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Abstract: Keywords:

The need to find environmentally friendly alternatives to synthetic fibers has led to an  Abelmoschus esculentus
increase in interest in natural plant fibers over the past few decades. ) (Egyptian  Okra)  Fibers,
Bast fibers, a relatively new class of eco-friendly materials that combine technological, Agro- Waste, extract (water
financial, and ecological factors, have experienced significant demand in recent years. retting) chemical
Naturally extracted okra fiber was used In this study. After harvesting, the okra stems g9, )

are treated as agro-waste without benefiting from it. Therefore, the purpose of this ~ COmPposition, Physical and
study is to utilize agricultural waste to obtain okra bast fiber and decrease the =~ Mechanical Properties,
greenhouse gas emissions caused by burning agricultural waste. The chemical  Scanning Electron
composition, physical, and mechanical properties of these fibers were studied as well  Microscope (SEM), Optical
as the morphology of Egyptian okra fibers, were studied through optical microscopy Microscope.

and scanning electron microscopy (SEM). When comparing the properties of these

fibers with some bast fibers, a strong similarity was found between them, such as jute,

flax, hemp, and ramie.
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1. Introduction:

Increasing awareness of the damage synthetic
materials cause to the environment has led to the
development of environmentally friendly materials.
The development of such materials that can replace
synthetic materials has attracted the attention of
researchers. As a result, there is an increase in
demand for natural fibers to be used in
commerce.®

The focus of biodegradable and sustainable fibers is
on clothing that will benefit from biodegradation
and is made from environmentally friendly
materials.?. Among the various natural fibers is
bast, which is mostly produced or extracted from
plants, and considered a significant source of
fiber.®

Bast fibers are mainly composed of lignocellulosic
materials. It is extracted from the outer cell layers
of different plant species' stems. ©®, Cellulose,
hemicellulose, and lignin are the three biopolymers
that make up lignocellulosic materials, along with a
few other, smaller substances.® The ratio of these
chemical components varies with age, growth
conditions, fiber source, and extraction technique.
Bast fibers contain 60—75 percent cellulose, the
primary structural element that gives plant cell
walls and fiber their tensile strength and stability.®
Research Problem:

The stem of the okra plant is disposed of as
agricultural waste. Without benefiting from it,
although it is an abundant source of okra fiber.
Research Importance:

Increasing environmental awareness by exploiting
the stems remaining as agro- waste after harvesting
the okra to produce bast fibers and decrease the
greenhouse gas emissions caused by burning these
wastes.

Research Objectives:

Extracting fibers from Egyptian Okra stems and
examining its properties.

1.1 Okra (Abelmoschus Esculentus)

Okra (Abelmoschus esculentus) known in many
English-speaking countries as lady's fingers. Okra,
a commercial vegetable crop, is a member of the
Malvaceae family. Although okra can be grown on
a variety of soil types, well-drained fertile soils
with sufficient organic matter produce a high yield.
In the tropics, the crop is frequently grown all year
long. Okra fibres are extracted from stem wastes
that are left behind in fields following the harvest of
okra plants.®

After harvesting the okra, the stems of okra plant
remain as agro-wast in many agricultural lands in
Egypt. The photos were taken from one of the
agricultural areas in Damietta Governorate. Figure
(1) (Researcher)

1.2 Extraction of Fibers:

Natural fibres can be extracted using a variety of
techniques, including mechanical, chemical, and
biological ones. Depending on the volume of fibre
produced or the quality and qualities of the fibre
bundles obtained, each approach offers a different
set of benefits or disadvantages®. In this study,
biological natural retting was used for obtaining
okra fibers from stem wastes.

1.3 Microbial Retting or Water Retting:

Water retting is based on microbiological retting,
which is one of the most extensively used technique
for extracting natural fibres.1® Retting is also
known as degumming. It is a chemical procedure to
separate individual fibers from non-cellulosic
material that has been adhered to them. %
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(a)

This technique involves submerging clusters of
stalks in water. Finally, the water entered the root,
increasing the water level inside the stem and
causing the topmost skin to burst. This heightened
uptake of moist air and decaying bacteria® which
liberate the bast fibre from the surrounding cortex
by dissolving pectin.®?

The duration of time needed for retting depends on
the water temperature, location, season, weather,
water depth and source, stalk thickness, and amount
of straw in relation to water volume. The stems are

2. 2. Methodology, Extraction of Okra Fibers

The research follows the analytical experimental
approach, which aims to extract fibers from
Egyptian okra stems and examine their properties.
The water retting technique is used to extract okra
bast fiber. Following the fresh okra plant's harvest,
a number of waste stems are immersed in water for

Figure (1) (a) okra field (b) okra plant's

A Figfe) Waste Stems of the Egyptian Okra Plant

stems after harvesting. (Researcher)

watched carefully during retting to prevent
excessive fibre material breakdown, which would
reduce fibre strength. Retting time, cellulose
polymerization level, and fibre strength all have a
direct relationship. 44

2. Experimental

2.1. Materials

The waste stems of the okra plant, which is
naturally available, were taken from one of the
agricultural lands in Damietta, figure (2).

14 days to promote microbial decomposition, which
makes it possible to easily separate the fibres and
undesirable items caught in the fibres under running
water. Then the fibres were dried in the sunlight.
figure (3) shows Egyptian okra fibers after
extraction(a) and after drying(b).
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a) b)
Figure (3) Egyption okra Fibers (a) Fiber after extraction (b)Fibers after drying.

3. Measurement and Characterization Mansoura University and National Research Center

The tests were carried out under standard (Textile Research and Technology Institute).

conditions at the electronic microscope unit at

Table.1. Laboratory Tests and Standard Specifications

Test Standard Specification

Lignin (%) TAPPI T2220m (15)

Ash (%) ASTM D2584 (16)

Moisture content (%) ASTM D2654 (17)

Tensile Strength ASTM D3822(18)
- The percentage of cellulose content in the fiber - SEM JEOL (JSM-6510LV) Fig (4) was used to
was determined according to (Earland and D. J. measure the fibre diameter and morphology of the
Raven) (19) fibers
- Light microscope was used to show morphology

of the fibres.

Figure (4) Scanning Electronic Microscope (SEM)
4- Results and Discussion:
4-1- Chemical and Physical Properties of Egyptian Okra Fibers.
Table.2. Chemical Composition and Moisture Regain of Egyptian Okra Fibers

Cellulose % 64-69
Hemi cellulose% 17-22
Lignin% 10-12
Ash % 2.105
Moisture content% 7.11

The results of Chemical and Physical properties of natural bast fibres is presented in the Table (3)

Egyptian okra fibers and a comparison with some

Table.3. Chemical Composition and Moisture Content of Some Bast Fibres in Comparison to Egyptian Okra
Fibers

Bast fiber | Cellulose% | Hemi cellulose% | Lignin% | Moisture content % ref

Flax 60-81 18.6-20.6 2.2 8-12 (11), (20)
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Jute 61-71.5 13.6-20.4 12-13 12.5-13.7
Hemp 70.2-74 17.9-22.4 3.7-5.7 6.2-12
Ramie 68.6-76.2 13.1-16.7 0.6-0.7 5-17
Okra 64-69 17-22 10-12 7.11 This study
It is clear from Table (3) that Chemical The diameter was measured using Scanning

composition and moisture content of Egyptian okra
fibers are very close to some bast fibers properties

(flax, jute, hemp, ramie)

4-2 Egyptian Okra Fibers Diameter:

SElI __30kV

WD35mm SS33

4-3 Mechanical Properties of Egyptian Okra Fibers:
five tests have been done for force measurement of Egyptian okra fibres samples, table (4)
Table.4. Mechanical Properties of Egyptian Okra Fibres

Electron Microscope. As seen in Figure (5), the
diameter of the fibers ranged from (82 pum) to
(111.8 um)

h

x200
)

Figure (5) SEM images of Egyptian okra Fibres diameter

100pm

Ultimate | Tensile strength . Young modulus

Sample No force (N) (Mpa) g Elongation% (%;Pa)
1 10.7 506.1172 2.51 20.16

2 8.9 420.976 2.7 15.59

3 8.74 413.4079 2.4 17.22

4 7.39 349.552 2.6 13.44

5 7.77 367.5262 2.61 14.08
Average 8.718 411.5159 2.564 16.098

The results of mechanical properties of Egyptian
okra fibers and a comparison with some natural

bast fibres is presented in table (5)

Table.5. Mechanical Properties of Some Bast Fibres in Comparison to Egyptian Okra Fibers

: Tensile —_— Young modulus
Bast fiber strength (Mpa) Elongation% (GPa) Ref

flax 345-1830 1.2-3.2 27.6-80

jute 393-800 1.5-1.8 10-55

hemp 550-1110 1.6 58-70 (21). (22)
Ramie 220-938 2-3 44-128

349.552 i
Okra .506.117 2.4-2.6 13.44- 20.16 This study

It is clear from Table (5) that the mechanical
properties of Egyptian okra fibers are very close to

some bast fibers properties (flax, jute, hemp, ramie)

4-4 SEM Appearance Cross

Section and

Longitudinal of Okra Fibres Morphology

The cross section of okra fibers figure (6.a,b)
showed the middle lamella, the region at the

interface of two cells. Okra fibres show a polygonal

shape.
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SElI  30kV WD35mm  SS33 x750 20pm

SElI  30kV WD35mm  SS33

Figure (6. a, b) SEM Images of Egyptian Okra Fibre (Cross-Section)

The longitudinal view of the of Egyptian okra fiber
in Figure (7.a,b) shows the surface of the okra
fiber, consisting of a bundle of tiny fibers called
microfibrils which show orientations parallel to the

=

WD35mm SS33 x200 100pm

SEl __30kV

SElI  30kV

axis of the fiber and are privately bound together by
non-cellulosic substances like pectin, giving the
fiber its strength.

WD12mm SS33

Figure (7. a, b) SEM Images of Egyptian Okra Fibre (Longitudinal)

4-5 Optical Microscopic View of Egyptian Okra
Fiber

The fiber capsule was cut using an ultramicrotome
into setion approximately 0.5 pm thick and

optical microscopic view, figure (8.a,b) shows the
cross section and structure of an okra fiber, which
consists of ultimate fibres or cells. The shape of
each ultimate cell ranges from being roughly
polygonal to slightly rounded, and it has a central
lumen similar to other natural plant fibers.
Conclusion:

stained with toluidine blue then examination with
light microscope.

Figure (8. a, b) Optical Micrograph 'Irhage-s of Okra Fibers

'5;,“
4

The chemical, physical, and mechanical properties
of Egyptian okra fibers extracted from the Egyptian
Abelmoschus esculentus plant, as well as the
morphology of the filaments, were studied. Its
properties have been compared to some other bast
fibers. It is found that to meet the increasing
demand for naturally biodegradable fibers, okra
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fibers may have great potential to be used as a
commercial bast fiber used in applications similar
to bast fibers such as jute, flax, hemp, ramie, etc.
This study also creates social awareness in
Egyptian society, especially among farmers, by
exploiting agricultural waste resulting from
harvesting okra and extracting fiber from it, which
increases their income from an economic
standpoint and reduces the environmental damage
resulting from burning these wastes.
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