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Abstract

Inadequate strength of plywood as a structure material have posed great challenges in its use. This research focused on the use of
Guinea grass (GG), wood sawdust (SD), crack filler (CF), and wood adhesive (WA) to enhance the mechanical properties of plywood.
The plywood with dimensions of 450 mm x 450 mm x 135 mm was used to produce lightweight composite slab laminates of the
following dimensions: 450mm x 450mm x 145mm, 450mm x 450mm x 170mm, 450mm x 450mm x 195mm, 450mm x 450mm x
220mm, and 450mm x 450 x 245mm, respectively. To ensure tenacious bonding and lamination between the composite slab and the
plywood, a wood adhesive or glue was applied evenly on the top and bottom faces of the laminates at 2.5mm thickness. Ten (10)
lightweight composite slabs each were produced with mix ratios of 0.5:0.5:1.5:0.5 and 0.5:0.75:1.5:0.5 (WA: CF: SD: GG), respectively.
The results obtained show that the mean compressive strength, tensile strength, density, hardness, flexural strength, and deflection
of the developed laminate composite range from 74.6 N/m? to 76.5 N/m?2, 89.50 N/m? to 93.53 N/m?2, 1246.92 kg/m?3 to 1334.81
kg/m3, 59.5 kef to 63.5 kgf, and 7.06 N/m? to 7.52 N/m?, 29.0 mm to 86.52 mm while that of plywood only ranges from 35 N/m?2
to 65 N/m?, 45 N/m? to 79 N/m?2, 500 kg/m3 to 811 kg/m?3, 32kef to 56kef, 2.5 N/m? to 6.5 N/m?2, and 20.7 mm to 45.6 mm for
average compressive strength, tensile strength density, flexural strength, and deflection respectively. The results obtained show that
the introduction of guinea grass, wood sawdust, crack filler, and wood adhesive improved the mechanical properties of the lightweight
composite slabs developed from plywood.

Keywords: Crack Filler, Guinea Grass, Light-weight Composite Slab, Mechanical Properties, Sawdust, Wood Adhesive.

1. Introduction

In adequate investigation and production of composites made from wood as a structural material have posed great challenges in
construction industries. High-performance engineered structural systems are crucial for sustainable development in the field of
construction [1]. Material needed to support a weight while in use is referred to as a structural composite. Structural composites
in the housing sector include load-bearing walls, roof systems, sub-flooring, staircases, framing elements, and furniture. The ma-
jotity of the time, municipal or national groups' codes and specifications will outline the performance requitements for these
composites [2]. The performance requirements for structural composites vary from those for the aerospace industry's high-pet-
formance materials to those for wood-based composites with lower performance demands [3]. The performance of wood-based
composites differs, from expensive particle board to multi-layered plywood and laminated lumber. The low-cost adhesive used to
create the structural wood-based composites meant for interior use is typically unstable to moisture. The thermosetting resin used
in exterior-grade composites is more expensive than internal-grade resin but is more stable to moisture [4]. Performance can be
improved in wood-based as well as agro-based composites by using chemical modification techniques to modify fiber properties
such as dimensional stability, biological resistance, ultraviolet resistance, and stability to acids and bases [5]. The designed goals of
fiber-reinforced composites include high strength or stiffness on a weight basis [6]. These characteristics are expressed in terms of
specific strength and specific modulus parameters, which correspond to the ratios of tensile strength to specific gravity and elastic
modulus to specific gravity [7].
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A slab, otherwise known as a plate, is an essential part of a structure usually found in buildings, walkways, and other civil structures.
A slab that is not part of a structural frame is usually referred to as a low-sensitivity element in a structure when compared with
others like beams and columns [8]. This is due to the fact that it has a larger surface area [9]. Slab as a structural element can be
cast using various structural materials; some of these materials are exorbitantly priced, have a high dead weight, a high rate of
yielding, have low bending strengths, degrade the environment in the course of their mining, and have other related limitations
[10]. Plywood, fiber-based bamboo stick slabs, timber slabs, and composite elements such as concrete-steel reinforced slabs, steel
stud-concrete decks, and particle-fibre boards are a few examples of these varied building materials [10]. The earliest type of slab
was a bamboo stick slab, which was frequently employed in mud-clay homes in the 1920s and is thought to be more resistant to
tensile stress than its contemporaries [11]. Physically, it has a low unit weight and high shock absorbency. The aforementioned
charactetistics support its application in the creation of light, self-weighted structures. In contrast to bamboo's positive attributes,
it is stiff only at the nodal zone and lacks transverse strands, making it less stiff in a direction parallel to the nodes [12]. Additionally,
it has a low elastic modulus [13]. Because bamboo is made up of gum, resin, and starchy materials, it needs to be properly treated
with the right chemicals before being used for construction or other applications [14].

Additionally, a concrete-steel-reinforced slab is typically constructed from cement, fine aggregate (sand), coarse aggregate (often
granite), steel, and water in a predetermined ratio. High compression stress resistance and resistance to microbiological and acidic
assaults are two characteristics of concrete-steel-reinforced (CSR) materials. As a composite element, steel has strong tensile
strength and high compression strength; therefore, being referred to as "reinforced concrete" makes it a tenacious and durable
composite, cast in diverse patterns. Due to this, civil engineering projects like walkways, cover slabs, tank stands, culverts, drainage
systems, bridges, and pavements have a wide range of applications [15]. Contrary to what was stated above, reinforced concrete
slabs (RC) have a high dead weight, which directly raises the structure's gross weight that is transferred to the foundation and
results in expensive foundation structures [16]. In a similar view, due to the rise in demand for reinforced concrete slabs, its
component materials, such as granite, cement, rivers, and steel, have become highly expensive and unaffordable to average citizens
[17]. Thus, the utility of industrial and agricultural waste products (such as sawdust and guinea grass) becomes valuable as they are
cheap, possess a low self-weight, and pose no ecological harm [18].

This study focused on the improvement of wood mechanical properties using Guinea grass, wood sawdust, crack filler, and wood
adhesive.

2. Material and Method

The materials utilized in this study are: (i) crack filler (i) crushed guinea grass (iii) water (iv) plywood with thickness 135mm (v)
wood glue.

2.1. Introduction of Materials

Crack Filler: Crack filler was purchased from the saw-mill located along airport road in Benin City, Edo State, Nigeria. The crack
filler was divided into groups based on the outcomes of laboratory tests done on its physiochemical characteristics. Talc (magne-
sium hydroxide), kaolin, carbon, calcium carbonate, and calcium oxide (quicklime) are the chemical components of crack filler.

Phywood: The plywood was procured from a wood mill in Benin City, Edo State, Nigeria. The plywood's grade was C-grade exterior
and interior veneer, and its dimensions were 450 mm x 450 mm x 135 mm (three plies, each 135 mm thick). The plywood was
physically inspected to ensure there were no cracks, knots, or other defects on it. The plywood has a rough outer surface in
accordance with BS EN 855-1:1994. They were sawn to 450mm by 450mm and then used to create laminated slabs with the
following measurements: (a) 450mm by 450mm by 145mm; (b) 450mm by 450mm by 170mm; (c) 450mm by 450mm by 195mm;
(d) 450mm by 450mm by 220mm; and (¢) 450mm by 450mm by 245mm.

Wood Glue: The laminated composite slab was put together using artificial wood glue that was purchased from a wood mill in Benin
City, Edo State, Nigeria. The artificial adhesive complies with ISO 656-2010 and BS 5560 [4]. The shear strength, high viscosity,
high resistance to moisture, and compatibility with fillers like sawdust and powdered guinea grass were all factors in the choice of
the wood glue.

Crushed Guinea Grass: The natural habitats for Megathyrsus maximus include open grasslands, typically in or near bushes and trees,
and along riverbanks. The grass can endure both drought and wildfire. The plant exhibits significant morphological and agronomic
variation, with stem lengths varying from 5 to 10 cm (2.0 to 3.9 in) and heights between 0.5 and 3.5 m (1.6 and 11.5 ft). The plant
can also reproduce through apomixis, which is akin to self-cloning through seed. Panicles are open, with each plant bearing up to
9,000 seeds. This grass, when dried, possesses a light weight that can be added as a composite for structural materials.

_ Cukurova University Journal of Natural & Applied Sciences (2024) 3(1): 1-10
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2.2. Production Processes

Preparation and Processing of the Crushed Guinea grass: The harvested grass was washed and soaked with dilute sodium hydroxide
(NaOH) of concentration 0.10 mol/dm? for 6 houts to ensure effective bonding between the crushed grass, sawdust, crack fillet,
wood glue, and plywood. The grasses were air-dried in the sun and later transferred to an oven, where they were dried at 105°C.
It was continuously monitored until a moisture content of about 44+0.2% was obtained [6]. The grass was crushed to granules of
size 0.5 pm using a crushing machine. The crushed grass was screened to a particle size of 300 um in diameter using a vibrating
sieve machine.

Production of Plywood Laminated Composite Slab: The plywood with dimensions of 450 mm x 450 mm x 135 mm was used to produce
lightweight composite slab laminates of different thicknesses (Figure 1). To ensure tenacious bonding and lamination between the
composite slab and the plywood, a wood adhesive or glue was applied evenly on the top and bottom faces of the laminates at
2.5mm thickness. A total of 20 composite slabs of 10 each were produced with mix ratios of 0.5:0.5:1.5:0.5 and 0.5:0.75:1.5:0.5,
respectively. The pre-mentioned water/cement ratio and blend ratio were obtained based on the high water absorption rate of the
individual materials, their unit weight, their workability nature, and the need to reach the optimum strength of a light-weight
composite. A manual mixing method was adopted for all slabs in order to attain good compact. The dimensions of the laminated
composite slab developed were 450mm x 450mm x 145mm, 450mm x 450mm x 170mm, 450mm x 450mm x 195mm, 450mm x
450mm x 220mm, and 450mm x 450mm x 245mm, respectively (Figure 2).

Figure 2. Light-weight Composite Slab

2.3. Testing Methods

Compression strength Test: The compressive strength of the lightweight composite slab was determined using a compression testing
machine; a type of universal testing machine (UTM) designed specifically to assess a material's strength and deformation behavior
under compressive (pressing) pressure (Figure 3). The components of this device are a load cell, a crosshead (or crossheads),
compression test equipment, electronics, and a drive system. Testing software that defines machine and safety settings and stores
test parameters according to testing standards like ASTM and ISO is in charge of controlling it. It is crucial to take into account
both the material to be tested and the standard(s) that must be adhered to when selecting the compression test equipment. The
slabs were subjected to compression test using a Magnus frame, with an attached Enerpac hydraulic pressure jack to detect its
flexural strength. The compression load at yield point was recorded and was utilized to derive the flexural strength for all the slab

types.
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Figure 3. Digital Compression Testing Machine, Capacity: 10-300 Ton

Measurement of Density: According to ASTM D4442-92 (2003) and ASTM D2395 (2017), the density was tested. The physical char-
acteristics of the samples were assessed on a wooden cube with the following measurements: 450 mm in length, 450 mm in
thickness, and 135 mm in width. The samples were weighed to acquire the mass (m), and the sample volume at moisture content
(VM) was measured using dimensional analysis. The samples were subsequently dried for 24 hours in an oven at 103 y was tested.
The physical characteristics of the samples were assessed on a wooden cube with the following measurements: 450 mm in length,
450 mm in thickness, and 135 mm in width. The samples were weighed to acquire the mass (m), and the sample volume at moisture
content (v) was measured using dimensional analysis. The samples were subsequently dried for 24 hours in an oven at 103 °C.
They were then placed in a desiccator for about 15 minutes, or until the sample had attained a consistent oven-dry mass (m0).
Using Eqn. 1, the density (p) was obtained:

p=m (1)

Tensile Test: Various samples of the lightweight laminated composite were produced at different mix ratios and were tested with
strain gauge testing machines according to the requitements of the American Society for Testing and Materials (ASTM), tensile
test specimens were prepated to a specified design length. ASTM E8-09 tensile standard specimens were prepared for testing. The
samples prepared according to the ASTM E8M standard were carefully cleaned again from external factors such as dirt, oil and
rust before the tensile test. Tensile tests were performed with a 250 kN Shimadzu universal tester at room temperature, 505 %
humidity and 2 mm/min crosshead speed [1]. The tensile testing machine used in the expetimental study is shown in Figure 5.
Three individual wasted test specimens were machined from the stock having a diameter of 9 mm and a gauge length of 45 mm.
The dimensions of the tensile specimens are exhibited in Figure 1. The tensile test specimens were machined to the required
dimensions using the universal Lathe machine. The lightweight composite slab samples developed were evaluated for their me-
chanical strength (tensile strength) according to Eqn 2 [4].

Maximum Load

Tensile Strength = @

Original Cross—Sectional Area

@12
@9

25 R20
33

78

Figure 3. Dimensions of the tensile testing specimen as regard to ASTM E8-09 [1].

Upper cross Head

Space for Tensile
Spacemen

Mowable Cross Head

Space for Compressive
spacemen

Load
Indicator

Speed
Control

Figure 4. Universal Testing Machine
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Flescural strength Test: To assess a material's ductility, bend strength, fracture strength, and resistance to fracture, bend test machines
were typically universal testing devices was used. Beam specimens with the following measurements: 450 mm x 450 mm x 135
mm were made. According to IS 516-1959, two-point loading was used during testing on a 400-mm effective span. Eqn. 3 was
used to compute flexural strength.

F=2 3)

" ba?
Where, F= Flexural strength of composite (in MPa or N/mm?).
P= Failure load (in N).
L= Effective span of the beam (in mm).

b= Breadth of the beam (in mm).

Figure 6: Flexural Strength Testing Machine

The Brinell Hardness Test: The Brinell scale characterizes the indentation hardness of materials through the scale penetration of an
indenter, loaded on a material test piece. The Brinell hardness number (HB) was then obtained using Eqn. 4 [14].

2P

) [D—x/DZ—dZ ©)

Where P is the load in kilogram, D is the steel ball diameter in millimeter, and d is the depression diameter or indentation diameter.

Brinell Hardness Number (BHN) —

Figure 7. The Brinell Hardness Test Machine
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3. Results and Discussion

Results for structural characteristics of composite slab made with sawdust, Crack-filler, and wood adhesive. The results of the
structural characteristics of composite slab made with sawdust (SD), crack-filler (CF), and wood Adhesive (WA) are presented in

Tables 1 to Table 4:

Table 1. Results on Compressive Strength for the Developed Light-weight Composite Slab

Mix ratio Sample Area of Sample Mass of Sample Yieldload Compression Strength Mean Compression strength
(WA:CF:SD:GG) Number (mm?) (kg) (kN) (N/mm?) (N/mm?)

0.5:0.5:1.5:0.5 X1 40000 9.83 2984 74.60

0.5:0.5:1.5:0.5 X2 40000 9.98 2980 74.50 74.60
0.5:0.5:1.5:0.5 X3 40000 10.13 2988 74.70

0.5:0.75:1.5:0.5 Y1 40000 10.67 3060 76.50
0.5:0.75 :1.5:0.5 Y2 40000 10.61 3056 76.40 76.50
0.5:0.75:1.5:0.5 Y3 40000 10.75 3068 76.70

Table 2. Results on Tensile Strength for the Developed Light-weight Composite Slab

Mix Ratio Sample Area of Sample Load Tensile Strength Mean Tensile Strength
(WA:CF:SD:GG) Number (mm?) (kN) (N/mm?) (N/mm?)
0.5:0.5:1.5:0.5 X1 40000 3528 88.20
0.5:0.5:1.5:0.5 X2 40000 3580 89.50 89.50
0.5:0.5:1.5:0.5 X3 40000 3632 90.80
0.5:0.75:1.5:0.5 Y1 40000 3724 93.10
0.5:0.75:1.5:0.5 Y2 40000 3740 93.50 93.53
0.5:0.75:1.5:0.5 Y3 40000 3760 94.00

Table 3. Results of Mean Density for the Developed Light-weight Composite Slab

Mix Ratio Sample Volume of Mass of Sample Density Mean Density

(WA:CF:SD:GG) Number Sample (m?) (kg) (kg/m?) (kg/m?)

0.5:0.5:1.5:0.5 X1 0.008 9.83 1228.15

0.5:0.5:1.5:0.5 X2 0.008 9.98 1245.93 1246.92

0.5:0.5:1.5:0.5 X3 0.008 10.13 1266.67

0.5:0.75:1.5:0.5 Y1 0.008 10.67 1334.81

0.5:0.75:1.5:0.5 Y2 0.008 10.61 1325.93 1334.81

0.5:0.75:1.5:0.5 Y3 0.008 10.75 1343.70

Table 4. Results on Brinell Hardness for the Developed Light-weight Composite Slab

Mean Brinell Hardness

Mix Ratio Sample Area of Sample Mass of Sample Brinell Hardness Number Number

(WA:CF:SD:GG) Number (mm?) (kg) (N/m?) (kef)

0.5:0.5:1.5:0.5 X1 0.04 9.83 58.2

0.5:0.5:1.5:0.5 X2 0.04 9.98 59.5 59.5

0.5:0.5:1.5:0.5 X3 0.04 10.13 60.8

0.5:0.75:1.5:0.5 Y1 0.04 10.67 63.1

0.5:0.75:1.5:0.5 Y2 0.04 10.61 63.5 63.5

0.5:0.75:1.5:0.5 Y3 0.04 10.75 64.0
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Table 5. Results on Flexural Strength for the Developed Light-weight Composite Slab
Thickness  Yieldload  [icxural strength

Mean Flexural strength

. . 2
Slab Symbol Mix ratio (mm) (kN) (N/mm?) (N/mm2)
225.16 7.34
X1 0.5:0.5:1.5:0.5 135 27539 735 7.34
X2 0.5:0.5:1.5:0.5 170 286.64 753 7.52
..... 285.96 7.51 )
349.44 7.43
.5:0.5:1.5:0. 1 .
X3 0.5:0.5:1.5:0.5 95 34990 =) 7.44
413.80 7.23
.5:0.5:1.5:0. 22 2
X4 0.5:0.5:1.5:0.5 0 41500 Y 7.24
484.24 7.06
X5 0.5:0.5:1.5:0.5 245 18348 706 7.06
Y1 0.5:0.75:1.5:0.5 135 228.44 748 7.49
T 22891 7.50 ’
286.98 7.54
Y2 .5:0.75:1.5:0. 1 .
0.5:0.75:1.5:0.5 70 28765 oy 7.55
348.52 7.41
Y .5:0.75:1.5:0. 1 42
3 0.5:0.75:1.5:0.5 95 34044 13 7.4
415.60 7.26
Y4 0.5:0.75:1.5:0.5 220 7.25
414.40 7.24
Y5 0.5:0.75:1.5:0.5 245 486.52 709 7.08
T 485.00 7.07 ’

Table 6. Results on Deflection for the Developed Light-weight Composite Slab
Slab Symbol Mix ratio Thickness  Yield load Flexural Strength ~ Deflection  Average deflection

(mm) (N) (N/mm?) (mm) (mm)
225.16 7.34 87.4

X1 0.5:0.5:1.5:0.5 135 86.52
225.39 7.35 85.9
286.64 7.53 74.4

X2 0.5:0.5:1.5:0.5 170 75.00
285.96 7.51 75.6
349.44 7.43 51.3

X3 0.5:0.5:1.5:0.5 195 51.00
349.90 7.44 50.7
413.80 7.23 334

X4 0.5:0.5:1.5:0.5 220 34.00
415.00 7.25 34.6
484.24 7.06 29.4

X5 0.5:0.5:1.5:0.5 245 29.00
483.48 7.06 28.6
228.44 7.48 30.2

Y1 0.5:0.75:1.5:0.5 135 31.00
22891 7.50 31.8
286.98 7.54 44.6

Y2 0.5:0.75:1.5:0.5 170 44.20
287.65 7.56 43.8
348.52 7.41 50.9

Y3 0.5:0.75:1.5:0.5 195 50.70
349.44 7.43 50.5
415.60 7.26 39.9

Y4 0.5:0.75:1.5:0.5 220 40.10
414.40 7.24 40.3
486.52 7.09 29.7

Y5 0.5:0.75:1.5:0.5 245 29.90
485.00 7.07 30.1
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Table 7. Comparison of the Mechanical Properties of lightweight composite slab and plywood

WOOD MATERIALS
Mechanical Property at Mix Ratio Produced lightweight Plywood Percentage Increase in mechanical property for
/N 0-50.5:1.50.5 composite slab [1,3,4,5,8,9,11] Produced lightweight composite slab (%)
0.5:0.75:15:0.5 p S shtwets P
1 Mean Compression strength (N/m?) 75.55 55 374
2 Average Tensile strength 91.52 70.01 24.5
3 Mean Density (kg/m?) 1290.87 770 67.6
4 Average Brinell Hardness Number (kgf) 61.50 45 36.7
5 Average Flexural strength (N/mm?) 7.34 5.87 20
6 Average deflection (mm) 47.14 40.07 15
1400
1200
1000
o
2 800
&
x 600
=
+ 400
m©
g 200
g
o 0 | s 2 Hw e ——
o Mean Average Average
8 Compressi | Average Mean Brinell g Average
c . . Flexural )
< on Tensile Density Hardness strength deflection
S strength strength (kg/m?3) Number (mm)
(N/mm?2)
2 (N/m?) (kgf)
‘ H Produced light-weight composite slab 75.55 91.52 1290.87 61.5 7.34 47.14
‘ H Plywood 55 70.01 770 45 5.87 40.07

Figure 8. Mechanical Property of lightweight composite slab and plywood

3.1 Discussion of Results

The mean compressive strength of the developed lightweight slab was 74.6MPa and 76.5MPa for mix ratio 0.5:0.5:1.5:0.5 and
0.5:0.75:1.5:0.5 respectively (Table 1). The average compressive strength for both mix ratios was 75.55MPa (Table 7). The average
value of the two mix ratios obtained is about 37.4% greater than the average compressive value of the timber veneer species
(Mahogany, and wood specie) with about average of 55MPa for structural purposes [1, 3,4, 5, 8, 9, 11]. The mean tensile strength
of the developed lightweight slab was 89.50MPa and 93.53MPa for mix ratio 0.5:0.5:1.5:0.5 and 0.5:0.75:1.5:0.5 respectively (Table
2). The average tensile strength for both mix ratios was 91.52MPa (Table 7). The average value of the two mix ratios obtained is
about 24.5% greater than the average tensile strength value of the timber veneer species (Mahogany wood specie) with about
average of 70.01MPa for structural putposes [8, 9, 11]. The average density of slab density were 1246.92 Kg/m?® and 1334.81
Kg/m? for mix ratio 0.5:0.5:1.5:0.5 and 0.5:0.75:1.5:0.5 respectively (Table 3). The average density for both mix ratios is 1290.87
kg/m? (Table 7). The average value of the two mix ratios obtained is about 67.6% greater than the average density value of the
timber veneer species (Obeche wood specie) with about average of 770kg/m? [11]. The mean hardness of the developed light-
weight slab was 59.5kgf and 63.5kgf for mix ratio 0.5:0.5:1.5:0.5 and 0.5:0.75:1.5:0.5 respectively (Table 4). The average mean
hardness for both mix ratios was 61.5kgf (T'able 7). The average value of the two mix ratios obtained is about 37.6% greater than
the average hardness value of the timber veneer species (Iroko wood specie) with about average of 45kgf for structural purposes
[8, 9, 11]. The mean flexural strength of slab for both mix ratio 0.5:0.5: 1.5:0.5 and 0.5:0.75:1.5:0.5 is in accordance with the
allowable limit of the timber veneer and that of light weight element. The highest bending strength were recorded on 170mm thick
slab for both mix ratios while the least bending strength were recorded on 245mm thick slab for both mix ratios. From Table 6,
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the mean deflection of slab ranged from 28.9mm to 86.5mm for mix ratio 0.5: 0.5 : 1.5:0.5 and 29.85mm to 50.7mm for mix ratio
0.5: 0.75:1.5:0.5. The highest deflection were recorded on 135mm thick slab for mix ratio 0.5:0.5:1.5:0.5 and on 195mm thick slab
for 0.5:0.75:1.5:0.5 while the lowest deflection were recorded on 245 mm thick slab for both blend ratios. The results obtained
shows that the developed lightweight composite slab had better mechanical properties than ordinary timber veneer.

4. Conclusion

With the help of Guinea grass, wood sawdust, crack filler, and wood adhesive, the mechanical qualities of wood have been im-
proved. The lightweight composite slabs made with mixture ratios of 0.5:0.5:1.5:0.5 and 0.5:0.75:1.5:0.5 (WA: CF: SD: GG), re-
spectively, demonstrate how the addition of guinea grass, wood sawdust, crack filler, and wood glue enhanced the mechanical
qualities of slabs made from plywood. The findings demonstrate the significance of the compressive strength, tensile strength,
density, hardness, flexural strength, and average deflection of the laminate composite.
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Abstract

This study was carried out to reveal the in vitro cytogenotoxic effect of 2-amino-5-(6-bromo-2-oxo-2H-chromen-3-yl) selenophene-
3-carbonitrile (6-BrCoumSel or CoumSel), a newly synthesized coumarin-selenophene hybrid compound. Coumarin (2H-chromen-
2-one), one of the main components of the test substance hybrid molecule (CoumSel), is an aromatic organic chemical compound
with the formula CoHsO.. Pharmacologically, coumarin belongs to the flavonoid group of chemicals. The other component, seleno-
phene, has the formula CsHsSe and is an unsaturated organic compound containing a five-membered ring containing selenium in its
structure. It is a colorless liquid and is one of the most common selenium heterocycles. It was found that in human lymphocytes
cultured in vitro, the hybrid CoumSel compound increased the frequency of chromosome abnormalities (CA) and micronuclei (MN),
especially at high concentrations, compared to the untreated group (0 pg/ml). However, the increase in MN in the 200 pg/ml 48-
hour treatment was statistically significant. The notable cytotoxic effects were detected at high concentrations. The potential of
CoumSel as an antiproliferative drug with its current properties should not be ignored.

Keywords: Coumarin-selenophene hybrid compound, in vitro human lymphocyte, chromosome aberration, micronucleus, cyto-

toxicity.

1. Introduction

Found in many plants, including some edible plants, coumarin is a pleasant-smelling natural flavoring substance. It has extensive
use in the pharmaceutical and cosmetics industry but is partially toxic to the liver and kidneys. LDso rat: 293 mg/kg (Figure 1) [1].

O%O

NN

Figure 1. Coumarin (benzo-a-pyrone)

Although slightly dangerous to humans, coumarin is hepatotoxic in rats, but this toxicity has been reported to be less in mice.
Metabolism in rodents converts coumarin into a more dangerous and unstable byproduct, causing liver cancer in rats and lung
tumors in mice [2,3]. Although coumarin is a negative mutagen in in vivo studies, it has been demonstrated that it has both
promutagenic properties and can increase the effects of some promutagens by increasing micronucleus stimulation in i vitre cells
stimulated with §9 [4,5]. While some coumarin derivatives showed significant cytotoxic effects due to apoptosis in cancer cell lines
like MCF-7, Hela, etc., they did not show cytotoxic effects in the healthy cell line (HEK-293). It has been stated that these
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compounds are promising antimicrobial agents against pathogenic strains of Pseudomonas aeruginosa and Candida albicans, which
were examined to evaluate their antimicrobial effects [6-8]. Coumarin and its derivatives are an anticoagulant drug prescribed to
reduce the risk of blood clotting, venous thrombosis, and pulmonary embolism by inhibiting vitamin K synthesis [9]. Vitamin K
is an activator of coagulation factors II, VII, IX, and X, so as the amount of vitamin K decreases, the synthesis of these factors also
decreases. Coumarin is an oral anticoagulant that inhibits Vitamin K epoxide reductase, an enzyme that recycles oxidized vitamin
K [10]. Coumarin and its derivatives are preferred in the pharmaceutical industry because they show antioxidant, antitumor, and
anti-inflammatory activity. Some coumarin derivatives constitute the active ingredient of insecticides. Cause of its pleasant smell
is also used in foodstuffs, soaps, perfumes, and other cleaning products. Moreover, coumarin is utilized as an optical brightening
in the structure of laser and fluorescence dyes [11].

The other component of the test substance (CoumSel) is selenophene, which has the formula C4H4Se. Selenophene is an unsatu-
rated organic compound containing a five-membered ring carrying selenium. The selenophene molecule is straight and aromatic
and is subject to electrophilic substitution reactions at the -2 or -2.5 positions. This structure may have brought some properties
to selenophene. These reactions are slower than furan but faster than thiophene. The first confirmed production of selenophene
was achieved by Mazza and Solazzo in 1927 by heating acetylene and selenium together at approximately 300°C [12,13].

Selenophene is a biologically active compound with hepatoprotective, antinociceptive (pain relieving), anticonvulsant [14], anti-
hypertensive [15], and antitumoral [16] properties. Compounds containing selenophene are extremely useful synthetic intermedi-
ates (Figure 2). They can serve as suitable building blocks to synthesize other biologically active compounds.

/Se
VY

Figure 2. Selenophene [17]

Some of the selenophene-derived compounds showed anticancer [18,19], antiradical/antioxidant [20-22], and antiestrogenic ac-
tivity [23,24]. Some selenophene-derived compounds exhibit potent cytotoxic/apoptotic properties with broad-spectrum anti-
tumor activity [25-28]. An enhanced activity of the selenophene analog molecule against DNA gyrase has been documented [29].
Again, tert-butyl benzo[b]tellurophen-2-ylmethylcarbamate, a selenophene derivative, caused inhibition of histone H3 lysine 9
demethylase (KDM4) in Hela cells but did not show such an effect in healthy cells [30].

The selenium contained in the selenophene compound participates in the structure of different compounds in soil, plants, and
water. It is vital for organisms. It is a structural element of many enzymes, notably glutathione peroxidase, which protects cell
membranes from oxidative damage. The chemical form of selenium, the selenium level of the organism, and the number of ele-
ments that interfere with selenium metabolism or increase the requirement in the diet, such as sulfur, vitamin E, lipids, amino
acids, proteins, cadmium, mercury, copper and arsenic, determine the need for selenium. Selenium deficiency can cause different
abnormalities in humans. However, excessive selenium intake can also cause poisoning [31].

This study was conducted to reveal the genotoxic and cytotoxic label of the newly synthesized coumarin-selenophene derivative
molecule (CoumSel), which has the potential to be used for different purposes in many industrial fields and whose biological effect
potential has not yet been adequately evaluated. The studies were conducted with peripheral blood cultures obtained from healthy
volunteers under 7z vitro conditions. The genotoxicity and cytotoxicity findings detected provided significant results regarding this
chemical. Considering the potential of the existing chemical to be used in many industrial areas, the results of the scientific study
will provide an analytic perspective for the future projection of CoumSel.

2. Material and Method
2.1. Test Substance (6-Br- CoumSel or CoumSel)

The test substance in the study, the coumarin-selenophene hybrid compound, 6-bromo salicylaldehyde (6-Br-CoumSel) molecule,
was synthesized in the organic chemistry laboratory of Cukurova University Arts and Science Faculty Department of Chemistry
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as follows: Initially, coumarin compounds were synthesized by Pechmann and Knoevenagel methods. Then, the 2-amino seleno-
phene-3-carbonitrile molecule was synthesized by the Gewald method, and coumarin-selenophene hybrid derivatives were pre-

pared [11].

The test concentrations were determined by conducting preliminary experiments under in vitro conditions with this newly syn-
thesized derivative chemical. In the study, we tried to reveal an insight related to the genotoxic potential of the test chemical by
investigating in vitro chromosome aberration (CA) and micronucleus (MN) induction in peripheral lymphocytes. The cytotoxic
effect of the test substance by mitotic index (MI) and nuclear division index (NDI) data were analyzed.

Chemical name: 2-amino-5-(6-bromo-2-oxo0-2H-chromen-3-yl) selenophene-3-carbonitrile
Chemical formula: C14H7BrN202Se

Nickname: CoumSel (Figure 3)

Molecular weight: 394.08 g/mol

Solubility: Dimethyl sulfoxide (DMSO)

Physical appearance: Solid, brown

Br

CN

2-amino-5-(6-bromo-2-ox0-2H -chromen-3-yl)selenophene-3-carbonitrile

Figure 3. Coumsel

2.2. Chemicals
Colchicine (CAS No: 64-86-8), cytochalasin B (CAS 14930-96-2), Mitomycin C (MMC) (CAS 50-07-7), and DMSO (CAS
67-68-5) were purchased from Sigma-Aldrich Company (Steinheim, Germany).

2.3. Experimental design and statistical analysis

To perform this work, the permits were obtained from the Cukurova University Ethics Committee (06 March 2020/97, Decision
No: 16). Human peripheral blood was taken from nonsmokers four healthy volunteers (two males and two females [ages: 21 and
24]) with an intravenous needle. Human blood culture was treated with CoumSel at 0, 50, 100, or 200 u g/mL concentrations
for one or two cell cycle periods (24 h or 48 h). The highest concentration was determined with OECD TG 473 and TG 489
protocols. According to this protocol, the recommended highest concentration should show 55 £ 5% cytotoxicity. Dimethyl

sulfoxide (DMSO) as the solvent control and mitomycin C (MMC) as well as the positive control were used in the experiments.
All values were reported as means * standard error (SE); we analyzed the data using the One-Way Analysis of Variance (ANOVA)

LSD post hoc test and SPSS software (IBM SPSS Statistics 25). The concentration-response effects we determined using the
Pearson correlation. In group comparisons, the standard level of significance is P<0.05.

2.4. Chromosome Abnormality (CA) Test

To examine the cytogenetic effects of 6-bromo-CoumSel, used as the test substance, we applied four different concentrations (0,
50, 100, and 200 u g/mL) to the healthy peripheral blood culture for 24 or 48 hours. Since the test substance did not dissolve
homogeneously in distilled water, we dissolved it in DMSO, an organic solvent. To block mitosis in the metaphase stage, 0.06
pg/mL of the colchicine solution was added to each tube at the 70th hour of the culture period, and the tubes were mixed by
gently shaking. We pretreated cells with colchicine for 2 hours at 37°C. At the end of the 72nd hour, we harvested and stained the
cells from culture tubes, as stated by Arslan et al. [32].
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The 100 well-distributed c-metaphases in homogeneously stained preparations were examined to detect chromosomal abnormali-
ties (CA) in each variant. To determine the mitotic index (MI), we calculated the percentage of dividing cells at 3000 cells.

number of cells in mitosis

MI(%) = x100 1)

total number of cells

2.5. Micronucleus (MN) Test

The cultured human peripheral lymphocytes were treated with four concentrations of the chemical 6-bromo-CoumSel for 24 or
48 hours. At the end of the culture period, we prepared micronucleus slides for each variant according to the method of Arslan et

al. [32].
To detect micronucleated cells in prepared preparations, we examined 1000 binucleated cells. To calculate the nucleus division
index (NDI), we determined the cells with 1, 2, 3, and 4 nuclei among 1000 cells and applied the following formula.

_ [(1xM1)+ (2x M2) + (3 x M3) + (4 x m4)]
- N (total number of cells)

NDI

2)

3. Results

3.1. Chromosome abnormality (CA) findings

It was found that the CA values caused by the test substance (CoumSel) were at the level of the DMSO and 0 pg/ml groups. Slight
rises in CA findings related to enhanced CoumSel concentration were not meaningful and were within confidence limits. Moreo-
ver, we could not observe a safe number of metaphases in the 48-hour treatment of the highest concentration (200 pg/mL) due to
the possible toxic effect on the culture, so we did not include it in the statistical analysis. Abnormality levels per cell (CA/cell)
showed similarities to CA% values (Table 1). As with CA%, there were no notable differences in CA/cell (P>0.05). On the other
hand, we confirmed the cytotoxic effect potential of the test substance. In particular, the increase in CoumSel concentration caused
significant cytotoxic effects at both treatment periods (24 and 48 hours). The highest concentration of CoumSel (200 pg/ml)
showed a cytotoxic effect compared to the negative (0 pg/mL) control in the 24-hour application (P<0.001). It was statistically
confirmed that this cytotoxic effect occurs at the MMC level. Again, 100 pg/mL CoumSel exhibited significant cytotoxic potential
compared to both the DMSQO control and 0 pg/ml groups in the 48-hour treatment (P<0.001) (Table 1).

Table 1. Chromosome aberrations percentage (CA%), CA/cell ratio, and mitotic index (MI) in human-cultured lymphocytes treated with

CoumSel.
T Treatment
ot Time  Cons. *CA%:SE CA/cell +SE **MI:SE
Substance
(hour) (pg/mL)
MMC 24 0.25 }lL/mL 35.25 +1.25 0.525 +0.018 2.57 £ 0.26 a3
DMSO 24 10 pL 1.00 + 0.00 0.010 + 0.000 6.22 £ 0.23 a3
CoumSel 24 0 1.25 +0.25 a3 0.012 + 0.002 a3 7.39 + 0.47 a3 b2
CoumSel 24 50 1.50 + 0.28 a3 0.015 + 0.003 a3 6.69 £ 0.13 a3
CoumSel 24 100 1.50 + 0.28 a3 0.015 + 0.003 a3 7.00 +0.11 a3
CoumSel 24 200 1.75 +0.25 a3 0.017 £ 0.002 a3 3.28 +0.12¢3
MMC 48 0.25 pL/mL 62.00 +2.19 2.250 + 0.237 1.15+0.16
DMSO 48 10 pL 0.50 + 0.28 0.005 + 0.003 7.24 +0.29
CoumSel 48 0 1.25 +0.25 a3 0.012 + 0.002 a3 7.39 + 0.47 a3
CoumSel 48 50 1.75 +0.47 a3 0.017 + 0.005 a3 7.60 £0.11 a3
CoumSel 48 100 2.00 + 0.40 a3 0.020 + 0.004 a3 5.00 + 0.3 a3b3c3
CoumSel 48 200 - - -

3.1. Micronucleus (MN) findings

In the study, 200 pg/mL, 48-hour CoumSel application significantly increased the MN%o rate compared to the negative control
(0 pg/mL) group (P<0.001). The MN per binuclear cell (MN/binuclear cell) ratio caused by the test substance shows a similar
trend to the MN%eo ratio. Nuclear division indices (NDI) are negatively related to the test substance concentration, but the dose-
effect correlation is not statistically significant. The highest cytotoxic effects occurred at 100 pg/mL and 200 pg/mL. CoumSel in
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these concentrations significantly reduced the NDI value in both treatment periods (24 or 48 hours) compared to both the solvent

(DMSO) control and the negative control group (P<0.001) (Table 2)

Table 2. Effect of CoumSel on the ratios of micronucleus (MN), MN/binuclear cell, and nuclear division index (NDI) in human-cultured

lymphocytes
Treatment
Lot e Cons. *MN%o+SE MN/Binuclear cell - \yp, g5
Substance +SE
(hour) (pg/ml)

MMC 24 0.25 pL/mL 23.50 + 1.041 0.228 + 0.014 1.245 + 0.051

DMSO 24 10 pL 6.00 + 0.408 0.006 + 0.000 1.483 + 0.029

CoumSel 24 0 3.25 + 0.479 a3 0.003 + 0.000 a3 1.367 + 0.030 a2b2

CoumSel 24 50 4.00 + 0.408 a3 0.004 + 0.000 a3 1.433 + 0.009 a3

CoumSel 24 100 3.50 + 0.289 a3 0.004 + 0.000 a3 1.309 + 0.016 b3

CoumSel 24 200 5.75 £ 1.031 a3 0.006 + 0.001 a3 1.185 + 0.023 b3c3

MMC 48 0.25 pL/mL 130.75 + 4.990 0.109 + 0.000 1.095 + 0.015

DMSO 48 10 pL 2.75 +0.250 0.003 + 0.000 1.338 + 0.052
CoumSel 48 0 3.25 +0.479 a3 0.003 + 0.000 a3 1.367 + 0.030 a3
CoumSel 48 50 3.50 + 0.289 a3 0.004 + 0.000 a3 1.309 + 0.016 a3
CoumSel 48 100 2.50 + 0.289 a3 0.003 + 0.000 a3 1.196 + 0.014 alb3c3
CoumSel 48 200 13.00 + 0.577 a3b3c3 0.013 +0.014 a3 1.126 + 0.004 b3c3

" Examined 1000 cells in each donor, 4000 cells in total. ©: Calculated from a total of 3000 cells. a: The difference is
significant compared to the positive (MMC) control. b: The difference is significant compared to the solvent (DMSO)
control. ¢: The difference is significant compared to the untreated (0 pg/ml) control. alblcl< 0.05, a2b2c2< 0.01,
a3b3c3< 0.001.

4. Discussion and Conclusion

The in vitro cytogenotoxic effect hypothesis of the coumarin-selenophene hybrid compound (CoumSel) was tested with in vitro
human peripheral lymphocytes. Experiments revealed that chromosome aberration (CA) and micronucleus (MN) frequencies
increased, especially in cells where high concentrations were applied, but only the MN increase at 200 pg/mL concentration was
significant. There are many effects underlying the emergence of this result. These may be oxidative activity on DNA or microtubule
(mitotic spindle) structure, covalent binding affinity to the DNA backbone, or topoisomerase enzyme inhibition effect. In addition,
the various agents on enzymes or auxiliary factors involved in DNA replication or repair or nucleotide monomers may cause
genotoxicity. According to the results of an old study confirming this idea, monofunctional and bifunctional pyrroles increased
sister chromatid exchange (SCE), which is an indicator of genotoxicity in human lymphocytes, and especially bifunctional pyrroles
were more effective in increasing SCE [33]. A different study reported similar results. According to the results of this study, two
of the three commercially available partially photo-treated pyrrole-derived intermediates (1H-pyrrole-2-carboxaldehyde and 6-
chloro-2-pyridinecarboxylic acid) are genotoxic even at low concentrations, while 2-pyridinecarbonitrile is only cytotoxic [34].

The tautomeric conformation of any biomolecule is determined by the combination and distribution of electrical charges of the
atoms that make up that molecule. Any proton or electron shifts in the molecule may unpredictably affect its standard stability,
causing it to transform into a different conformational form. This situation can directly or indirectly affect the molecule and
prevent its optimized function. Unstable oxygen species (ROS), described as reactive in aerobic respiring cells, attack all biomole-
cules, including nucleic acids, and can disrupt their characteristic electrical dynamics. This phenomenon, called oxidative stress,
can result in the molecule's unique function being restricted or completely blocked. It has long been known that the primary origin
of oxidizing products is electron leaks in the mitochondrial respiratory chain (ETS). Many studies investigating the effects of
oxidative interactions on genome stability released significant outputs. These findings include genomic instability of the cell and
activation or inactivation of various biochemical mechanisms. DNA lesions or molecular dysfunctions resulting from reactive
attack may cause cell cycle arrest and apoprotic cell death. Briefly, it is undeniable that the multicomponent mitotic machinery
that ensures cell division is de facto affected by oxidative stress [35-42]. Test substance CoumSel may have had cytotoxic effects
through different mechanisms. Ersaur et al. stated that Coumsel, a coumarin and 2-aminoselenophene-3-carbonitrile derivative,
showed significant cytotoxic and antiproliferative effects on the MCF-7 cell line. The same researchers found that contrary to
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popular belief, these coumarin derivatives have a radical scavenging (antioxidative) effect, not an oxidative one [43]. It could not
find any reliable study on the direct oxidative effect of coumarin selenophene derivative compounds.

According to the mitotic index (MI) and nuclear division index (NDI) data I determined in my study, CoumSel showed cytotoxic
effects, especially at high concentrations. This observed effect may be due to genotoxicity because they share a similar underlying
pattern. However, there are also minor variational differences in our findings. Although no definite clastogenic effect is observed,
the increase in MN frequency highlights the aneugenic effect of the test substance. I suggest oxidative or nonoxidative impacts on
the cell division apparatus (mitotic spindle, centromere, etc.) as the reason for this. The cytotoxicity in our study may have arisen
from confusion in the spindle apparatus. It is known that tubulin-binding molecules interfere with the dynamic balance of micro-
tubules, destroying microtubule reorganization in the M phase and forming abnormal spindles. This causes cell cycle arrest, leading

to apoptotic cell death [44].

In summary, the genotoxic and cytotoxic effects of CoumSel at high concentrations are remarkable. With this anti-mitotic feature,
it may provide new insight into the solution to the problem of uncontrolled cell proliferation. Additionally, focusing on different
experiments that will reveal the metabolic action of the test chemical will expand the scientific perspective.
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Abstract

Xenobiotic exposures cause an alteration in oxidative stress in fish and metals are one of the most toxic xenobiotics present in the
environment. Thus, freshwater fish (Oreochromis niloticus) were exposed to Cd in different calcium levels (30, 60 and 120 mg/L),
resembling the waters with different hardness. Experiments were conducted in 2 different durations, denoted acute (25 uM Cd, 3
days) and chronic (5 uM Cd, 30 days) and the serum of fish was used to measure the oxidative status. For this aim, total oxidant
status (TOS) and total antioxidant status (TAS) were measured in the serum and associated oxidative stress indicator values (OSI)
were calculated. Data showed that Cd exposures, at all calcium levels, did not cause any fish mortality or changes in feeding behaviour.
Likewise, the oxidative stress parameters did not change significantly (p>0.05) among controls. However, the mean TOS values
between controls and Cd-exposed fish differed significantly (p<<0.05), as there were increases in TOS values in fish. Similatly, the
mean TAS values between controls and Cd-exposed fish also differed significantly (p<<0.05), as there were decreases in TAS values.
OSI values significantly increased in Cd-exposed fish, suggesting oxidative stress. Data showed that significant alterations in the
measured parameters were seen more at the lower calcium levels, emphasizing the protective roles of calcium ions against the toxic
effects of Cd. This study demonstrated the effective and fast determinations of metal toxicity in fish regarding oxidative stress status
and suggested that be used in environmental monitoring.

Keywords: Metal, Cadmium, Calcium, Fish, Oxidative, Antioxidant.

1. Introduction

The aquatic environments are contaminated by different xenobiotics worldwide, causing serious environmental problems. There-
fore, these systems must be controlled using different methods, including the biological responses of aquatic animals. In particular,
rivers and lakes seem to be more affected by industrial or domestic effluents, as they have small volumes and are located in human
settlement areas [1,2]. Metals or metal-containing products are a group of xenobiotics which threaten the aquatic biota, causing
serious problems [3-5].

Several biomarker molecules belonging to different metabolic systems are used to detect the stress that fish face after metal expo-
sures, naming them as “early warning systems” before hazardous effects occur [6,7,8,9]. There is a natural balance between free
radicals and antioxidant defence systems in aerobic organisms. If this balance shifts towards free radicals, oxidative stress occurs.
There are very important enzymes or non-enzymatic substances synthesized in cells to eliminate oxidant substances either taken
from outside (e.g. heavy metals and pesticides) or produced by the organism itself (reactive oxygen derivatives, etc.). One of the
important antioxidant enzymes such as superoxide dismutase, catalase, glutathione peroxidase and glutathione S-transferase. On
the other hand, substances such as alpha-tocopherol (vitamin E), ascorbic acid (vitamin C), beta-carotene, flavonoid, coenzyme Q
and lycopene have non-enzymatic antioxidant properties. In addition to measuring many enzymatic and non-enzymatic parameters
one by one, scientists may achieve quick and easy methods to determine oxidative stress by measuring TOS and TAS together
with OSI values [10,11].

Thus, the present study was undertaken to investigate the effects of cadmium on the oxidative stress status of freshwater fish (O.
niloticns). Experiments were catried out in acute (3 days 25 uM Cd) and chronic (30 days, 5 uM Cd) durations at different calcium
levels (30, 60 and 120 mg Ca/L). Then, the TOS and TAS values in the serum were measured and associated OSI values (arbitrary
unit) were calculated to determine the oxidative stress status of fish.
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2. Material and Method
2.1. Experimental Protocol

Freshwater fish (O. niloticns) are continuously cultured in the pools of the Fisheries and Aquatic Sciences Faculty at Cukurova
University (Adana, Turkiye). Fish were transferred from the pools to the ecotoxicology laboratory situated in the Biology Depart-
ment and placed in glass aquariums (40x40x100 cm) to let them accustomed to the new conditions for one month. The physical
and chemical conditions in the laboratory are presented in Table 1. The experimental room was air-conditioned (21£1.0 °C) and
enlightened with fluorescent lamps (daylight 65/80 W) for 12 hours. The tab water used for the expetiment had a pH value of
8.0+0.3 and a total hardness of 231+2.2 CaCOj3, oxygen levels of 5.7£0.87 mg Oz/L. Fish wete fed once a day with fish food
supplied from Pinar Yem (Izmir, Turkiye). The mean length (15.4+1.33cm) of fish used in the experiments did not differ signifi-
cantly (P>0.05) among controls and exposure groups. The chemicals used in the present study were supplied from Merk Company
(Germany).

Table 1. Data (meantsd) show the physical and chemical conditions of 3 control waters depending on their calcium levels (Caso, Cago and
Caigg) during the experiments

Parameters Cajz Cag Cai
Calcium (mg Ca/L) 28.310.56 58.310.86 115.84+1.52
Tot. hardness (mg CaCO3/L) 98.6+6.76 192+7.54 355+16.5
Alkalinity (mg CaCOs3/L) 99.0+2.34 98.9+4.23 103+5.22
Conductivity (uS/cm) 170%5.55 303+4.34 610£9.97
Oxygen (mg/L) 5.90%0.28 6.021+0.26 6.211+0.28
Tempetature (‘C) 20.5+0.33 21.0+0.55 19.9£0.25
pH 7.08%0.07 7.101+0.06 6.99%0.04

Experiments were carried out using spring waters supplied by Nestle company (Nestle Pure Life), as they had very low Ca levels
(30 mg/L). This water was used as background calcium levels and then, calcium levels of the water were increased to 60 and 120
mg Ca/L by adding CaCl, approptiately, to obtain soft, mild and hard water. Thus, there were 3 controls with different calcium
levels (Caso, Cago Catoo). Finally, fish were exposed to Cd (as CdCl) for 3 days (25 uM Cd) for acute experiments and 30 days (5
uM Cd) for chronic experiments. For each exposure concentration and control, 6 fish (a total of 60 fish) were used and the media
wete changed every 3td day to supply clean watet and re-load Cd and calcium. After acute and chronic dutations, fish wete removed
from the aquariums and killed by the transaction of the spinal cord (permission of the Ethic Committee of Cukurova University).
Blood samples were immediately taken by puncture of the caudal vessel and centrifuged at 3000 X g (Hettich Universal 30 RF,
Germany) for 5 min (4 °C) to obtain the serum. Then, the serum samples were frozen at -85 °C (Esco UUS-480A) for later
measurements of TAS and TOS values. Total oxidant and total antioxidant levels in serum were measured by spectrophotometer
(Shimadzu UV-1800) using Rel Assay Diagnostic kits. The oxidative effects of cadmium and/or calcium were determined by the
method of Erel [12,13].

Statistical Analyses

A statistical package program (SPSS 20) was performed to analyze the data. Acute and chronic exposures were handled separately
and results were accepted if p<0.05. First, data were checked for their normality. Considering the results of this test, One-way
ANOVA test or Kruskal-Wallis One-Way ANOVA test was applied to the data to estimate differences among control and cad-
mium exposure groups. Data showing significant differences were re-tested by Tukey or Mann-Whitney U test to determine group
differed from the individual control group. Mean values and associated standard errors were shown in figures (Figures 1-3), indi-
cating the results of statistical tests.
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Figure 3. Oxidative status Index values (meanzse) in the serum of fish (O. néloticus) exposed to cadmium in differing calcium levels after acute
(A) and chronic (B) exposures. Asterisks indicate significant (p<<0.05) differences between controls and associated cadmium exposures.

3. Results and Discussion

There were no fish deaths after acute and chronic Cd exposures at any calcium level. Likewise, fish did not show any symptoms
of appetite loss or abnormality in swimming. This indicates that the exposure conditions and the levels of Cd were not too high
and relevant to the environmental situations. The Nile tilapia is known for its tolerance and therefore they are accepted as a good
species to study toxicology. This suitability is possibly due to their adaptive capacity to different waters or strong osmoregulation
systems to different waters with different chemical qualities [14,15]. In the present study, the results of the measurements showed
that TAS levels in the serum of O. niloticus decreased significantly (p<<0.05) in chronic exposures, though there was no significant
change (p>0.05) in acute exposures (Figure 1). Oppositely, data showed that TOS levels in the serum of fish increased significantly
(p<0.05) in both acute and chronic exposures (Figure 2). The changes in TAS and TOS levels also altered the OSI values, as there
were significant increases (p<<0.05) in OSI values in both acute and chronic exposures (Figure 3). When data were investigated in
terms of calcium levels, it can be seen that the most significant alterations occurred at the lower calcium levels, emphasizing the
protective roles of calcium against Cd toxicity. Nevertheless, the levels of TAS, TOS or OSI did not differ significantly (p>0.05)
among controls (Cazo, Cago Caioo), suggesting calcium in water does not have predominant effects on these parameters.

There are considerable amounts of literature data regarding the toxic effects of metals in freshwater fish. Metals seem to affect
many physiological metabolisms in fish, changing their activities or levels [1,2,4]. Literature data and our previous studies also
showed that metals, including Cd, had toxic effects in different systems of O. niloticus such as the antioxidant and osmoregulation
systems [16-24]. The above literature data generally demonstrated that chemical or physical qualities of exposutre waters such as
hardness, salinity and temperature also play direct roles in metal toxicity. Likewise, one of our previous studies also demonstrated
that the toxic effects of Cu were more evident in waters with lower conductivity values [25]. In freshwaters, the conductivity levels
mainly depend on water calcium levels. Therefore, the authors suggested that environmental monitoring studies in freshwater
should the conductivity levels to take into account for meaningful comparison. Because the aquatic systems are generally the final
stops of most contaminants discharged by man-made activities, they must be checked often for their metal contaminations. Cad-
mium is a nonessential metal with no known biological metabolisms and occurs in the environment as a result of anthropogenic
activities or from natural sources. After discharge to the aquatic environment, Cd can be accumulated by fish, exerting adverse
effects on different metabolisms. Studies also showed that Cd can cause haematological effects, impaired Ca homeostasis, histo-
logical and morphological deformation [26-28]. Hazardous effects of Cd in ion-regulating tissues (e.g. kidney, gills and intestine)
can lead imbalance of ion concentration in extracellular fluid and an alteration of the osmoregulatory capacity of fish [4,29]. All
kinds of toxic effects of metals in different metabolic systems eventually can cause oxidative stress in fish
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4. Conclusion

The present data showed that Cd exposures cause an increase in TOS levels and a decrease in TAS levels, affecting OSI values in
both acute and chronic durations. However, calcium alone (controls) did not cause any significant change in studied parameters,
though calcium played significant roles in the toxic effects of Cd. In this context, data suggested that the toxic effects of metal
may be much higher in soft waters compared to hard waters and thus, water hardness levels should be taken into account in
environmental monitoring studies.
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Abstract

Polymeric optical fibers (POF) are mono-filaments that guide light and are primarily used for transmitting data over short distances,
as well as for fiber-optic sensors and illumination purposes. These fibers are composed of polymers. Fiber production is inexpensive
compared to glass fibers, and the products are more long-lasting than glass optical fibers (GOF). POFs can be classified into step-
index fibers (SI-POF) and graded index profile fibers (GI-POF) based on their index profile. At first, only fibers with step-index were
manufactured. The need for an augmentation in the potential data transmission rates has resulted in the creation of an index profile,
GI-POF. POF materials are appropriate for transmitting data over short distances and can be integrated with textile structures. Be-
cause short-distance data transfer is sufficient when using POFs in textile structures, SI-POF is a more viable option than GI-POF
due to its lower production cost and the required data transfer distance. The primary goal of incorporating POF material into textile
fabrics is to facilitate media transmission, such as light. POFs can be readily incorporated into a fabric by weaving. The historical
context of the production of POF in a step-index profile and the process of weaving POF has been extensively studied in the literature.

Keywords: Polymeric optic fiber, POF, SI-POF, weaving, woven, fabric

1. Introduction

Polymeric optical fibers (POF) are single filaments that guide light and are primarily used for transmitting data over short distances,
as well as for fiber-optic sensors and illumination purposes. POF generally consists of circular fibers with a core-cladding structure.
The core of the optical fiber is responsible for transmitting light. At the same time, the cladding is necessary to create a reflective
interface with a consistent ratio of refractive indices, enabling total internal reflection.

POFs are used for data transmission, require extraordinary optical quality, and are produced using a highly specialized process.
Regarding textile illumination using POF fabrics, the optical requirements for the POF are lesser significance. Nevertheless, the
cost becomes crucial because of the substantial amount of POF needed for illumination [1]. Figure 1 displays the POF with woven
fabric in the use of textile illumination.

Figure 1. POF with woven fabric for textile illumination [1]
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Historical Background of Polymeric Optical Fibers and Woven Fabrics Made of POFs

The predominant focus of POF literature revolves around communication. The uses of POFs go beyond data transmission. The
illumination industry is one of the largest markets. POF is ideally suitable for integration into textiles. Several fabrics are comprised
of POFs. Subsequently, these fibers can be employed for lighting, wearable sensors, or communication.

POFs with a pure step-index profile, also known as SI-POF, were the initial fibers developed. This implies that a straightforward
optical cladding encompasses a uniform core. The routes within the fiber are determined similarly to a ray in geometric optics.
Using step-index fibers, the ray's path is traced undil it reaches the core interface and cladding interface. At this point, the ray's
reflection is considered by recalculating the direction of propagation. When the reflection is optimal, the angle of incidence and
the angle of reflection are identical. Over the past few years, there has been a significant emphasis on examining and advancing
smart or intelligent textiles. As part of the intelligent textile category, POF textiles have attracted significant attention due to their
pliability, lightweight nature, resistance to electromagnetic interference (EMI), ease of manipulation, straightforward connectivity,
and compatibility with living organisms. POF can be integrated into textile structures by different techniques such as weaving,

knitting and braiding [1].

The main objective of integrating POF into textiles is to facilitate light transmission. Light can illuminate fibers indivudually to
achieve practical effects in fabrics, such as creating a pleasant atmosphere or enhancing safety in sports textiles. Light can be con-
veyed over long distances by travelling along an uncurved trajectory. Nevertheless, due to the phenomenon of refraction, the
luminous power decreases over shorter distances when transmitted through undulating or looped structures. In order to take
advantage of the benefits of POF material, the illuminated yarns within a fabric need minimal undulation or to be straight. Textiles
can be produced from yarns with minimal undulation by weaving or braiding techniques. Both warp and weft knitting methods
generate loop formation. They are susceptible to bending and mechanical strain. Weaving is the most widely regarded textile
technique for transforming optical fibers into textile formations [1]. Figure 2 displays the luminous intensity of POFs depending
on their different bent yarn paths.
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Figure 2. Diminution of luminous intensity resulting from refraction in differently bent yarn paths [2]

Since the 19th century, the production of POF has been initiated for industries. Initially, POF manufacturing was primarily used
for data transmission, but it later expanded to include textile applications. SI-POFs are commonly employed in textile applications
due to their limited data transmission range and reduced manufacturing expenses. In addition, during the 19th century, textile
fabrics made from POF were manufactured for illuminating applications. These manuscripts are intended to demonstrate the
historical background of both POF production and POF woven fabric to guide future trials and research.

2. Literature Review
2.1. Literature Review of Polymeric Optic Fibers

In the latter half of the 19th century, there was significant research interest in the idea of illuminating glass rods. This was because
dentists needed technologies that could guide light to illuminate the entire mouth, as well as for other medical purposes such as
imaging, spectroscopy, endoscopy, tissue pathology, blood flow monitoring, light therapy, biosensing, biostimulation, laser sur-
gery, dentistry, dermatology, and health status monitoring. Optical fibers were first used in medicine to provide internal illumina-
tion during endoscopic procedures. In 1965, Manfred Borner developed the inaugural optical-data transmission system utilizing
optical fibers at the Telefunken Research Laboratories in Ulm, Germany. The technology was granted a patent in 1966. Theodore
Maiman's invention of the first laser system in 1960 marked a significant technological breakthrough [2,3].

Cukurova University Journal of Natural & Applied Sciences (2024) 3(1): 25-31



Esmercan and Kadem

The emergence of laser technology is the starting point for the development of long-distance operational glass fibers and POF. In
the late 1960s, research on light-guiding fibers diverged into two branches: glass and polymer-based optical fibers, which had just
been developed. During the latter decades of the 20th century and the early years of the 21st century, significant advancements in
fabrication technology have led to a substantial reduction in fiber losses. POF applications are well-suited for data transfer, sensor
technology, and the integration of fibers into functional textiles. These applications have significant market potential. The value
of previously published works on POF is attributed mainly to the innovative features of current material selections, intelligent
fabrics, and the market review [2].

Because the monomer materials used were not pure enough, the attenuation remained at approximately 1.000 dB/km. During the
1970s, it significantly reduced losses, approaching the theoretical limit of approximately 125 dB/km at wavelengths of 650 nm.
During that period, there were ample supplies of glass fibers with shallow losses of less than 1 dB/km at wavelengths of 1,300 nm
and 1,550 nm. However, these fibers were only available at a higher cost. Following the complete digitization of data communi-
cation for long-distance transmission in the 1990s, significant advancements in digital systems for individual users began. The
annual international conference for POFs and applications, held since 1992, is a significant indicator of the advancements made

in this specialized field [4].

POF provides substantial benefits compared to glass alternatives. More precisely, the substantial diameter of these connections,
typically ranging from 0.25 to 1 mm, allows for the utilization of inexpensive plastic connections with lower levels of accuracy,
resulting in a reduction in the overall cost of the system. Furthermore, POF stands out due to its enhanced adaptability, ability to
withstand shocks and vibrations, and efficient light transmission from the light source to the fiber. As a result of these advantages,
numerous POF applications have been created and commercialized [5].

Table 1. Historical development of the most significant SI-POF landmarks during the past 45 years [1]

Year Organization Milestone
1968 Dupont First ST POF with PMMA core
1972 Toray First SI POF with PS core
1976 Mitsubishi Rayon Produced Eska™, a PMMA SI-POF: >300 dB/km @650 nm
1981 NTT Low attenuation PMMA SI POF 55 dB/km at 568 nm
1982 NTT First ST POF with deuterated PMMA core 20 dB/km at 650 nm
1983 Mitsubishi Rayon Produced step-index PMMA-POF: 65 dB/km @570 nm
1991 Hoechst Celanese SI PMMA “Infolite” POF 130 dB/km at 650 nm.
1993 Essex University Transmission at 631 Mbps over 100 m by means of a PMMA-core SI POF and an equalizer circuit
1994 Asahi Chemical First multicore SI POF for high speed transmission
1995 Mitsubishi Rayon,NEC Transmission at 156 Mbps over 100 m by means of a low NA SI POF and a fast red LED
1997 POF Consortium of Japan Standardization at ATM LAN 156 Mbps over 50 m of SI POF in the ATM Forum.
1997 POF Consortium of Japan Standardization of the norm IEEE 1394 156 Mb/s over 50 m of SI POF.
1998 MOST Standard for Automobiles started
2006-2007 10 Mbps over 400 meters of 1 mm SI POF (4-PAM, 8-PAM
2006-2007 100 Mbps over 200 meters of 1 mm SI POF (4-PAM, 8-PAM)
2011 POF-PLUS 1 Gbps over 50 meters of ST PMMA
2011 Opto Marine Co., Ltd. /Korea 1 mm SI POF with data rates of 500 Mbps, 5 Gbps and 10 Gbps at 100 meters at 650 nm.
2013 KDPOEF/Spain 1 Gbps of SI POF for Automotive Industry

The progression of SI-POF can be seen in Table 1. The primary focus of POF literature revolves around communication. POFs
have a wide range of uses beyond just transmitting data. POF is highly compatible with integration into textiles. Many textiles
consist of polymer fibers. Subsequently, these fibers can be employed to provide light, function as sensors that can be worn, or
facilitate communication [2].

Digitalization is happening constantly, especially in industrial controls, consumer electronics, and automotive applications that
need cheap, short-range connectivity and better performance. This will make the market for POF solid and stable in the future.
POF has also capitalized on a vast market with diverse applications. The utilization of GOF primarily focuses on the communica-
tions and IT industries, whereas POFs are employed across a wide range of sectors, ensuring minimal risk of downturns. GOF did
not penetrate the short-distance market due to its high cost, intricate design, and operating frequency. POF has a significant
opportunity due to reduced prices, improved performance, and resistance to electromagnetic noise and interference [2].
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2.2. Literature Review of Polymeric Optic Fiber Woven Fabrics

Weaving is the predominant technique for producing POF textile structures, surpassing the usage of knitting and embroidery
methods. Incorporating POF into woven structures is essential for attaining a luminance effect. This can be accomplished by
minimizing the bending of POF at a considerable [6].

The incorporation of POF into woven fabrics was first documented in the early 1960s. POFs are commonly used in weaving as
weft yarns. Indeed, they can also be employed as warp yarns. This is typically the case for ribbon fabrics, as they are incredibly
narrow. Standard multifilament or staple fiber yarns composed of cotton, PET, or other materials can be utilized for the second
thread. Transparent yarns enhance the evenness of luminance by allowing the radial light emitted from the POF beneath them to

pass through [7].

Before implementing beam warping, defining the application of POF is necessary. It has a great importance to know in which
application POFs will be used. According to the application, also desired précised bending and illumaniton effects could be con-
sidered to use POFs as warp or weft POF used as weft yarn exhibits greater versatility compared to POF used as warp yarn.
Predefining the patterning is unnecessary. Nevertheless, not all methods of inserting weft are suitable for processing POF [2].

In 1979, Maurice Daniel conducted research to develop a fabric that incorporates fiber optic illumination, with the fiber optic
elements integrated into the fabric's threads. Another aim of this invention is to present a technique for illuminating apparel using
fiber optic technology. The previous invention aimed to incorporate POF into a textile product in order to illuminate and display
the light-transmitting section of the POF in relation to the textile product. However, the primary objective of this study was to
demonstrate the consistency of illumination. The invention involved integrating POF as a substitute for traditional fabric yarns,
such as warp and weft. The invention claimed to incorporate fiber optics into the fabric, enabling their use for purposes such as
illumination, heat, or suntanning [8].

In 1988, Jeffery R. Parker conducted a study on enhancing the optical efficiency of a light-emitting panel and increasing its light
output. Typically, when light enters one end of POF, it emerges from the other end but decreases the intensity. Nevertheless,
light will be emitted at these locations if the surface of the optical fiber is scratched or deformed due to bending at specific points.
The panel is optimally designed to serve as a backlight for a liquid crystal or similar device. It efficiently transmits light to the
emitter surface from a distant light source through a cable or light conduit connected to either or both ends of the emitter surface

[9].

(2) Textile web

(3) POF

Figure 3. Textile web and POF [4]

Delphine Molhamme conducted a study in 2007 on a fabric web that consists of optical fibers woven with binding yarns. These
optical fibers can emit light sideways. The illuminating assembly comprises a textile web (2) in which POF(3) is interwoven with
binding yarns (4). The binding yarns (4) arrangement typically follows the warp direction, while the POF (3) is typically arranged
in the weft direction, depending on the specific implementation. In order to improve the lighting properties of an illuminating
structure that consists of a textile web (2), it is possible to locally weave binding yarns (4) with POF(3). The binding yarns, when
interwoven in a "fabric" weave, can create empty spaces that enable the transmission of the optical fibers' luminous energy. The
textile web is affixed to a rigid substrate and adhered using a bonding agent. POF (3) maintains constant communication with
bonding intermediate in this scenario. The bonding intermediate facilitates the direct reflection of light emitted by POF. Figure 3
displays the presence of the textile web and POF [10].
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The interior of the optical fibers can be made of one of the following materials: polymethyl-methacrylate (PMMA), polycarbonate
(PC), or Cyclo-Olefin Polymers (COP). The yarns used for binding were woven from synthetic fibers.

In 2013, Thomas Franz et al. studied an illuminated fabric composed of glass fibers. The invention aims to create a radiant textile
that exhibits exceptional lighting capabilities and maintains consistent brightness throughout its entire surface. Glass is a highly
transparent substance to visible light. Utilizing glass fibers prevents light attenuation in the luminous woven fabric, thereby en-
hancing its optical efficiency and luminosity. The research shows that the luminous woven fabric is made up of glass yarns with a
tex of 68 as the warp yarns and POF produced from PMMA/PTFE with a diameter ranging from 250 pm to 500 um as the weft
yarns. This combination of materials makes for good lighting levels. The woven textile supports are created using a 4, 8, and 12
harness satin weave, with a weft density ranging from 8 to 14 yarns per centimeter. The best lighting happens when optical fibers
are 500 pm in diameter and have a density of at least 8 yarns/cm, preferably at least 10 yarns/cm, and ideally at least 12 yarns/cm
are used in woven textile supports. Using specific-sized glass filaments as warp yarns increases the chances of increasing the density

of optical fibers [11].

Also, in 2013, Hans-Joachim Kobek researched to develop a textile fabric with consistent luminosity throughout. The self-lumi-
nous fabric, which is already known, includes an additional layer of transparent yarns positioned directly above the second layer.
This layer functions as a diffuser, dispersing light evenly. Given its established arrangement, the objective is to achieve consistent
illumination across the entire surface of the self-luminous fabric. Controlling this configuration of either transparent or partially
transparent fibers is challenging and relies on the specific type of light coupling. The luminosity of the light-emitting surface is
insufficient due to the omnidirectional emission of light from the light-emitting yarns, which lack a specific direction of light
emission. Currently, no structure can separate the emitted light in a way that allows it to be directed with a high level of brightness
and a consistent brightness perception on the side where the light is emitted. The objective is accomplished by implementing a
light decoupling structure where reflector elements are printed on at least one side of the luminescent textile's surface. These
reflector elements are specifically designed to reflect light in a targeted manner and thus adhere to the light-guiding elements. This
fabric utilizes the POF. One side of the luminescent textile contains flexible reflector elements that are distributed and bonded to
the surface of the threads in a coating process. These reflector elements maintain the flexibility of the textile and are designed to
reflect the light emitted into the fibers. Figure 4 displays the weft yarn as POF(1), the warp yarn(2), the reflector elements (10),
and the crossing point of the weft and warp yarns (30). The invention primarily involves the creation of a uniformly bright and
consistent surface [12].

(30) Crossing

points

2 (10) Reflector

elements

(1) Weft yarns
(POF)

(2) Warp yarns

Figure 4. Fabric with reflector elements [12]

Zhou Leijing studied a flexible light-guiding optical fiber fabric in 2014 at Ningbo Jingzhi Electronic Technology Co. in Shenzhen,
Guangdong, China. The invendon uses a pliable fabric made of optical fibers that transmit light. The weft threads are formed by
alternating PMMA optical fibers, while the warp threads consist of regular yarns. The diameter of the POF ranges from 0.2 mm
to 0.8 mm. This fabric uses a sateen weave with 8 or 16 picks in the weft direction. The claims aspect of the application involves
utilizing the flexible light-conducting POF fabric in domestic textiles and dress ornaments [13].

The comprehensive Table 2, which pertains to the information below regarding their region, active timespan, status, etc., is dis-

played.
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Table 2. Historical background of weaving [14]
Year Inventors Main Claim Landscape | Timespan Status Assignee
1967 Burton N.Derick Luminous textile products Delaware, ,USA | 1967-1987 Expired EIDP Ldd.
1979 Maurice Daniel Fabric with fiber optic illumination Ohio, USA 1979-1999 Expired Individual
1988 Jeffrey R. Parker Improve the optical efficiency of a light emitting panel Ohio, USA 1988-2008 Expired Lumitex Inc.
2007 | Delphine Malhomme | Fabric web comprising warp and/or weft optical fibers | Villeurbanne,FR | 2007-2009 Abandoned Brochier Technologies
2013 Thomas Franz Illuminated fabric which comprising glass fibers Chambery,FR | 2013-2016 Abandoned Saint Gobain Adfors SAS
2013 | Hans-Joachim Kobek Uniformly luminous textile fabric Traunreut, DE 2013- Active Motherson Innovations Lights
GmbH
2014 Zhou Leijing Flexible light-guiding optical fiber fabric Guangdong,CN 2014- Pending Ningbo Jingzhi Electronic
Technology Co. Lid.
2015 Leng Jianjun Polymeric optical fiber, luminous fabric and its manu- | Jiangsu,CN 2015- Active Xuzhou Guohong Packaging
Zhang Fang facture method Co., Ltd
2021 Benjamin Mohr Device and method for preparing a fiber optic fabric Bochum, DE 2021 Active Munda Textile Lichtsysteme
Niklas Stracke GmbH

In 2015, Leng Jianjun researched POF and luminous fabrics in Jiangsu, China. This undertaking produces luminous fabrics by
intertwining weft yarns as POF. The POF within the fabric undergoes weaving on the loom, and the POF, after being bound and
connected to a specific light source, creates a luminous POF fabric. The warp thread consists of man-made fibers with a line density
ranging from 120 to 300 tex. The weft yarn is made of POF, and the light source is a 5 mm blue LED. The fabric possesses the
subsequent attributes: The weft density and thickness are 250 per 10 cm. Due to the intricate weaving of POF, it possesses high
durability, and the resulting luminous fabric exhibits exceptional brightness and longevity [15].

In 2021, Benjamin Mohr and Niklas Stracke conducted research on a device and technique for fabricating a fiber optic fabric. The
objective of this invention is to offer a device and technique that allows for the preparation of a fiber optic fabric in the most
straightforward and adaptable manner, enabling efficient, flexible, and controlled introduction of light into the fabric. The length
of the exposed ends of the light-guiding fibers can vary across the width of the light-guiding fabric. The device based on the
invention offers a notable benefit in that the level of exposure of the ends of the light-conducting fibers can be determined separately
from the fabric. This determination can be achieved through the design of the combing device or by adjusting the relative move-
ment of the combing element and the feed device [16].

3. Results and Discussion

The production of SI-POF has made significant advancements in reducing attenuation over the past 45 years. The advancement
and tangible outcomes of POF manufacturing have generated significant prospects for textile lighting applications. The utilization
of POF in textile illumination applications has yielded favourable outcomes, showcasing the weaving capabilities of POF through
numerous examples. These trials have been conducted using various weaving patterns and methods to incorporate POF into woven
textiles for illuminating textile applications.

4. Conclusion

POFs are utilized for both illumination purposes and data transmission. These enlightening applications are seamlessly incorpo-
rated into textile structures. POFs are required to exhibit reduced bending in order to facilitate their integration into textiles, as
there is a risk of POFs breaking. POF for data-transmission must have a very high optical quality and are therefore manufactured
through a very specialized procedure. When it comes to textile illumination with POF fabrics, the optical criteria for the POF are
less important. In addition to the production of fibres, weaving is vital for the textile illumination. POFs are most effectively
incorporated into textiles through the process of weaving. This manuscript serves as a guide by presenting the production and
advancement of POF, a material that has experienced significant growth in recent years. It also discusses the incorporation of POFs
into textile applications and the latest weaving applications of POFs for upcoming research and experimentation.
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Abstract

E-commerce stands out as the sales form with the fastest growth momentum with high sales volumes. Managing sales volumes
efficiently is of great importance in maximizing customer satisfaction. By accurately predicting delivery times, effec-tive logistics
optimization is achieved and customers are informed about how long it will take for their cargo to be delivered. In this study, it is
aimed to develop cargo delivery time prediction models with machine learning-based Categorical Boosting (CatBoost), Decision Tree
(DT), Extreme Learning Machine (ELM), Light Gradient Boosting Machine (LightGBM) and Support Vector Machine (SVM). The
5113-row dataset contains delivery history information for the 16-month period between February 14, 2019, and June 13, 2020. The
petformance of the developed models has been evaluated using Mean Absolute Percentage Error (MAPE) by utilizing 5-fold cross-
validation on the dataset. The results show that the models developed using SVM exhibited the most successful prediction perfor-
mance.

Keywords: Delivery Time Prediction, Machine Learning, E-Commerce

1. Introduction

E-commerce is attracting attention as a fast-growing sector and is causing radical changes in the world of commerce. In the first
half of 2023, the share of trade in total trade increased to 19.1%, which illustrates the growth potential of the sector [1]. In this
context, the development of e-commerce offers small and medium-sized enterprises the opportunity to compete and grow in
global markets. Establishing themselves in this highly competitive market allows companies to expand their cus-tomer base,
increase their market share, strengthen brand awareness and improve the customer experience through continu-ous innovation.
However, to thrive in the highly competitive e-commerce environment, customer satisfaction must be max-imized. Providing a
user-friendly website, solution-oriented customer service and fast and reliable delivery are strategic measures that increase cus-
tomer satisfaction.

In recent years, fast delivery has become increasingly important in the modern e-commerce world as customer expectations shift
towards instant gratification, offering competitive advantages and increasing customer satisfaction. The proliferation of services
such as Amazon Prime, Hepsiburada and Trendyol has enabled consumers to view fast delivery as the norm. Busi-nesses that
offer fast delivery can stand out in a competitive market, expand their customer base and build a loyal customer base. The com-
bination of these factors has led to fast delivery, which is becoming an essential element in the e-commerce industry [2].

Research shows that customer satisfaction is 20-30 higher for companies that offer fast delivery than others. In addition, it has
been observed that the likelihood of customers making repeat purchases increases by up to 70% for companies that offer fast
delivery. It has been determined that companies with customer profiles that share their fast delivery experiences on social media
have lower complaint and return rates than other companies [3].

Cargo companies focus on basic components such as shortening delivery times, reducing costs, and delivering products to cus-
tomers without damage. These components are evaluated using data received from cargo companies and are reflected in agree-
ments made with parameters such as regional deadlines and the number of packages for regional and non-regional de-liveries.
Although these standards are shaped within a certain framework, differences in delivery times may occur due to the product
diversity and customer profile of each brand. These differences are of great importance as they can cause the loss of potential
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customers. To overcome these differences, brands must constantly optimize their logistics processes, increase operational effi-
ciency, and provide flexibility to quickly respond to customer demands.

In this context, delivery time estimation stands out as a strategic tool that enables the optimization of logistics processes. This
study aims to predict delivery time using machine learning-based methods. For this purpose, prediction models have been devel-
oped using CatBoost, DT, ELM, LightGBM and SVM.

This study is organized as follows: Section 2 includes relevant literature. Methodology is presented in Section 3. Section 4 presents
delivery time prediction models. Results and discussion are given in Section 5. Section 6 concludes the paper.

2. Literature Review

[4] presented the Marine Predators Algorithm (MPA) for Shipment Status Time Prediction (STP). Initially validated on nu-merical
benchmark problems, STPMPA surpassed all algorithms, demonstrating superior performance. Employing Extreme GB optimiz-
ers, STPMPA outperformed compared optimization algorithms for the STP problem, illustrating its efficacy in producing efficient
forecasts for real-time systems. [5] proposed the Heterogeneous HyperGraph Neural Network (H2ZGNN) model for estimating
package arrival time. This model introduced an order heterogeneous hypergraph, where hyperedges represent orders and nodes
represent order attributes. Leveraging Hyper-Graphsage, HZGNN extended hypergraph learning to large-scale e-commerce data,
enabling informative representations of packages by preserving both structure-based infor-mation learned by hypergraph and
feature-based information captured by Transformer, ultimately outperforming baseline methods. [6] introduced the Knowledge
Distillation Graph (KDG) NN based package Estimated Time Arrival (ETA) pre-diction model, termed KDG-ETA. This model
utilized information densification to condense past trip knowledge into Origin-Destination pair embeddings, thereby combining
context embeddings from the feature extraction module with com-prehensive trip information. An adaptived attention module
was incorporated for delivery time estimation, resulting in a 3.0% to 39.1% reduction in Mean Absolute Error. [7] proposed
Heterogeneous Tasks Aware Package Pick-Up Time (HTAPT), a package pickup time prediction framework comprising a pre-
trained arrival time prediction module and a pickup time and route prediction module. HTAPT demonstrated improved forecast
accuracy by up to 10% compared to state-of-the-art methods. [8] aimed to develop a novel machine learning forecasting method
by integrating time series data features and the Adaptive Neuro-Fuzzy Inference System. Their proposed framework established
a four-stage operations model, facilitating systematic forecasting of real-time e-order arrivals at distribution centers to enhance
third-party logistics providers' efficiency in handling houtly e-order artival rates. [9] introduced the Graph Structure Learning-
based Quantile Regression (GSL-QR) model for e-commerce ETA prediction. GSL-QR dynamically updated spatial and temporal
order relationships using graph structure learning optimized for ETA forecasting tasks. This multi-objective quantile regression
model guaran-teed both forecasting accuracy and order fulfillment rate, demonstrating superiority over baseline models. [10]
presented the Inductive Graph Transformer (IGT), which leverages raw feature information and structural graph data to estimate
package delivery time. IGT's discrete pipeline-trained transformer captured various information from raw features and dense
embed-ding data as a regression function, thus outperformed state-of-the-art methods in delivery time prediction. [11] aimed to
assess the effectiveness of e-scooter sharing services in the delivery of postal services in Turkey by estimating the delivery time
and energy cost of e-scooter vehicles for distributing mail or goods. Random Forest (RF), GB, K-Nearest Neighbor, and NN
were among the machine learning algorithms used. They discovered that the GB algorithm had better prediction per-formance
for energy cost and delivery time, demonstrating the financial and environmental benefits of e-scooter delivery vehicles over
conventional vehicles. [12] developed a data-driven framework for managing customer expectations and im-proving satisfaction.
Utilizing tree-based models, their approach generated distribution estimated and employed a new quan-tile regression forest par-
titioning rule with a cost-sensitive decision-making structure, achieving superior prediction perfor-mance compared to traditional
commitment times. [13] proposed the Graph2Route model, a dynamic spatial-temporal graph-based model leveraging underlying
graph structure and features for encoding and decoding. Demonstrating superiority over existing models, Graph2Route captured
evolving relationships between different problem instances, offering promising prospects for route optimization.

3. Methodology
3.1. Support Vector Machines

SVM is a supervised learning technique utilized in high-dimensional space to discern a hyperplane effectively segregating data
points, enabling their analysis for both regression and classification purposes. In the pursuit of segregating distinct catego-ries of
data points, SVM may utilize various hyperplanes. The principal objective of the algorithm is to ascertain the hyper-plane max-
imizing the margin, defined as the largest separation distance between data points belonging to different classes [14].
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3.2. Light Gradient Boosting Machine

The LightGBM, a gradient-boosting framework, leverages tree-based learning methods. Distinguished from its predecessors, it
offers several advantages, including accelerated processing, minimal RAM usage, support for parallel GPU learning, and height-
ened computational velocity. Employing a histogram-based approach, LightGBM efficiently segregates discrete-value continuous
variables to mitigate processing costs. The granularity of divisions required for computation significantly impacts the training
duration of decision trees. LightGBM optimizes resource consumption and expedites training by iteratively partitioning the tree
per leaf and selecting the leaf with the maximal reduction in loss, thereby averting overfitting despite potential complexities
inherent in smaller datasets [15].

3.3. Categorical Boosting

CatBoost, an open-source machine learning methodology rooted in GB, stands out within the field. Its notable attributes include
rapid learning convergence, adept handling of diverse data types such as text, categorical, and numeric variables, compatibility
with GPU acceleration, and comprehensive visualization capabilities, distinguishing it from conventional methods. Furthermore,
CatBoost excels in the classification of categorical data and adeptly manages missing values without necessitating supplementary
coding interventions during the data preprocessing phase [16].

3.4. Extreme Learning Machine

ELM stands as a training algorithm exhibiting promising performance particularly within the realm of single-hidden-layer Feed
Forward Neural Networks (FFNN). It manifests notably expedited convergence in contrast to traditional methodolo-gies [17].
Diverging from conventional FFNN learning paradigms, such as the Back Propagation Algorithm (BPA), ELM eschews reliance
on gradient-based techniques. Notably, it obviates the need for iterative training, as all model parameters are deterministically
established in a single pass during the learning process.

3.5. Decision Tree

DT approach represents a supervised machine learning technique applicable to problems encompassing both regression (for
continuous output values) and classification (for discrete output values). Its nomenclature derives from the tree-like structure,
wherein features (or conditions) serve as branches, while class labels constitute the terminal nodes or leaves. The principal strength
of DT lies in its inherent simplicity, interpretability, and visualizability. Moreover, it accommodates the integration of decision-
making processes within the tree framework. Notably, this approach is adept at modeling datasets characterized by intricate
nonlinear relationships between input and output variables. However, it is pertinent to acknowledge its suscepti-bility to overfit-
ting and its limited efficacy in handling classification tasks involving multiple output classes [18].

4. Dataset Overview

The dataset obtained from Kaggle [19] consists of 5113 rows, containing historical delivery data for the 16-month period between
February 14, 2019, and June 13, 2020. Categorical variables in the dataset have been converted to numerical values using One-
Hot Coding. The features and their descriptions are presented in Table 1.

Table 1. Features in the Dataset

Feature Name Definition
Year Year
Month Month of the year
Day Day of the month
Hour Hour of the day
Minute Minute of the hour
Second Second of the minute
PuP Pick up point
DoP Drop off point
Source_country Country from where the product needs to be delivered
Destination_country Country to where the product needs to be delivered
Freight_cost Cost of transportation / kg
Gross_weight Gross weight in kg which needs to be delivered
Delivery_charges Fixed cost per delivery
Delivery_mode Method of delivery
Delivering company Candidate delivering company
Shipping_time The time that it takes for a product to reach their destination

Cukurova University Journal of Natural & Applied Sciences (2024) 3(1): 31-35




Development of cargo delivery time prediction models

5. Delivery Time Prediction Models

Models have been developed using CatBoost, DT, ELM, LightGBM and SVM to predict delivery times. 5-fold cross validation
has been applied for each method. To increase the model's success, the optimal values of the specified hyperparameters have
been found using grid search. The developed models have been evaluated using the MAPE metric since delivery time prediction
is a regression problem. The hyperparameter ranges used as a basis for developing prediction models are given in Table 2.

Table 2. Hyperparameter Ranges

Methods Hyperparameter Range
“Max_Depth”: [5, 16]
CatBoost “Iterations™: [3, 4]

“Learning_Rate”: [0.6, 1.0]
“Max_Depth™: [5, 12]
DT “Min_Samples_Split”: [2, 4]
“Min_Samples_Leaf: [1, 4]
“Alpha”: [0.1, 0.4]

ELM “Neuron_Size™: |25, 75]
“N_Estimators™: [75, 130]
LightGBM “Max_Depth”: [5, 10]
“Learning_Rate”: [0.1, 0.2]
“Nu’: [0.5, 0.9]
SVM “C”:[1,7]
“Degree”: [3]

6. Results and Discussion
The MAPE’s obtained with the developed prediction models are given in Table 3.

Table 3. MAPE’s of Delivery Time Prediction Models

CatBoost DT ELM LightGBM SVM
1. Fold 21.23% 19.55% 21.94% 23.21% 19.61%
2. Fold 21.18% 19.29% 23.23% 23.95% 19.02%
3. Fold 21.57% 18.43% 22.74% 24.98% 18.04%
4. Fold 19.93% 19.36% 23.7% 19.5% 18.95%
5. Fold 18.98% 20.75% 20.78% 19.98% 18.06%
Average 20.58% 19.48% 22.48% 22.32% 18.74%

—  The performance of SVM-based prediction model is 1.84% higher than that of CatBoost-based prediction model.

—  SVM-based prediction model provided 3.74% lower MAPE than ELM-based prediction model.

—  LightGBM-based prediction model has 3.58% higher MAPE than SVM-based prediction model.

—  The DT-based prediction model shows a performance close to the SVM-based prediction model with a difference of
0.74%.

—  The performance of DT-based prediction model is 1.1% higher than that of CatBoost-based prediction model.

— ELM and LightGBM-based prediction models have 3% and 2.84% higher MAPE, respectively, than DT-based predic-
tion model.

Upon examination of the obtained results, it has been observed that, in general, the models developed using SVM exhibited the
most successful prediction performance. ELM has been the model with the lowest performance and the highest MAPE among
the developed forecasting models. As a result of the analysis, it has been observed that SVM and DT models provide satisfac-
tory results in delivery time prediction.

7. Conclusion

Today, e-commerce has gained rapid momentum with large sales volumes. Consequently, the number of deliveries has also in-
creased. To accurately plan the increasing number of delivery, the duration of these deliveries must be predicted. Logistics opti-
mization can be achieved by planning the cargo delivery time, and customer satisfaction can be maximized by providing infor-
mation about when the cargo will be delivered. In this study, the performance of different machine learning methods on cargo
delivery time prediction have been compared. The prediction models have been evaluated with the MAPE metric. When the

m Cukurova University Journal of Natural & Applied Sciences (2024) 3(1): 31-35



Hanedar et al.

results obtained from the developed prediction models have been examined, it has been found that SVM had superior perfor-
mance in predicting delivery times.
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