16].

2.1. Evaluation of Concrete Grades via Fuzzy Logic
Method

The following experimental study charts Table 1-4 and
Figure 2 are taken from the article [17]. It was taken from
the article study. In this section, two different classes of
concrete have been tried to be constructed with fuzzy logic
method to estimate the repetitive vibration and
compression and compressive strength of two different
concrete classes [18].

2.2. Experimental Study

Effect of first and second vibrations on the
compressive  strength in  comparison with  self-
consolidating concrete was examined on the experiment
samples which are in the quality classes of C20 and C35
and have slump values of K3 and K5 during the
experimental study made in the laboratory environment. In
the experimental studies, PC 42.5 type cement, natural
Sakarya sand as aggregate and crushed stone aggregate
which is also supplied from the same region were used. In
the mixture, 0.8% ratio of plasticizer was used [17].

Mixture granulometry is chosen as to be closer to B32.
The properties of the cement used are shown in Table 1.
The concrete used in the study were C20 and C35 class
concrete which were taken from the production facility and
they were determined in a way that to obtain two different
(K3 and K5) slumps. The compositions of the concrete
produced are given in Table 2 and the slump ratios in Table
3 [17]. One side is 150 mm long cube samples from each
series were produced [19], [20].

Experiments were carried out by taking samples for
three different series for two different concrete grades. For
the C20 class concrete, no vibration was applied to the
concrete during the first sampling, and the settlement was
achieved with its own weight. The concrete in the first
series were subjected to vibration for 30 seconds
immediately after the production. A single vibration was
applied for the second series and for the other samples, a
second vibration was applied for 20 seconds after 30, 60
and 90 minutes [17]. This application was repeated for C35
concrete too in the same way and the figures in Table 4
were obtained.
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Table 1. Properties of the cement used in the experiment (PC Table 3. Fresh concrete features
42.5)
Concrete | Slum Concrete Unit
Chemical Properties Obtained 519 Code (Cm)p Temperature eight
p Values [ EAST | MOST (°C) (kglcmd)
. 20K -11 1 237
Chloride(CI) % 0.0046 C20K3 9 8 370
C20K5 20-22 16 2350
) _SU”L” . 296 C35K3 10 14 2389
Trioxide(SOs) % C35K5 | 22 11 2360
Magnesium 147
Oxide(MgO) % ' Table 4. Pressure test results (MPa)
Lo
Loss of Ignition % 1.28 Concrets K3 K5
Insoluble Solids % 0.30 Consistency Slump(h)=100 Slump(h)=200
C:A % - - - mm mm
7 7
2 C3A + C,AF % R - - Concrete Age Days 28 Days Days 28 Days
PHYSICAL Concrete Code ” 79C0mp£«;s§|l/e Strleg%T MP;\()5 —
PROPERTIES A C20-0 (60) (67) (59) (83)
Volume Expansion B co0-vo | 2904 3822 | 2594 | 3139
(mm) 00 I (76) | (00) | (83) | (100)
— 29.82 40.44 | 28.84 38.09
C20-V30
Specific /S“rface 3508 2800 - (78) | (105) | (92) | (121)
_(m/gr) c | cooveo | 3192 | 40.33 [2067 | 38384
Initial Setting 03:00 | 01:00 | 10:00 (84) | (106) | (95) | (124)
(hour:min) C20-V90 29.80 3821 | 29.34 36.78
End of the Setting 04:00 (78) (100) (93) (117)
(hour:min) ) ) ) A C35-0 2540 | 3842 | 2248 | 3270
Pressure Endurance 216 20.0 ] (56) (85) (66) (95)
for 2 days (MPa) : . B C35-V0 39.18 45.00 | 26.00 34.25
P Endurance (87) (100) (76) (100)
ressure 37.0 315 - £35-V30 35.37 46.97 | 27.30 39.74
for 7 days (MPa) (79) | (104) | (80) | (116)
Pressure Endurance 37.87 48.02 23.47 34.84
- C C35-V60
for 28 days (MPa) 519 425 (84) | (107) | (68) | (102)
C35-V90 37.54 4331 | 27.58 36.84
(83) (96) (80) (108)
*Percentage of single vibration to the 28-day value of the series and
Table 2. Concrete composition given in parentheses.
o 2 £ 50
(<5} ™ o m& E g & —_—
3 £ £ i= > > g2 = [
O | 2| 5| = = 5 < m
i) - X = - = R 1S .
s | S |ls|=| ¢ | 3|38 Tl = ——
2 = S| 3 S S = g | | — T
S| 8|=|°| 2| a| & | & Ll i
@ | o 7 = 30 +— — -
©20- | 310 | 170 | 912 | 580 | 400 | 2500 | 055 = o | =
K3 20 - — | — —
Clgg 298 | 190 | 900 | 570 390 2500 | 0.64
10 4 — — — —
C35- 2 213 5 2 2
K3 390 | 180 | 770 | 515 530 3150 | 0.46 112(3]4|5 112345 1 2f 3 4|5 [1]2]|3(4]|3
0
%> | 378 | 205 | 755 | 500 | 518 | 3150 | 0.54 IEER | GRS ERBES S ERSES

Figure 2. Uniaxial pressure test result changes on compressive

strengths in 7 and 28 days as a result of vibration.
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2.3. Effect Model of Effective and Repeated Vibration on
the Concrete Pressure Endurance Values with Fuzzy
Method (EMECSEM).

In this study, use of fuzzy logic in evaluating the effect
of effective and repetitive vibration on the concrete
pressure endurance has been examined by developing a
model that allows the observation of more and qualitative
results with diversification of related factors and classes of
concrete grade, revibration and slump grades apart from
the literature [21]. Thus, with the fuzzy logic model, a
decision support system will be provided to be able to
develop the limit value that can be obtained according to
strength results based on the project sizes and risk-related
strategies for determining the variations according to
strength values and possible project changes.

Determining Concrete Grades

Y

Determining Concrete
Slump Values

'

Determining the Number of
Revibration and Duration

Y

Determining Concrete P Experimental
Strenath Results Result
Generating Membership
Functions and
Fuzzification the Inputs
Determining
‘l’ Strength
Determining Concrete Grade
Strength Grades € According to
Content of the
‘1’ Study

Application of Fuzzy
Interference System

v

Application of Defuzzification

v

Evaluation of Concrete
Strength According to the

Figure 3. (EMECSEM) process steps of effect model to the
concrete pressure endurance values with fuzzy method.

In Figure 3, the steps of the processes applied in the
development of the fuzzy strength effect model
(EMECSEM) are shown. The structure of the mamdani
fuzzy inference system in the generated fuzzy system,
determination of the concrete strength values is realizing
at four steps according to the sequence of the flow chart
given. The first stage is determination of membership
functions based on the values such as concrete, slump, the
number of revibration and fuzzification the inputs and
determination of the concrete strengths obtained by the
experiment. The second stage is determining concrete
strength grades with reference to the strength values
obtained by the experiment and application of the fuzzy
inference system. The third phase is defuzzify process. The
fourth stage is the evaluation of the concrete strength
against the results.

Strength value results related to the variables defined in
the studies in which the experimental results were obtained
previously were taken and recorded. According to these
results, the strength values according to different slump
values and revibration applications of different concrete
classes are given in Figure 2.

The values to be used in the model are defined in the
experiment and their classifications are made. Strength
values defined according to the experiment results were
determined by simplifying them in a graphical system.

In the first stage of the EMECSEM, concrete grade
defined in the model, slump grade, revibration and number
of revibration, membership functions for experimental
strength values and their fuzzy sets determined and fuzzy
rules were generated and fuzzification and defuzzification
methods were defined for digitizing the value of strength
value obtained.

2.4. Determination of Fuzzy Membership Functions and
Fuzzification of the Inputs

The grades of the strength factors that are forming the
model inputs are mostly numerical values. For this reason,
numerically expressed values must be represented by
fuzzy subsets and membership functions in order to be
defined in the fuzzy system. Fuzzy subset ranges and
membership functions were determined by examining the
experimental results.

In this modeling, fuzzy subset ranges and membership
functions representing the input and output of the model
were determined with reference to the study named
"Importance of Active Vibration on Concrete Quality"
which is conducted in 2002 by Kemalettin Yilmaz and
Fetullah Canpolat and published in Osmangazi University
Journal of Engineering and Architecture Magazine Issue
XVI.

Fuzzy subset ranges and membership grades used in the
model Concrete grades are seen in Figure 4, slump values
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are seen in Figure 5, vibration durations are seen in Figure
6 and strength values are seen in Figure 7.

.
Membership Function Editor: model021 o O X
File Edit View
FIS Variables Membership function piots Plot points: 181
c20 c35 mfé
YaYs "
IR r

concrete pressure endurance
slump.

repeat time
n ; - o
input variable “concrete”
Current Variable Current Membership Function (click on MF to select)
Name concrete Name 20
e hput e trimf %
Faus 11420 3]
e [14 40]
Display Range [14 40 Help Close | |

Selected variable “concrate” |

Figure 4. Determination of membership function according to
concrete grades

In Figure 4, while determining the membership functions
of concrete grades, C20 and C35 concrete were
determined, and the input values determined as C14, C20,
C35, C40 Concrete class range.

Membership Function Editor: model021 = a X

File Edit View

FIS Variables Membership function plots Plot points: 181
mf1 K3,00 K500 g .
Uiy

concrete pressure endurance

slump
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0 1S 20 25
input variable "slump"
Current Variable Current Membership Function (click on MF to select)
Name slump Name mft
Type input Jype trimf v
Params [-10-1.11e-16 10]
Range 1030]
Display Range [030] Help Close | |

Selected variable "slump” |

Figure 5. Determination of membership function according to
concrete slump values

While determining membership functions according to
slump values in Figure 5, K3:10 cm and K5:20cm slump
values were determined and Input values determined as
mf1:0, K3: 10 cm, K5: 20 cm, mf4: 30 cm concrete slump
grade range.

B Membership Function Editor: model021 - a X

File Edit View
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Display Range {0 100] | Help e I

| Selected variable “repeat_time' I

Figure 6. Determination of membership function of revibration
number and duration

While the membership functions of membership values of
revibration number and duration were being determined in
Figure 6, the values determined as KY (Self-Grooving),
V5, V30, V60, V90 and above 90 and Input values
determined as KY 0 minute, V5: 5 minutes, V30: 30
minutes, V60: 60 minutes, VV90: 90 minutes, above 100-
minute concrete vibration ranges.
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Figure 7. Membership function of concrete endurance values

In Figure 7, when the membership functions of the
concrete strength values are determined, values between
20 MPa, 25 MPa, 30 MPa, 35 MPa, 40 MPa, 45 MPa, 50
MPa have been determined starting from 20 MPa, 25 MPa
- The strength values of 30 MPa are allocated to the range
of 25, 26, 27, 28, 29, 30. The strength values of 30 MPa to
35 MPa are allocated to the range of 30, 31, 32, 33, 34, 35.
35 MPa - 40 MPa strength values are assigned to the range
of 35, 36, 37, 38, 39, 40. 40 MPa — Strength values of 45
MPa are allocated to the definition range of 40, 41, 42, 43,

052
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44, 45, 45 MPa - Strength values of 50 MPa are allocated
to the identification range of 45, 46, 47, 48, 49, 50.

2.5. Composing Fuzzy Rule Base (Preparing Fuzzy
Systems)

For the creation of EMECSEM fuzzy systems; the rules
which are stated as IF-THEN type were determined by
using the figures close to the strength values which were
determined via concrete grade, concrete slump values,
revibration values experiment results which constitute the
inputs. This is collated with the rules and operator. These
rules are defined as "rule base". In Figure 8 and Figure 9,
fuzzy outputs were obtained via combining the rules which
were written by using the Fuzzy rule base and according
to Mamdani fuzzy interference system.

Fuzzy Outputs were obtained through combining the
rules mixed by using fuzzy rule base according to
Mamdani fuzzy inference system. For defuzzification on
the outputs which were obtained as fuzzy, "center of
gravity" method was used and strength values were
determined.

2.6. Application of Defuzzification Process

According to the rules written by using the fuzzy rule base,
the strength tables which can be read according to the
functions and different variations emerged depending on
the fuzzification are shown in Figure 10.
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Figure 8. (EMECSEM) Structure of the effect system on
concrete strength values with fuzzy method
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3. Conclusions

In the study, C20 and C35 fresh concrete samples were
subjected to revibrations at K3 and K5 slump values and
with 0, 5, 30, 60, 90 min intervals. As a result of
revibration applications, their fuzzy logic models are
created. Obtained conclusions are listed below:

A fuzzy logic model is created for revibrations
using graphical representation.

The data in which modeling was obtained with
Fuzzy Logic and Pressure Endurance results
obtained through experiments were evaluated
comparatively. It is believed that this decrease in
Pressure Endurance after 60 min of excessive
vibration is due to segregation. According to the
fuzzy logic model, the error rate was seen as 5-6%.
With this study, results for no-data values can be
found. Computers can make a faster calculation for
this method.

Especially when it comes to the large-budget
projects (depending on static calculations, by
considering various desired Pressure Endurance
and different grades of concrete formulas, different
water ratios, different slump values, repetitive
vibration applications with different durations,
different concrete grates etc.), considering the
preparation of appropriate concrete formulas
through using fuzzy logic method will provide a
great ease.

Fuzzy logic will expand technical personnel's
horizon in terms of preparing different formulas in
the construction as well as provide serious
economic gains thanks to different formulas
obtained for different sections of the construction.
With this study, clarification of the limits of
effective vibration application for accurate concrete
casting by the help of fuzzy method will provide
serious contributions to architects and engineers in
terms of proceeding in line with the work schedule
and eliminating repair and correcting costs.
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The production of Portland cement, resulting in the release of CO2 gas, excessive energy and
natural resource consumption, has led to search for alternative materials with similar physical
and mechanical properties to the Portland cement of the scientific community. Geopolymers as
alternative to conventional cement have a great potential for use in terms of their mechanical and
durability properties. For this reason, it is necessary to investigate the usability of a new material
alternative to cement, to reduce the environmental impact and for the disposal of Electric Arc
Furnace Slag (EAFS), which is produced in large quantities in the primary target world and in
Turkey and which causes storage space bottleneck. For this purpose, the mechanical and
microstructure of the activated EAFS exposed to different curing conditions at three different
sodium concentrations with a silicate module was investigated. When the results are examined, it
is obvious that the strength increases with the increase of the sodium concentration. In addition,

the literature on which alkali activation of EAFS has been added for the first time.

© 2019 Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction

Cement based materials are the most used materials in
the construction sector. The need for cement increased as
the need for construction increased. Hence, harmony with
nature has been among the priorities of scientists. The
release of CO, gas, excess energy and natural resource
consumption resulting in the production of Portland
cement led to the search for alternative materials with
similar physical and mechanical properties to the
Portland cement of the scientific community [1]. One of
the ways of producing eco-friendly concrete or mortar
has been proposed by researchers to reduce the use of
Portland cement and the active use of by-products
pozzolan [2].

Geopolymers or alkali activated Cementituos alkenes
are the products of the reactions between solutions with
high alkalinities and aluminum silicates [3]. Activated
geopolymers have a great potential for use as an
alternative to conventional cement in terms of their

* Corresponding author. Tel.: +0326 613 56 00-4229; Fax: +0326 613 56 13.

mechanical and durability properties. In particular, they
exhibited against harsh environmental conditions and
have increased their usefulness and environmental
benefits as well as their resistance against fire and acid
attack. For this reason, aluminum silicates such as
metakaolin, slag, fly ash and clay, and pozzolans such as
zeolite have been extensively studied as different forms
of geopolymers.

Development of compressive strength in the alkali
activated blast-furnace slags is possible and the same
process can be applied in different additives lime, fly ash
and sodium sulphate. Douglas expressed that
compressive strength test values of slag mortars showed
the slag is potential as a replacement material for
ordinary cement concrete [4].

Hydration mechanism and strength gain mechanism of
alkali activation of ground granulated blast furnace slag
with sodium silicate forms clinker-free binders, with high
and early strength development. Due to alkali compound
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of solution setting times were shorter than ordinary
cement binder. Three important stages are exist and
determined by using isothermal calorimetry. These stages
are wetting, gelation of activator and bulk reaction
between slag and alkali activator. When looking at the
results of X-ray diffraction analysis it is seen that no
crystalline products occurred. Also hydration mechanism
was investigated by scanning electron microscopy and it
is specified that a gel structure filled the initially water-
filled space, and gradually make the structure denser as
reaction proceeded [5,6].

The primary objective of this study is to develop an
alternative method for disposal of slag to use of an
alternative material for a new environmental impact
reduction and cement material which is produced in large
quantities in the world and Turkey, EAFS, causing a huge
storage problem. For this purpose, mortar specimens are
produced to investigate the mechanical and
microstructure of the activated EAFS cement subjected to
different curing conditions in three different sodium
concentrations in a silicate module.

2. Experimental Study
2.1. Materials

EAFS, Sodium hydroxide (NaOH), Sodium silicate
(NazSiOs) solution and fine natural crushed stone aggregate
were used for alkali activated EAFS mortars. The Na;SiOs
solution contained 8.52% NayO, 27.09% SiO, and 64.39%
H20O. The properties of the sodium silicate and sodium
hydroxide are given in Tables 1 and 2. The maximum
particle size distribution of the agglomerate used is 4 mm,
fineness modulus and specific gravity are 2.65 and 2.6
g/cm?®, respectively.

Table 1. Chemical and physical properties of sodium silicate

Chemical and physical properties Analysis (%)
(Si02/Na20) 3.19

Be (at 20 °C) 394

Specific gravity (20 °C g/cm?®) 1.373

Naz0 (%) 8.52

SiO2 (%) 27.09

Table 2. Chemical and physical properties of sodium silicate

Chemical and physical properties Unit Analysis (%)
(NaOH) g/kg >990
(Na2COs) g/kg <4
(Naz2S04) mg/kg | <80
(NaCl) mg/kg | <200
(Fe) mg/kg | <10
(Hg) mg/kg | <0.1
(Pb) mg/kg | <0.5
(Sh) mg/kg | <5
(Se) mg/kg | <5
(Ni) mg/kg | <2

The used EAFS is taken from Iskenderun Tosgelik
Corporation. 500 kg EAFS is grinded through steel mills
until reaching grain size of -45 um. After grinding, the
metals were separated from the product using magnetic
separators (around 150 kg of metal was drawn from 500 kg
of product). The final product has a specific gravity of 3.98
glcms, a blaine value of 2600 g/cmz, and also chemical
analysis result is shown in Table 3.

Table 3. Chemical composition of EAFS

Component | FeO Fe:0z | SiO2 | CaO Al203

% 14.22 17.02 17.04 | 3342 | 11573

Component | MgO MnO K20 TiO2 | Na2O

% 7.62 2.45 0.03 0.04 0.18
2.2. Mix Design

Twelve different test specimens were prepared to
determine if EAFS cement was to be activated,;

* The silicate module (SM) is selected as 1.

* The curing temperature (CT) is 40 ° C.

* Cure time (CTm) is 6 and 12 hours.

* Cured atmospheric moisture (AM) is 48% and 98%.
* Sodium concentrations (SC) are 4%, 6% and 8%.

+ Samples were tested 28 days after curing.

In all test samples, the EAFS : Alkali solution: Aggregate
ratio was kept constant at 1: 2.75: 0.485 by mass. Table 4
gives the mix design details. A gradually accelerating
concrete mixer was used for the mixture. Mixing fine
aggregate and EAFS was poured and dry mixing started,
followed by dissolving sodium hydroxide in sodium silicate
solution. Since the solution is exothermic, after waiting for
cooling, the solution is poured in water and mixing process
is continued. After a certain flowability is observed, the
mixture is poured into prism molds (40x40x160 mmd).

Table 4. Design parameters of alkali activated EAFS mortar

cT AM | ctm | COMP | mix
SM. °C) SC (%) (h) str. No
0 (MPa)
45 6 138 | M1
A 12 156 | M2
o 6 124 | M3
12 306 | M4
6 10,75 | M5
45
. " 6 12 10,38 | M6
0 6 9,55 M7
12 984 | M8
5 6 886 | M9
o 12 750 | MI10
o8 6 675 | M1l
12 10,19 M12
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After 24 hours the molds were demolded, the samples were
removed and stayed at room temperature for 28 days after
curing for 6 and 12 hours at 48 and 98% humidity with the
help of climatic test cabinet, at 40 © C. Mechanical tests
were applied and then the microstructure analysis were
examined.

2.3. Test Method

Compressive strength tests were carried out on
40x40x40 mm? cubic samples with a press machine with
a pressure capacity of 2500 kN. The test procedure was
carried out in accordance with ASTM C349.

JEOL JSM-5610LV model equipment was used for
Scanning  Electron  Microscopy (SEM) analysis.
Acceleration voltage of the device: 0.1 ~ 30 kV;
resolution at high vacuum mode of 5.0 nm; acceleration
voltage 30 kV, WD 6 mm; magnification X25 -
X300,000; the probe current is from 1 pA to 1 pA.

Mineralogical phase analysis was carried out parallel to
the operation of the optical microscope. EAFS material
and alkali activated EAFS samples were analyzed using
Rigaku SmartLab model equipment. X-ray diffraction
(XRD) analyzes were performed using computer
controlled Rigaku-SmartLab ranging from 5 ° to 90 °
with Cu Ka radiation (40 kV, 30mA) and 26 angles.

3. Results and Discussion

In Figure 1, the compressive strength values of different
samples are given. As can be seen from the trend in
figure 1, the increase in sodium concentration caused an
increase in compressive strength. In addition, it can be
said that the curing time is increased from 6 hours to 12
hours and the humidity of the environment (RH) is 98%
humidity from the room conditions, it has a positive
effect on the compressive strength.

12.00
1075 4000 1019

. 955 984
) 3.06

. 138 1iE 124 I

0.00 I I

10.50

Compressive strength (MPa)
A2 o e, o
g 8 8 8
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‘ ‘ 7.50

Ml M2 M3 M4 M5 Mé M7 M8 M9 M10M11Mi2
Mix No

Figure 1. Compressive Strength Values of Alkali Activated EAFS
Mortars

Figure 2 shows SEM images of grinded EAFS and
activated EAFS (M1). As can be clearly understood, the
activation reaction was successfully carried out, and a
condensed structure was observed. Figure 3 shows the
XRD analysis results of milled EAFS and activated EAFS
(M1). When the chemical analysis results are taken into
consideration, it is seen that CaCO; is formed as a
significant hydration product. Therefore it is considered that
the subsequent formation of Ca 2* ions from the EAFS and
OH ions from the alkaline activator to form Ca(OH); as the
reaction result in the formation of CaCOs, which reacts with
free CO; in the atmosphere.

a) SEM image of EAFS
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b) SEM image of Alkali activated EAFS mortar

Figure 2. SEM images of EAFS nad alkali activated EAFS
mortar

If the concentration of Na(OH), in the mixture is low,
the strength values are not high enough. Increasing the
Na(OH), concentration up to a certain level causes an
increase in the strength. In Chi’s research, the mechanical
properties and durability performance of alkali activated
slag concrete improved with an increase in the Na,O
dosage and cured at relative humidity of 80% and curing
temperature of 60 °C. The specimens has the superior
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performance with respect to air and saturated limewater
curing. Excessive amount of OH" ion in the mixture
causes excessive production of the Ca(OH). compound,
which surrounds the EAFS and reduces the amount of
Ca?* soluble in the sludge. This means that the C-A-S-H
gel formed after the reaction with Si** and AP * ions is
less than necessary. At the end of, there is an internal
structure that does not provide the necessary conditions in
terms of strength [7,8].
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b) XRD analysis of alkali activated EAFS mortar

Figure 3. XRD analysis of EAFS and alkali activated EAFS
mortar

3. Conclusion

In the present work, EAFS was activated with sodium
hydroxide and sodium silicate solutions and mortar
samples were produced. Constant silicate modules as 1,
and curing temperature (40°C), three different sodium
concentrations (4%, 6% and 8%) for this silicate module
and curing temperature were used to determine the effect
of different parameters on the behavior of the alkali
activated mortar samples in two different relative
humidity environments (45% and 98%). The samples

were cured two different curing times (6 and 12 hours)
for each relative humidity value. The samples were
leaved in an open atmosphere at room temperature for 28
days in laboratory conditions. The results were observed
as follows;

1) The mortar sample, labeled M5, achieved the best
strength behavior due to the optimum sodium
concentration. The highest compressive strength is
obtained with silicate modulus, sodium concentration,
relative humidity, curing temperature and duration of
cure are respectively; 1, 6%, 45%, 40°C and 6 hours.

2) When microstructure analysis (SEM) is examined, a
gel is produced as a product of the chemical reactions
between EAFS and alkali activators, and it appears that it
forms a denser microstructure which is the main factor
that influences the development of strength. In addition,
(XRD) showed that amorphous phase structure was
observed in alkali activated mortar samples.

3) It is important to mention that the alkali activation of
EAFS was carried out for the first time in this study.
Thus, a new area of use has been introduced in the
literature to use EAFS, which is in a waste material
condition, as binding material.

Nomenclature

SM : Silicate modulus

CT : Curing temperature

CTm : Curing time

AM : Atmospheric moisture

SC : Sodium concentration
EAFS : Electrical arc furnace slag
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Contamination on cotton fibers is one of the most important problems that shows itself on yarn
and fabric. Contamination usually consists of plant leafs, parts, etc. on the cotton and this situation
occurs during the harvesting and transporting. Also contamination occurs by bale pieces such as
burlap, nylon and polypropylene residues. Developed technologies are using for selection of the
foreign material in blowroom and bobbin processes, but it is not possible to completely remove
the foreign material from the yarn. In general, the amount of foreign material in the local cotton is
more than the US cotton. In this study, yarn production is made in the same specifications with
local and US cotton, then yarn foreign material cuttings on bobbin machine and yarn quality values
are compared. According to the results, it is seen that yarns produced by US cotton have less
contamination than the yarns produced by local cotton. With this situation it is determined that,
despite less contamination, yarn technical values of US cotton is worse than local cotton.

© 2019 Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1.Introduction

Cotton is one of the most favorable and widely used
fiber because of its many positive attributes and naturality.
One of the most important problems that seen in yarns
made from cotton fiber is amount of foreign material that
yarns contain.

Foreign material or in other word is contamination, is an
important problem that causes many yarn and fabric defects.
This situation is one of the major problems of cotton yarn
manufacturing. Foreign material causes yarn breaking and
causes low level of dye penetration. Nowadays foreign
materials on fiber and yarn are cleaned in the blowroom and
bobbin machines in spinning mills, but it is not possible to
clean completely foreign material from the yarn.

Contamination usually occurs during the harvesting,
packaging and storaging of cotton fiber. The parts of the
cotton plant do not cause contamination. However foreign
materials that causes contamination such as fabric pieces that
are mixed into during hand picking of the cotton or another
materials that involved during ginning. Besides; packing,
pieces of baling like burlap, polypropylene and nylon are
also causes impurity.

* Corresponding author. Tel.: +90 342 337 11 37; Fax: +90 342 337 11 38.

Genger O. et al. researched that, despite the high volume
of cotton production in Turkey, there are problems that affect
cotton production negatively and these problems need to be
solved. These problems are summarized as, problems related
to politics; high production costs of cotton plant raising;
problems in cotton varieties, seeds and production
techniques; cotton harvesting, ginning and foreign material
problems; issues in cotton standardization system;
inadequate training on cotton production and processing
technique; inadequacy of communication and cooperation
between cotton-related sectors [1].

One of the biggest problems observed in cotton produced
in Turkey is the amount of contamination. A research by
Kaya H. et al. is indicated that spinning mills use local cotton
have a number of problems in different percentages. 47% of
them have contamination, 28% of them have
unstandardization (inhomogeneous balls, unknown fiber
properties, and etc), 23% of them have fiber quality
properties (low tensile strength, coarse micronaire values,
low maturity values, nep and high ratio of short fiber content)
and 2% of them have of high cost disadvantage. In the same
study, types of contamination were examined and indicated
that 48% of them contains foreign material (jute,
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polypropylene, pieces of coloured clothing), 37% of them
contains organic based foreign materials (plant leafs,
particles, etc.) and 15% of them have metal pieces (wire,
pieces of equipment) as an important contamination material
[2].

A research of ITMF (International Textile
Manufacturers Federation) indicated that the highest
contamination is seen in regions of India, Nigeria,
Zimbabwe, China and Turkey. The regions that produced
the cleanest raw cotton are the USA (Texas, Arizona,
Pima, Memphis and California), Syria, Benin, Brazil,
Spain, Argentina, Greece and Australia [3].

Yarn producers prefer US cotton because of the fact that
the harvest is made by machine in US and the low level of
contamination is guaranteed by the producers. Yarns
produced by US cotton contain less synthetic foreign
material like nylon and polypropylene and coloured
foreign fiber than local cotton produced in Turkey
especially in South Eastern Anatolia Region. This study is
made for comparison of contamination of yarns produced
by local and US cotton.

2. Foreign Material

Foreign materials are visually checked and sorted by the
worker, moreover they are sorted out by machines like
Truetzschler SP-F, SP-PU and Uster Jossi Vision in the
blowroom. Despite this, it can not be cleaned completely and
foreign materials can reach to the yarn. Figure 1 shows
samples of coloured foreign materials reaching from the
blowroom cleaning line to the yarn.

Foreign materials can be classified as vegetable particles,
baling materials and trash (Figure 2 and Figure 3).
Vegetable particles:

- Generally in short length range,

- Indensity spectrum from low to high,

- Can be cleaned after processes like bleaching, so it
is not necessary to be cleaned in yarn process.

Foreign fibers and baling materials:
- Spread to the entire spectrum, regardless of
length and density,
- Have to be cleaned as soon as when they exceed
the limits of disturbing foreign material.

- Generally long and rarely contains more faults,
- Must be removed at the relevant cleaning limits

[4].

Foreign
matters

in bales

T Yarn

Ring

Opening and Cutdi D
‘arding —»Drawing —» .

cleaning line

Figure 1. Foreign materials at different stages of the spinning
process [5]

Vegetable Foreign fibers
particles and baling materials Trash
-

Foreign matter distribution (%)

Foreign matter length (cm)

Figure 2. Distribution of foreign fibers on a cotton yarn [4]

Vegetable foreign materials can be removed from the
fabric by the bleaching process. In Figure 4, various
vegetable foreign material samples are seen on the raw
fabric and after pre bleaching process.

Foreign materials can be coloured or synthetic origin
(such as nylon, polypropylene). In the case of coloured
foreign materials are not to be separated from the yarn,
they can appear especially in bleached and light coloured
fabrics. Synthetic foreign materials such as polypropylene
have a colourless structure. Because of this situation, it is
very difficult to remove synthetic foreign material from
yarn. They do not absorb dyestuff during dyeing, so there
will be uncoloured places on the fabric.
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Figure 3. Foreign material types [5]
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Figure 4. Foreign material images on raw fabric and bleached
fabric [5]

On bobbin machine, foreign materials are classified as
foreign dark matter, foreign light matter and
polypropylene foreign matter. Foreign dark matters are
selected from light coloured yarns; foreign light matters
are selected from dark coloured yarns. Synthetic foreign
materials like polypropylene are cleaned by a separate
channel.

In Turkey, during the collection of cotton, many cloth
pieces which cause foreign material can be mixed into the
collected cotton. These coloured foreign materials are
sliced in to very small pieces during the yarn production
process, in the case of not being extracted in the blowroom.
In bobbin machines, yarns are cleaned by yarn cleaning
systems like Uster, Loepfe. When the amount of foreign
material is too much and effective cleaning setting cannot
be setted, the foreign material fault cannot be removed
from the yarn. In Figure 5, non-removable coloured
foreign materials are seen on the fabric. The same situation
is observed on uncoloured synthetic foreign materials such
as polypropylene and nylon. These synthetic foreign
materials are sliced in to very small pieces up to the yarn,
in the case of not being extracted in the blowroom. When
the amount of synthetic foreign material is too much and
effective cleaning setting cannot be setted, the synthetic
foreign material fault cannot be removed from the yarn. In
Figure 6, these non-removable synthetic uncoloured
foreign materials are seen on the fabric.

Yarn producers in Turkey prefer US cotton especially
for foreign material guaranteed orders, because of the low
content of foreign material in US cotton.

Figure 5. A disturbing coloured foreign material sample on
knitted fabric [5]

Figure 6. A disturbing polypropylene foreign material sample
on knitted fabric [5]

3. Material Method

In this study, combed yarns were produced by using
Diyarbakir local cotton and US cotton. The yarn samples
were produced by ring spinning frame with the yarn
number of Ne 40 and yarn twist multiplier (ae) was 3,7.
Yarns were bobbinned with same cutting settings in the
Uster Quantum 3 cleaning system. For determining cotton
properties, cotton samples were tested with Uster HVI and
Uster Afis devices. For determining the yarn technical
values, the yarn samples were tested with Uster Tester 4
device. The Uster Tensojet 4 device was used for
determining yarn tensile and yarn elongation.

4. Results and Discussion

According to the results of Uster HVI (Table 1), it was
observed that, spinning consistency index, fiber length,
short fiber index, uniformity index and strength values of
Diyarbakir local cottons are better than those of US
cottons. However the values of trash count and trash area
are worse than those of US cottons. The same situation can
be seen in Table 2, which contains the results of Uster Afis
device. Short fiber content of Diyarbakir local cottons is
lower than that of US cottons. However the amount of dust
and trash count of Diyarbakir local cottons is worse than
those of US cottons.
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In Figure 7, HVI colour grades for American upland
cotton are seen. In this study, green marked area shows US
cotton and red marked area shows Diyarbakir local cotton.
According to results of Table 1 and Figure 7, colour grades
of US cotton is better than Diyarbakir local cotton.

Table 1. Test results of Uster HVI

Diyarbakar local
cotton ABD cotton
SCI 148 137
Micronaire 4.65 414
Length 30.1 29.4
SFI 5.1 7.9
UNF. 83.8 82.3
STR. 33.7 30.7
ELG. 6.2 6.9
C-Grade 31 11-21-31
Rd 76.8 79.0
b+ 8.2 8.9
Trash Count 33 17
Trash Area 0.59 0.18
Table 2. Test results of Uster Afis
Diyarbakir local
cotton ABD cotton

Nep cnt/gr 114 295
Nep [um] 785 678
UQL(w)[mm] 32.0 31.7

L (w)[um] 25.2 25.5

L (n)[mm] 22.2 23.1
SFC (w) 5.4 8.4
SFC (n) 17.2 26.8
Dust cnt/gr 1193 441
Trash Count 129 55

HVI COLOR GRADES FOR AMERICAN UPLAND COTTON

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
LA L Ly LAt LA Lt L L L L A L L
i ) 4
[ WY WHITE HYI COLOR DIAGRAM

! :‘ Y American Upland Cotton
0

L
]
L

Rd (% REFLECTANCE)
T

40 .llllllllIIIIIIllIIl‘llllIlIlIllIIllIllllIllllllllIllllllllllllll'lll

s DECREASING YELLOWNESS s 4.}y s [NCREASING YELLOWNESS s

Figure 7. HVI Colour Grades for American Upland Cotton [6]

In this study, Ne 40 combed cotton yarn was produced
with Diyarbakir local cotton and US cotton. Yarns were
bobbinned with same cutting settings in the Uster
Quantum 3 cleaning system and the results are compared.

Diyarbakir local cotton and US cotton compared by
visually and it is clearly seen that US cotton is more clean
than Diyarbakir local cotton. This situation is parallel to
results of Uster HVI and Uster Afis devices. After cleaning
of yarns on bobbin machine with Uster Quantum 3, the
results of yarn cuttings on 100 km are shown in Table 3. In
this study, it was aimed to compare foreign material of yarn
samples, so in Table 3 only total yarn faults and foreign dark
matter cuttings were given.
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Table 3. Total yarn cuttings and foreign material cuttings on 100 km

YARN TYPE NE 40 COMBED YARN
DIYARBAKIR
BLEND TYPE LOCAL US COTTON
COTTON
Total Yarn Fault
Cuttings 76 48
Foreign Dark
Matter Cuttings 22 15

According to these results, it was observed that the yarns
produced by US cotton blend have less yarn fault and foreign
dark matter cuttings than those of Diyarbakir local cotton
blend. When the foreign materials cleaned from the yarns
were examined, it can be seen that the foreign materials
separated from US cotton yarns are smaller in size than that
of local cotton yarns.

After bobbin processes, the yarns are tested in Uster
Tester 4 and Uster Tensojet 4 devices. Results of these tests
are seen in Table 4.

According to the results of yarn quality tests, it is seen
that the yarns produced by Diyarbakir local cotton have less
yarn imperfection values (total number of thin places -50%,
thick places +50% and neps +200%) than the yarns produced
by US cotton. The tensile strength is evidently high with the
yarns produced by Diyarbakir local cotton.

Table 4. Yarn quality tests

Diyarbakir local us
Ne 40 cotton cotton
CVm% 12.7 13.1
Thin places
-40% / km 83 106
Thin places
-50% / km 2 1
Thick places
35% / km 263 385
Thick places
50% / km 21 31
Nep
200% / km 36 48
Hairiness 3.4 3.7
Tensile strength
cN/tex 20.2 17.8
Breaking
elongation % 4.1 4.4

5. Conclusion

In babbin process, low yarn cuttings are always expected
for the performance of weaving and knitting processes.
According to the yarn cutting results, the yarns produced by
US cotton have less yarn faults and foreign matters than the
yarns produced by Diyarbakir local cotton.

In addition, tensile strength is one of the important property
of yarn. As clearly visible in the results, US cotton yarns have
less tensile strength than local cotton yarns. With this
situation, US cotton yarns have higher thick and nep places.
If the current prices of US and local cotton are compared, it
can be said that US cotton is more expensive than local
cotton.

Despite the worse yarn technical values and the high price,
the low amount of contamination and yarn cuttings in bobbin
process are the reasons for preference of US cotton for
foreign product guaranteed production.
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Iron oxide nanoparticles (I0-NPs) were synthesized via a biosynthesis method using marine
algae Enteromorpha spp. extract as a biological reductant agent in this study. Moreover, the total
phenolic content of Enteromorpha spp. was found as 9.81+ 4.8 mg gallic acid equivalents/g dry
algae. The biosynthesized 10-NPs were characterized by zeta potential, DLS, SEM/EDX, and
FTIR analysis methods and also the formation of 10-NPs was approved with the UV-vis
spectrum. The characteristic surface plasmon resonance (Aspr, M) value showing the formation
of 10-NPs was observed at nearly 410 nm in terms of UV-vis analysis. According to DLS
analysis results, the mean hydrodynamic diameter of 10-NPs was determined as 78.83 nm.
According to SEM results, spherical nanoparticles are formed, and EDX analysis showed that
the signals in the Fe and O elements confirmed the formation 10-NPs. According to FT-IR
analysis results, the formation of 10-NPs was approved by the absorption bands at 599.83, and
475 cm?, which corresponded to the Fe-O stretches of FesOs and Fe20s. Subsequently, the
synthesized 10-NPs were utilized as an adsorbent for the removal of Cu?* from aqueous
solutions. Batch adsorption experiments were conducted to examine the optimum adsorption
environmental conditions and the equilibrium, kinetics, and mass transfer modeling was also
evaluated. The optimum adsorption conditions were found as initial pH 5.0; temperature 35°C,
initial Cu?* concentration 275 mg/L, and adsorbent concentration 0.5 g/L. The experimental
equilibrium data were in the best agreement with Langmuir isotherm model, and the maximum
monolayer coverage capacity of 10-NPs for Cu?* adsorption found to be 188.68 mg/g at
optimum temperature value of 35°C. The adsorption kinetic data were consistent with the pseudo
second order kinetic model, and Weber Morris model showed that both the film (boundary layer)
and intraparticle diffusion affected the adsorption process.

© 2019 Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction

and economic treatment methods are being developed by
researchers. There are commonly used treatment methods

Copper (Il) have been frequently used in several
industries like metal cleaning, paints and pigments, paper
board, fertilizer, plating baths, and wood pulp. So, it is
one of the best known non-biodegradable water
pollutants which are causing serious soil and water
pollution. Moreover, Copper (Il) is extremely toxic and
dangerous for ecosystem, agriculture and human health.

The acceptable discharge limit of copper in industrial
wastewaters is reported as 1.0 mg/L by the US
Environmental Protection Agency [1]. Therefore, to
reduce Cu?* to the standard level, effective, eco-friendly

* Corresponding author. Tel.: +90-324-361-0001/17371; Fax: +90-324-361-0032

for discharging copper ions from wastewaters such as ion
exchange, adsorption, extraction, reverse 0SmMOosis,
coagulation, chemical precipitation, and membrane
filtration techniques. Among them, adsorption is a
frequently-preferred method for heavy metals removal
from the wastewaters due to its simple operation, low
cost, the capability of trace level pollutant removal and
high efficiency [2].

Recently, the usage of metal/metal oxide nanoparticles
as an adsorbent has attracted great attention for treatment
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of various heavy metals. The advantage of these
nanomaterials is high adsorption capacity that is
associated with their large specific surface area and high
reactivity in the adsorption processes [3]. In this respect,
the biosynthesis methods which is environmentally
friendly and do not include dangerous substances in the
synthesis step have begun to gain importance for the
synthesis of metal nanoparticles. Biological methods that
are using enzymes, microorganisms, alga, and plants,
have been used as practicable environmentally-friendly
and safer than other chemical and physical methods
which are risky and expensive [4].

Marine algae are divided into macroalgae and
microalgae. Marine macroalgae, in other word seaweed,
are planted like organisms. They are categorized into
three groups considering their pigmentation as brown
(phaeophytes), red  (rhodophytes), and  green
(chlorophytes) which are located in the marine or
saltwater environment. The latest studies indicated that
marine algae could be used for the synthesis of metal
nanoparticles owing to their phytochemicals. These
phytochemicals include various functional groups such
as; amino, hydroxyl, and carboxyl which could act as
effective metal-reducing agents [4, 5].

The present study aimed to synthesize iron oxide
nanoparticles (IO-NPs) using seaweed Enteromorpha
spp. algal extract as a reducing/capping agent and to
investigate the adsorption of copper (1) ions to 10-NPs.

2. Materials and Methods

2.1 Preparation of Algal Extract from Enteromorpha
spp.

The green algal genus Enteromorpha spp. was picked
up from Mediterranean coastline in Mersin, Turkey.
Specimens of green seaweed were firstly rinsed with tap
water and then washed with pure water. After that, they
were dried in an oven at 60°C for 2 h. For the preparation
of extract, 5 g of the washed and dried algae samples
were boiled in 600 mL of pure water in a beaker under
continuously stirring for 180 min. The prepared extract
was cooled to room temperature, and then the insoluble
fractions and macromolecules were removed by
centrifuging the extract. Finally, the obtained green
colored extract was kept in the refrigerator at +4°C for
the nanoparticle synthesis and the analysis studies.

2.2 Determination of Total Phenolic Content of
Enteromorpha spp. extract

In order to determine the total phenolic content (TFC) of
Enteromorpha spp. extract, the Folin-Ciocalteu
colorimetric method adapted from Slinkard and Singleton
(1977) was applied [6]. According to the method, 100 pL
Folin-Ciocalteu reagent and 1.4 mL of distilled water

were put into 200 pL of the extrac, and the formed
solution was agitated well. After 2 min, 300 puL of
20% (w/v) Na2COs solution was added to the present
solution. Tube content was vortexed again and then left to
wait for 2 h at room temperature in the dark. TFC of the
extract was stated as gallic acid equivalent (ug of gallic
acid/g dry leaf). To determine TFC value, the absorbance
of the blue colored solution was recorded at 765 nm with
UV-Vis spectrophotometer. For this purpose, a
calibration curve (R? = 0.996) was formed firstly at
different concentrations (100 — 700 mg/L) of gallic acid,
and then, TFC value of the extract was observed using
the absorbance values. The results were reported as the
average of three absorbance measurements.

2.3 Synthesis of Iron Oxide Nanoparticles

Iron oxide nanoparticles (IO-NPs) were synthesized
via biosynthesis method by using Enteromorpha spp.
algal extract as a natural reductant/capping agent. The
green colored extract was added drop by drop manually
into 0.1 M FeCls solution in a 1:2 volume ratio at room
temperature and then the color of the yellow solution
turned to brown with the creation of nanoparticles in a
short time. After that, the resulting nanoparticles were
filtered with Whatman # 1 filter paper and dried in an
oven at 80°C for 4 h. IO-NPs were crumbled
homogeneously by handle-mortar and were kept in closed
vessels in a refrigerator at +4°C for further experiments
[7]. Biosynthesized 10-NPs were characterized by
zetasizer (Malvern, UK) using Dynamic Light Scattering
(DLS) technique, zeta potential analyzer (Malvern, UK),
UV-vis spectrophotometer (Specord 210 Plus-Analytic
Jena, Germany), and Fourier Transform Infrared
Spectrometer (FTIR- Perkin Elmer, Shelton).

2.4 Preparation of Cu?* solutions

In order to prepare the stock solution of Cu?* (1.0 g/L),
3.9292 g of CuSO4.5H,0 was dissolved in 1 L of distilled
water. The solutions at different concentrations of Cu?*
(50-500 mg/L) were prepared with required dilutions
from the stock solution. The initial pHs of the solutions
were fixed up to the desired value with 0.1 M solutions of
NaOH and HCI.

2.5 Batch adsorption studies

The experiments of Cu?* ions adsorption onto 10-NPs
were done in a batch system with artificial wastewater.
Two parallel experiments were performed for each
adsorption study. The adsorption experiments were
conducted in 250 mL Erlenmeyer flasks containing 100
mL of adsorbate solution involving Cu?* ions. 0.1 g of
10-NPs was added to 100 mL of Cu?" solution at the
desired initial pH and Cu?* ion concentration. The flasks
were shaken in an agitation vessel at the constant
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temperature for 210 min to achieve adsorption
equilibrium. At foregone time intervals (0.0, 0.5, 2.0, 5.0,
10, 20, 30, 60, 90, 120, 150, 180, and 210 min), the
samples from the adsorption solution were taken and
centrifuged at 4000 rev/min for 3.0 min. For different
environmental conditions such as initial pH, initial Cu?*
ion concentration, adsorbent concentration, and
temperature, the adsorption experiments were repeated
and the experimental data were observed.

2.6 Cu®* analysis

The unadsorbed Cu?* ion concentration in the
supernatant was analyzed spectrophotometrically [1].
1.5 N of 20 mL NHs; solution and 1% (w/v) of 0.2 mL
sodium diethyl di-thio-carbamate solution were put into
1 mL of the supernatant, and it was diluted to 25 mL with
pure water. After the yellow-brown solution formed, it
was analyzed in terms of UV-vis spectrophotometer at
460 nm. The adsorbed Cu?* ion amounts at equilibrium
(ge (mg/g)) and the adsorption percentages (adsorption,
%) were calculated as follows:

0e= (Co-Ce)/ X, (1)
Adsorption percentage (%) = ((Co — Ce) / Co) x 100 (2)

where C, is the initial concentration (mg/L), and C. is the
equilibrium concentration and X, is the adsorbent
concentration (g/L).

3. Results and Discussions
3.1 Characterization of 10-NPs

The effective hydrodynamic diameter distribution of
I0-NPs was analyzed by DLS technique, and the results
were represented in Figure 1. According to Figure 1, the
smallest 10-NPs (58.77 nm) had the distribution of 10.4
% while the single 10-NPs with the effective
hydrodynamic diameter of 78.82 nm were the most
frequent ones (32.7 %). Consequently, the mean diameter
of 10-NPs was determined as 78.83 nm.

The formation of 10-NPs was firstly noted by visual
observation of the color of [IO-NPs-algae extract]
solution, and then the UV-vis spectra of the solution were
recorded against pure water with 1 mm optical path
length quartz cuvette. Accordingly, the color of the
solution altered from yellow to brown with the creation
of nanoparticles due to the surface plasmon resonance
(Aser, Nnm) phenomenon. According to Figure 2, a
characteristic and distinct Aspr value of 10-NPs was
obtained at nearly 410 nm.

The SEM images of the synthesized 10-NPs were
presented in Figure 3(a) and (b) before and after
adsorption, respectively. As seen from Figure 3(a), the
nanoparticles have spherical and porous morphology and
agglomerated. Moreover, the mean hydrodynamic

particle size of IONPs was calculated to be 62 nm by
using the Image J program using randomly selected 50
particles from SEM images. The mean hydrodynamic
diameters of nanoparticles were found a bit higher than
DLS analysis results may be due to the absorption effects
and particle scattering because of agglomeration. After
Cu?* adsorption, as shown in Figure 3(b), a smooth
surface was obtained. The nanoparticles were more
agglomerated, and the pores were closed because of the
adsorption of Cu?* ions onto the surface of the adsorbent.
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Figure 1. The effective hydrodynamic diameter distribution of
10-NPs
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Figure 3. SEM images of 10-NPs (a) before and (b) after
adsorption
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According to EDX analysis results, the elemental and
quantitative weight composition (wt.%) of synthesized
I0-NPs was composed of 33.05 % Fe, 32.96 % O, 15.53
% C, 7.02 % Na, 3.68 % S, 3.12 % CI, 2.59 % N, 1.24%
Mg and 0.84% Ca elements. Elemental analysis (EDX)
spectrums of 10-NPs before and after adsorption were
given in Figure 4(a) and (b) respectively. According to
Figure 4(a), the prepared 10-NPs involve the elements of
Fe, O, C, Na, S, Cl, N, Ca, and Mg (the peaks of the
elements of Pt and Pd stem from the coating of the sample),
before adsorption. EDX analysis results revealed that the
signals in the Fe and O elements confirmed the formation
I0-NPs, whereas the elements of C, a part of O, Na, S, Ca
and Mg derived from the aqueous algal extract. The
presences of these elements ascribed to the polyphenol
groups and other C-containing molecules [8]. Also, Cl
element must be arisen from FeCl; precursor used in
IO-NPs synthesis. After adsorption, in addition to Fe, O,
C, N, S, Na, Ca and Mg elements also, Cu element was
detected in EDX analysis results after adsorption. The
presence of Cu element in the elemental composition
confirmed the binding of the Cu?* ions onto 10-NPs
surface.

a)

b) after

adsorption

The FT-IR spectrum of the synthesized 10-NPs before
and after Cu?* adsorption was exhibited in Figure 5. As
shown in Figure 5, no important changes in the structures
were observed between pre- and post-adsorption.
According to the FT-IR spectrum of biosynthesized 10-
NPs (Figure 5.a), the broad band at between 3200-3300
cm™ is attributed to O-H stretching vibration. The slight
bands at 2030 and 2187 cm™ related to C-H stretching
vibration of -CH; and -CHs functional groups. The
stretching vibration band at 1216 cm™ is due to the

characteristic asymmetric stretching vibration of the
sulfate group. Sulfate, carboxyl, hydroxyl, and amino
groups are bioactive compounds that exist in a marine
alga. These functional groups can be responsible for the
formation of nanoparticles. For instance, it was indicated
that the sulfated polysaccharides isolated from the marine
alga had a powerful capability to synthesize
nanoparticles. Therefore, the sulfate group may be
responsible for the reduction of iron ions by oxidation of
aldehyde groups to carboxylic acids [4]. The band at
1039.55 cm™ is identified as the symmetric Cc-0
vibration related to a C-O-SO; group. These peaks
demonstrate the presence of sulfated polysaccharides in
the Enteromorpha spp. algal extract. Therefore,
Enteromorpha spp. algal extract containing hydroxyl,
sulfate, and aldehyde groups may result in the
reduction of Fe®* and synthesis of 10-NPs. Moreover,
the peak at 1617.53 cm™* corresponds to the conjugated
carbonyl (NH) (-C=0) group stretching vibration that
is characteristic of proteins. This peak became slight
broader and slightly shifted from 1622.05 cm™. The result
showed a member of (NH) (-C=0) group within the cage
of cyclic peptides acting a role in stabilizing the
nanoparticles [5]. Another peak at 1400 cm™ represents
the C-C groups result from aromatic rings that are
involved in the algal extract. The formation of 10-NPs
was characterized by the absorption bands at 599.83 and
475 cm™ which related to the Fe-O stretches of FesOs
and Fe20s [9], confirming the formation of 10-NPs.
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Figure 5. The FT-IR spectrum of the biosynthesized 10-NPs
a) before adsorption b) after adsorption

3.2. Total phenolic content of Enteromorpha spp.
extract

The polyphenols in many plants and alga contain
mainly flavonoids (flavonols, flavones, flavanones,
isoflavones, flavanols, and anthocyanins) and phenolic
acids (hydroxycinnamic and hydroxybenzoic acids). They
are synthesized as a defense mechanism against
microorganisms, and they have shown hydrogen-donor
potentials and metal chelation abilities [10]. Many studies

%T
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which are based on the green synthesis of metal/metal
oxide nanoparticles, fundamentally cited that plants and
alga with high polyphenolic content had a
capping/stabilizing ability to reduce metal precursors to
their nanoforms [11]. Therefore, TFC of Enteromorpha
spp. extract was determined to show the potential of
reducing capability for 10-NPs synthesis. TFC of
Enteromorpha spp. extract was determined as 9.81+ 4.8
mg gallic acid equivalents/g dry algae. Some studies
about the phenolic content of Enteromorpha species
reported in the literature.  Ganesan et al., [12],
investigated TFC of three species of green seaweed
Enteromorpha (E. compressa, E. linza, and E. tubulosa).
They found the total phenol content (%), calculated with
a phloroglucinol standard, in the extract of water as (2.98
+0.39), (1.33 £ 0.08) and (1.33 = 0.08) for E. compressa,
E. linza and E. tubulosa respectively. In another study,
the phenolic content of Enteromorpha intestinalis (L.)
Kiitz. seaweed, collected from Acigél Lake in Turkey,
was investigated by Akkoz et al., [13]. The researchers
found TFC of it was 0.025+ 0.004 mg gallic acid
equivalent/g dry algae. Our study showed that TFC of
Enteromorpha spp. grown in Mediterranean Sea of
Turkey seems significantly high, therefore owing to its
high phenolic content, Enteromorpha spp. extracts can be
used as a bioreductant for preparing metal nanoparticles
owing to their reducing capability of metal salts.
Consequently, the 10-NPs were synthesized successfully
by using Enteromorpha spp. extract as a non-toxic, cost-
effective, and an environmentally friendly reductive
agent.

3.3 Effect of environmental conditions to adsorption
3.3.1 Initial pH

The initial pH value of agueous solution containing
heavy metal ions is a significant factor affecting the
adsorption processes. Because, the dissolution of metal,
as well as the activity of such as amino, carboxyl, sulfate,
and phosphate functional groups that present on
adsorbent, are affected from pH [14]. The effect of initial
pH on the adsorption of Cu?* ions onto 10-NPs was
presented in Figure 6. As shown in Figure 6, the
maximum equilibrium uptake value was observed at pH
5.0. The maximum adsorption capacity at the initial pH
5.0 could be defined by the interaction of Cu?* ions and
surface charge of adsorbent. The net surface charges of
synthesized 10-NPs were determined by measuring
{ (zeta) potential in the pH range of 2.0-6.0 and the
change of { potential with pH were presented in Figure 7.
As shown in Figure 7, it was determined that the 10-NPs
surface was negatively charged for all pH values and had
a maximum negative charge at pH 5.01 (-33.7 mV). So,
the adsorbed Cu?* amount was maximum due to strong
electrostatic  attractions between Cu?* cations and

negatively charged surface at pH 5.0. The
aforementioned electrostatic attraction was illustrated in
Figure 8, similar to previously proposed by Brunkesh et
al., [15].

3.3.2 Initial Cu?* ion concentration

The effect of initial Cu?* ion concentration on the
adsorption was shown in Figure 9. From Figure 9, it was
indicated that the uptake amounts at equilibrium
increased with increase in the experimental initial Cu®*
ion concentration up to 275 mg/L, and then remained
constant after that as a result covering of active sites of
10-NPs with the Cu?* ions.

120
100 - ./,__-—o
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o
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Figure 6. Effect of initial pH (T=25°C, Co=100 mgl/L,
Xo=1 g/L)
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Figure 7. The plot of zeta potential value of the synthesized
10-NPs vs. pH

Cu?*jons
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Figure 8. The proposed mechanism of Cu?* adsorption onto
10-NPs

However, the adsorption percentages decreased with
increase in the experimental initial Cu* ion concentration
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because of the high ratio of initial Cu?* ion concentration
to the available adsorption surface area. Thus, the
optimum Cu?* ion concentration was found as 275 mg/L.

3.3.3 Adsorbent concentration

The adsorbent concentration effect on the equilibrium
uptake and percentage of adsorption was presented in
Figure 10. According to Figure 10, the equilibrium
uptakes of Cu?* ion concentrations increased with
decreasing the adsorbent concentration from 3.5 g/L to
0.5 g/L. Also; the adsorption percentage slightly
increased up to 2.0 g/L of adsorbent concentration, and
then indistinctly remained constant with further increase
in adsorbent concentration. The increase in uptake values
with decreasing adsorbent concentration may arise from
the interaction between adsorbent particles such as
aggregation, resulting from high adsorbent concentration.
The higher adsorption capacities were obtained at lower
adsorbent concentrations due to the agglomeration of the
adsorbent particles. The agglomeration would cause a
decrease in the active surface area of the adsorbent and an
increase in diffusional path length. Consequently, the
optimum adsorbent concentration was selected to be 0.5
g/L for Cu?* ion adsorption onto 10-NPs.
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0 100 200 300 400 500

initial Cu?* concentration (mg/L)

Figure 9. Effect of initial Cu?* concentration (initial pH= 5,
T=35°C, Xo=1g/L)
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Figure 10. Effect of adsorbent concentration (initial pH= 5,

T=35°C, Co=100 mg/L)

3.3.4 Temperature

The variation of the adsorption capacities of 10-NPs
with temperature values was depicted in Figure 11.
According to Figure 11, the uptake amounts at
equilibrium increased up to 35 °C, and after that, it
slightly decreased by the further increase in temperature.
So, the optimum temperature was determined as 35 °C
for Cu?* ion adsorption onto 10-NPs.

3.4 Equilibrium, kinetic, and mass transfer modeling
3.4.1 Equilibrium modeling

The adsorption isotherm models could be used for
modeling the relationships between adsorbate and
adsorbent at adsorption equilibrium. The well-established
isotherm models of Langmuir and Freundlich were
applied to the experimental equilibrium data at different
temperatures.

The Langmuir model, that is applicable for monolayer
adsorption onto the exactly homogeneous surface with
limited availability of identical sites and with too weak
interaction between adsorbed molecules is presented by
Equation (3):

_Q%b.Ce
Ge= 1+b.Ce ©)
Freundlich isotherm defines the heterogeneous

surface energies by multilayer adsorption, and it is stated
by Equation (4) [16]:

Qe=Kr.CelM (4)

The isotherm constants calculated from the linearized
isotherm equations along with the regression coefficients
were presented in Table 2. Also, the isotherm graph at
optimum temperature was plotted in Figure 12.
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Figure 11. Effect of temperature (initial pH=5, C,=100 mg/L,
Xo=1g/L)
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As shown in Table 2, higher regression coefficients
(R? >0.99) and lower ARE of the Langmuir isotherm
model indicated that Cu?* adsorption equilibrium data
were well-described by the Langmuir isotherm model.
The consistency between experimental ge values and
calculated ge values from Langmuir isotherm model also
approved that the experimental equilibrium data of Cu?*
adsorption best fitted to the Langmuir isotherm model. It
can be concluded that Cu?* adsorption onto 10-NPs was
monolayer in nature. It meant that only one Cu?" ion
could adsorb onto the active sites of the adsorbent
surface. Therefore, no further adsorption could take place
at that site on the surface of the adsorbent. Besides, as it
was expected from the results of temperature effect
(Figure 11) that Q° values were close to each other and
the maximum Q° value (188.68 mg/g) was obtained at
optimum temperature.

The comparison of Q° values of various types of iron
nanoparticles for Cu?* adsorption was shown in Table 1.
Accordingly, it was seen that 10-NPs had relatively
higher adsorption capacity compared with the iron-
containing adsorbents reported in the literature.

Table 1. The maximum monolayer adsorption capacity values
(Q©) of various types of iron nanoparticles in the literature

[

Adsorbent Q Reference

(mg/g)
NiFe204 magnetic nanoparticles 200.00 [18]
Fes0s-NPs 188.68 | This study
Mr?\gnetlc nanoparticles coated by 96.15 [19]
chitosan
Fe—Fes04/GO 90.90 [20]
Nano-scaled zerovalent iron 40.82 [21]
Amino ﬂfnctlonallzed Fes04@Si02 29.85 [22]
nanoparticles
Amino-functionalized magnetic 25,77 23]
nanosorbent

3.4.2 Mass transfer modeling

Several steps, such as intraparticle diffusion, external
diffusion, and adsorption, or a combination of more than
one step can occur during the transport of adsorbate
molecules from the liquid phase to the adsorbent surface.
The external resistance greatly reduces the process at
highly-stirred systems that the stirring rate effect is
unremarkable. Also, the effect of intraparticle resistances
can be reduced by decreasing the size of adsorbent, in
other words by using nano-sized materials. Weber-Morris
intraparticle diffusion model is stated by Equation (5);

=K .t%5+1 )

The intraparticle diffusion rate constant (Kj), and |
value corresponded to external diffusion are calculated
from the slope and intercept value of the plot of g: vs.
%5 give, respectively. According to the theory of the
model, if the plot of g; vs. t°5 is a straight line and it
passes through the origin, the adsorption system is
controlled by only intraparticle diffusion. Conversely, if
the plot is also linear but it has an intercept value, both
intraparticle and film diffusion take place in the
adsorption system [17]. Table 3 presented the
Weber-Morris  model parameters with regression
coefficients of Cu?* ion adsorption onto 10-NPs.
According to Table 3, the model plots were linear
(R?>0.99) and also had intercept values (I); thus, the
adsorption of Cu?* ion onto 10-NPs followed both
intraparticle and film diffusion.

3.4.3 Kinetic Modeling

It is required to assess the adsorption process kinetics
for selecting the optimum running conditions for batch
processes. The kinetic parameters are useful for the
estimation of the adsorption rate and give information for
modeling the processes.

The widely used kinetic models for the adsorption
processes are the pseudo first order and the pseudo
second order Kinetic models. The adsorption Kinetics was
elucidated by correlating the adsorption kinetic data of
the Cu?* onto 10-NPs using the linear forms of the
pseudo first order and the pseudo second order kinetic
models that were given in following Equations 6 and 7,
respectively [24].

[l09(a: — a) = log(ge) ~ 5 =] ©)

t 1 t
Lt _ = 7
[qt qe?k, + qe] )
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Table 2. The constants of the adsorption isotherm models (initial pH=5.0, X,=1.0 g/L)

Langmuir isotherm model

Freundlich isotherm model

T (1/ge)=[(1/(Q°.b).(1/Ce)] + (1/Q°) In(ge)=In(Kr)+(1/n).In(Ce)
(°C) Q° b Kr
R? ARE n R? ARE
(mg/g) (L/mg) (mg/g)/(L/mg)1/n)
25 181.8182 0.1316 0.991 5.9947 40.2067 0.3351 0.947 10.2815
35 188.6792 0.1165 0.999 0.7109 40.5460 0.3485 0.891 20.7332
45 185.1852 0.07397 0.994 2.2514 47.7673 0.2757 0.927 14.5122

For Cu2*adsorption onto 10-NPs, the kinetics model
parameters and R? values were exhibited in Table 4 (a)
and (b). From Table 4 (a) and (b), the adsorption kinetics
of Cu?* onto 10-NPs was well-defined by the pseudo
second order kinetic model due to the consistency of the
experimental and calculated ge values and high regression
coefficients than the pseudo first order model at all initial
Cu?* ion concentrations.

Table 3. The parameters of Weber-Morris model (initial pH=5.0,
T=35°C, Xo=1.0 g/L)

Co (mg/L) Ki (mg/g.min®5) Intercept (1) R?
52.0566 0.0103 47.39 0.990
119.0377 4.2274 74.50 0.994
145.4717 4.7436 80.18 0.993
275.6981 5.8955 93.69 0.995

Table 4.a. The parameters of the pseudo first order kinetic model
(initial pH=5.0, T=35°C, X,=1.0 g/L)

C, - . 3Pseudo first order
mon) | g | 0| kel Re
52.0566 56.98 24.41 41.96 0.952
119.0377 118.94 24.41 68.36 0.882
145.4717 143.49 20.73 100.74 0.965
196.0755 160.60 16.58 120.67 0.821
275.6981 173.81 16.58 128.53 0.943
437.2075 181.43 145 128.17 0.871

Table 4.b. The parameters of the pseudo second order kinetic model
(initial pH=5.0, T=35°C, X,=1.0 g/L)

Co - > *1Pos4eudo sec;md order
2 e,cal2
(mgD) | (M99 | gmgmin) | (mgiy | ®
52.0566 56.98 15.39 53.69 0.991
119.0377 118.94 12.50 114.66 0.997
145.4717 143.49 7.74 138.66 0.993
196.0755 160.60 4.85 149.91 0.991
275.6981 173.81 3.04 157.26 0.991
437.2075 181.43 6.29 173.01 0.990

[ ARE=(100/0).Z1" (e,carGe.exp)/ (Cle.exp) ]

4, Conclusions

The present work revealed that iron oxide
nanoparticles (10-NPs) could be synthesized through the
fast and facile biosynthesis method using Enteromorpha
spp. extract as a biological reductant/capping agent.
Algae are abundant resources exist in both fresh and
saltwater; also, they cause water pollution. This study
showed that they can be converted into economic value
by evaluating them in nanoparticle biosynthesis and also
the water pollution arising from algae can be reduced by
this means.
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Nomenclature

b : Freundlich isotherm model constant (L/mg)

Ce : Residual Cu?* ion concentration at equilibrium
(mg/L)

Co . Initial Cu?* ion concentration (mg/L)

Ke . Freundlich constant indicating adsorption capacity
((mg/g)/(L/mg)")

Ki : Rate constant of intraparticle  diffusion
(mg/g.min%?)

k1 . Rate constant of pseudo first order kinetic model
(2/min)

k> . Rate constant of pseudo second order kinetic model
(9/mg.min)

| . Intercept value of Weber-Morris plot

Qe : Uptake amount per unit mass of adsorbent at
equilibrium (mg/g)

Qeca, . Calculated uptake amount per unit mass of
adsorbent from pseudo first order kinetic model
(mg/g)

Qeca, . Calculated uptake amount per unit mass of
adsorbent from pseudo second order kinetic model

(mg/g)

Oeexp . Experimental uptake amount per unit mass of
adsorbent (mg/g)

Ot : Uptake amount per unit mass of adsorbent at any
time (mg/g)

Q° : Maximum monolayer adsorption capacity (mg/g)
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RZ
T

t
1/n

: Regression coefficient

. Temperature (°C, K)

: Time (min)

: Freundlich constant indicating adsorption intensity
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The use of nanomaterials in wastewater treatment has gained importance. Nano-structured
adsorbents have good adsorption potential due to their properties such as large surface area. In this
study, removal of AO74 (Acid Orange 74) from the waters with TiO2 nanoparticles were
investigated. TiO2 nanoparticles were synthesized by sol-gel method. The X-ray diffraction
(XRD), Scanning electron microscopy (SEM), Fourier-transform infrared spectroscopy
(FTIR) and Ultraviolet-visible spectroscopy (UV-VIS) spectrometer techniques were used to
characterize the synthesized products. Stability analysis was performed by zeta potential analysis.
The anatase phase of the TiO2 nanoparticles was confirmed by XRD analysis. The SEM
micrographs revealed the spherical-like morphology with average diameter of about 32 nm which
agrees with XRD results. FTIR spectra show the vibrational mode of TiO2 around 600 cm.
Absorption peak in the UV region at 320 nm are observed. This peak is characteristics of nano-
sized TiOznanoparticles. If the measured zeta potential absolute value is greater than 35 mV, it can
be said that the produced nanofluid is stable. The zeta potential value greater than 35 mV in all
measurements in this study, so that the synthesized TiO2 nanoparticle is stable in the fluid
medium. pH (2-5), contact time (10-120 min) and initial dye concentration (20-100 mg / L) were
investigated to determine the adsorption potential of TiO2 nanoparticles. The optimum parameters
for adsorption of AO74 were determined as pH and contact time, respectively: 5 and 75 minutes.
The adsorption system is compatible with Langmuir and Freundlich isotherms. As a result, TiO2
nanoparticles were identified as suitable adsorbent for removal of AO74.

©2019 Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction

azo dye and used for dyeing wool, fibers, silk and carpet
(Figure 1).

Dyes are generally used in textile, leather, plastic,
paper industry, paints, cosmetics, color additives and
biomedical area [1]. The dyes are very stable against light
and oxidation due to their complex chemical structure.
Due to these properties, their biodegradation is very
difficult [2,3]. Textile wastes are one of the most
important and dangerous environmental contaminants.
Because many dyes are toxic and carcinogenic, they
cause damage to the aquatic life and people.[4]. For this
reason, it is very important to remove waste from the
environment and dye elimination from wastewaters
before their release into the environment is very
substantial [2,5]. Basic dyes, acid dyes, azo dyes and
disperse dyes are commonly used in the textile industry.
[6,7]. Most of these dyes such as Acid orange 74 is an

* Corresponding author. Tel.: +90 346 2191010(2487)

NaO3S OH

O,N

Figure 1. Acid orange 74 molecular structure
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In recent years, many methods such as adsorption,
biological treatment, chemical oxidation, photocatalysis,
coagulation/flocculation, etc. have been improved for
separating organic pollution from water and wastewaters.
Among these methods, adsorption process has been
demonstrated as a highly effective removal method due to
its simplicity, applicability and this technique also
generally preferred in terms of cost. Several natural and
synthetic adsorbents such as zeolites, polymers, resins,
activated carbon, chitin and some nanoparticles like TiO,
Al,Os, etc. have been used to remove contaminants from
waste waters. Particles between 1-100 nm are defined as
nanoparticles. Their at least one dimension less than 100
nm. Nanoparticle research is presently an area of deep
scientific research because a wide variety of potential
applications in medicine, energy and electronics,
manufacturing and materials, environmental applications.
The use of nanoparticles in environmental applications
with the developing technology has become widespread.
[8]. Nano materials used in water treatment are produced
with small size, large surface area and renewable
properties. [9]. The reason for the wide use of
nanoparticles is the small size and high surface area.
Among the nanoparticles, TiO, nanoparticles have
commercial interests for their nontoxicity, low cost,
hydrophilic, photocatalytic activity, large specific surface
area, long service life, high efficiency.

In this study, the synthesis of TiO, nanoparticles and
the AO74 removal potential from aqueous solutions were
investigated. TiO2 nanoparticles were synthesized by sol-
gel method. The X-ray diffraction (XRD), Scanning
electron microscopy (SEM), Fourier-transform infrared
spectroscopy (FTIR) and Ultraviolet-visible spectroscopy
(UV-VIS) spectrometer techniques were used to
characterize the synthesized products. Adsorption
potential of TiO, nanoparticles; pH, contact time and
initial dye concentration were determined.

2. Materials and Method

2.1 Synthesis and characterization of TiO2 nanoparticle

Ethanol, iso-propanol and Titanium (IV) butoxide were
mixed in a ratio of 160 ml:20ml:20ml and the mixture
was sonicated. To prepare a white precipitate, a solution
containing 2 g of cetyltrimethyl ammonium bromide
(CTAB) in 100 ml of water was added. The mixture was
kept at 80 °C for 4 hours. Excess water in the mixture
was removed by evaporation under constant stirring in a
water bath. The synthesized material was first dried at
110 ° C for 12 hours and then calcined at 500 ° C in a
muffle furnace for the get high degree of crystallization
[10].

In this study, TiO, were used as the nanoparticles and
deionize water (DIW) were chosen as the base fluid. The
morphologies of TiO, were characterised by the XRD
pattern. X-ray diffraction (XRD) analysis was conducted
on a Rigaku DMAX IIIC using CuKo radiation at
Department of Geological Engineering of Cumhuriyet
University in Sivas, Turkey. Scanning electron
microscope (SEM) analysis was carried out on TiO;
nanoparticles by TESCAN MIRA3 XMU electron
microscope. To determine the functional groups of TiO,
FTIR(Bruker: Tensor Il) analysis was done in the range
4000-400 cm™.UV-Vis spectrophotometer (UV-1280,
Shimadzu, Japan) was utilized to record the spectra of
prepared TiO»-DIW nanofluids range from 200 to 800
nm. Zeta potential of the TiO, nanoparticles in aqueous
phase was measured using a malvern Zetasizer Nano Z.
The electrophoretic mobility of the particles is
determined by this instrument automatically and converts
it to the zeta potential [11].

2.2. Adsorption experiments

AO74 (Sigma-Aldrich) stock solution was prepared at
1000 mg / L concentration.AO74 in the desired
concentrations was obtained by dilution from stock
solution. Adsorption experiments were performed in
batch system. The parameters affecting the adsorption
were investigated (pH, contact time, starting dye
concentration). The experiments were carried out in glass
flasks with a working volume of 250 ml. The adsorptive
quality of the TiO, nanoparticles were tested as a
function of pH (2-5), contact time (10-120 min) and
initial dye concentrations (20-100 mg/L).The pH of the
dye solutions was adjusted with NaOH(0.1-0.01 M) and
HCI(0.1-0.01M). After the adsorption system reached
equilibrium, the adsorbent was separated by
centrifugation. AO74 (Amax455 nm) concentration in the
solution was determined by spectrophotometer. The
amount of dyes adsorbed (ge; mg/g) was determined by

Eqg (1) and the percent dye adsorption (%) was
determined by Equations (2).
(C,—C)*V @)
g, = ————
m
)

(%)adsorption = % x100

[¢]

C, is the initial dye concentration, Ce is the final dye
concentration (mg/L).m is the mass of adsorbent (g) and
V is the volume of the dye solution (L).
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3. Results and Discussion
3.1 XRD results

XRD characterized the crystal structures of TiO;
sample, and Figure 1showstheresults.Well-defined (1 0 1)
peak at 25.42° and 37.89°, 48.12° 55.16° 62.79° were
displayed by the XRD pattern of TiO, These peaks
belong to the typical anatase phase TiO,[12].

The average crystallite size of TiO nanoparticles using
the Scherrer equation [13] was calculated from the XRD
patterns (Figure 2). The average crystallite size of the

TiO, nanoparticles was found to be about 12 nm.

Intensity

10 20 30 40 50 60
2-Theta

Figure 2. XRD pattern of the sol-gel TiO2 nanoparticles.

3.2 SEM results

According to the scanning electron microscopy data
(Figure 3), TiO2 nanoparticles are well dispersed systems.
As can be observed from the below mentioned
micrograph, the particles are spherical. From SEM
images, the average particle size was evaluated to be
around 32 nm for TiO, nanoparticles which is consistent
with the XRD results.

"
s bt wns » ) [

Figure 3. SEM micrographs of sol-jel TiO2 nanoparticles.

3.3 FTIR results

The FTIR spectrum of TiO; nanoparticles was
displayed in Figure 4. 700cm™band is available and it is
conformed to the Ti-O stretching vibration and is present
in Ti02.

120

100 A

40
4000

3000 2000 1000 0

Wavenumber (cmt)

Figure 4. FTIR spectrum of sol-jel TiO2 nanoparticles.

3.4 UV-Vis results

UV-Vis absorbance spectrum of TiO; nanoparticles is
shown in Figure 5. Absorption band in the UV region at
320 nm are observed in Figure4. This is characteristics of
nano-sized TiO; nanoparticles [14].

—Ti02

Absorbance

200 300 400 500 600 700 800
Wavelength (nm)

Figure 5. UV-Vis absorbance spectrum of sol-jel TiO:
nanoparticles.

A Zeta Potential Analyzer was utilized for the
purpose of examining the Zeta potential measurement of
nanoparticles in the nanofluid. Zeta potential is defined as
the electrical potential existing between the nanoparticle
surface and the base fluid, and the zeta potential absolute
value is related to the nanoparticle stability. If the
measured zeta potential absolute value is greater than 25
mV, it can be said that the produced nanofluid is stable.
The zeta potential value greater than 35 mV in all
measurements in this study. The zeta potential is related
to the stability of nanofluids; higher the absolute value of
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the zeta potential, the higher its stability. It was
concluded that the zeta potential of TiO,-water nanofluid
prepared in this study is very stable.

3.5 pH results

pH is an important parameter in adsorption processes.
For this reason, AO74 adsorption at different pH values
was investigated. The studies were carried out at room
temperature and at constant TiO, concentration (10 g / L)
and pH values were measured at 2-5. The results obtained
from pH experiments are given in Figure 6. The
concentration of AO74 adsorbed with increasing pH
increased and the maximum adsorption was determined
as 52% at pH 5. The optimum pH value for AO74
adsorption was determined as 5.

60 30
oy
S 50 - 25
'S L 20
— 40 p
o “ 15 2
E 10 &
g 20 - —a— % R.E. o
& 10 - ——q(mg/g)
> 9 LR . 5

0 2 4 6

pH

Figure 6. Effect of pH (Co: 50 mg/L, amount of TiO2
nanoparticles: 10 g/L, T: 23°C)

3.6 Contact time results

Experiments were conducted at different contact times
to determine the optimum adsorption time in the
adsorption of AO74 with TiO; nanoparticles (10-120
minutes). After 75 minutes from the start of the
adsorption experiment, the amount of adsorbed dye was
determined to reach equilibrium and the optimum contact
time for AO74 dye adsorption was determined as 75
minutes (Figure 7).

In another study for AO74 dye removal, activated
sludge was used and the removal time was determined to
be 240 minutes. In this study, removal time with TiO;
nanoparticles was determined to be 75 minutes [15]. With
TiO, nanoparticles, removal was achieved in a shorter
time.

30

25 —&— 20 mg/L
@ 20 -'/"__‘/¢——+/ —— 30 mg/L
g 15 —A— 40 mg/L
T 10 —¥%— 60 mg/L
5 —+— 80 mg/L
0 100 mg/L
10 30 50 70 90

Contact time(min)

Figure 7. Effect of contact time (pH:5, amount of TiO2
nanoparticles: 10 g/L, T: 23°C)

3.7 Initial dye concentrations results

Initial dye concentrations results from 20 to 100 mg/L
are given in Figure 8. To investigate the effect of initial
dye concentration on adsorption, dye concentration was
investigated in the range of 20-100 mg / L. An increased
concentration of dye was observed with increasing initial
dye concentration. Adsorption at 20 mg / L and 100 mg /
L dye concentrations was determined as 9.47 mg / g and
30 mg / g respectively.

30
25 A

> 15 |
515
S 10 -
5.
0

0 50 100 150
Co AO74 (mg/L)

Figure 8. Effect of initial dye concentration (pH: 5, contact
time: 75 min, TiO2 nanoparticles: 10 g/L, T: 23°C)

3.8 Adsorption isotherms

Langmuir and Freundlich isotherm models were
calculated by nonlinear regression method using Excel
software. The Langmuir model determines the maximum
adsorption capacity by assuming that every adsorption
site is equivalent in monolayer and energetically. Non-
linear Langmuir isotherm equation is given in Equation 3
[16]:

_ Q,bC, ©)

%=1 bC,

Here q. is the amount of equilibrium adsorption
capacity and Q, is the maximum adsorption capacity
(mg/g). C. is the equilibrium solution concentration
(mg/L); b is the Langmuir constant (L/mg).

The Freundlich model is applied to adsorption on

heterogeneous surfaces [17]. Non-linear Freundlich
equation is given in Equation 4.;
1 4
qe = kFCe n ( )

ke is the adsorption capacity (L/g), n is the adsorption
intensity.

Langmuir adsorption capacity was determined as 37.03
mg / g for AO74 dye. The results show that the TiO,
nanoparticles are an effective adsorbent for AQO74
removal (Tablel).

When using activated sludge in AO74 dye removal, the
maximum adsorption capacity was determined to be
142.85 mg /g [15]. Lower results were obtained with
TiOz nanoparticles in this study.
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Table 1. Adsorption isotherm parameters (T=23°C)

Langmuir Freundlich
Qo R? Kr n R?
(mg/g) b (L/mg) (L/g)
37,03 0.023 0.93 0.65 1.66 0.94

3.9 Adsorption kinetic

The data obtained from the adsorption experiment
were analyzed using the pseudo-first order kinetic model,
pseudo second-order kinetic model and intraparticle
diffusion model [18].

log(qe — q¢) = logqe — o, ©
2.303

Where g: (mg/g) is the at a given moment, the
adsorbent adsorbed pollutant concentration and k; (mint)
is the rate constant of pseudo first order kinetic model.

The second order kinetic model is explained by the
following equation by Equation 6 below:

t 1 1 6)

+—t
g k2(q)*  qe

where kz (g/mg/min) is the rate constant of pseudo
second order kinetic model.

The particle diffusion model is given by Equation 7
below:

qe = kqt™> +C @

where kg (mg/g/min®5) is diffusion rate constant and C is
intercept.

Kinetic data from TiO, nanoparticle and AO74
adsorption data are presented in Table 2.

Table 2. Adsorption isotherm parameters (T=23°C, Co: 40
mg/L, ge : 37.03mg/g)

Pseudo first ki gi1(mg/g) R?
order
0.011 3.97 0.90
Pseudo k2 g2(mg/g) R?
second order
0.0008 24.39 0.97
Intraparticle ki C (mg/g) R?

diffusion
2.09 3.68 0.89

According to the results of adsorption kinetics given in
Table 2, the adsorption process conforms to the pseudo
second order kinetic model. The experimental ¢
(37.03mg/g) values were also compatible with adsorption
capacities (qz) obtained from the pseudo second order
model.

4, Conclusion

Here in, we report for synthesis TiO2 nanoparticles via
sol-gel technique. Nano-size TiO, powders were
synthesized using sol-gel method. The synthesized
material was characterized by XRD, SEM, FTIR and UV-
Vis spectroscopy techniques. The XRD pattern of
synthesized sample confirms the formation anatase phase
with very good crystallinity. Also, SEM image displayed
the uniform morphology in the form of nano clusters and
spherical shape. FTIR spectra show the vibrational mode
of TiO, around 600 cm™. Strong and sharp peak was
observed between 200-700 nm in the UV-Vis region
optical absorption study. Absorption peak in the UV
region at 320 nm are observed. This peak is
characteristics of nano-sized TiO; nanoparticles. The zeta
potential value greater than 35 mV in all measurements.
A route of sol gel method was performed for synthesis
pure anatase TiO, nanoparticles with high quality
production. As a result, TiO, nanoparticles were
successfully obtained by sol gel method by indicating
different characterization analysis results.

In this study, TiO; nanoparticles were used for AO74
dye removal from aqueous solutions. pH, contact time
and initial dye concentration were determined in order to
determine the optimum parameters in the adsorption
process. The optimum pH and contact time were
determined as pH 5 and 75 min at AO74 dye adsorption.
With increasing AO74 dye concentration, it was observed
that the amount of adsorbent adsorbed to AO74 per unit
weight increased. The Langmuir adsorption capacities for
AO74dye was 37.03 mg/g. The results show that the TiO;
nanoparticles are an effective adsorbent for AQO74
removal.

Thus, these results verify the encouragement that
titanium nanoparticles propose new dimensions toward
reliable and economically applicable water treatment of
colored effluents. TiO, nanoparticles synthesized by sol-
gel method were determined to be useful in removing
dyes from aqueous solutions.
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