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ABSTRACT

This study examines the extraction and characterization of natural cellulose fibers obtained from the stems of Vigna unguiculata
(yard-long bean), an abundant agricultural waste material. Fiber extraction was carried out through controlled water retting and
alkali treatment. The extracted fibers were assessed for physical and mechanical properties, including fineness, length, moisture
content, bundle strength, and elongation. FTIR spectroscopy was used to identify functional groups and confirm the presence
of cellulose, lignin, and waxes. The fibers were further dyed with reactive dyes and analyzed for color fastness to light, washing,
and perspiration. The results demonstrate that Vigna unguiculata stem fibers possess favorable characteristics comparable to
traditional natural fibers, indicating their potential suitability for sustainable textile applications such as home furnishing, packaging
materials, and bio composites.
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INTRODUCTION

The creation of ecologically friendly products is now
a top priority, because of the ongoing search for workable
solutions to environmental issues and the pressing need
to move away from non-renewable products. Numerous
studies have been conducted in this area to find new
materials to replace the traditional ones, such as agro-
waste fibres, which have several benefits including being
arenewable natural resource, biodegradable, inexpensive
to produce, having good specific mechanical properties,
and having a low density (John and Thomas, 2008; Sharma
etal.,2010). Cellulose is a naturally occurring biopolymer
that can be derived from a wide range of plant species.
The resulting fibre is both biodegradable and renewable.
Natural fibre has come into emphasis as the industry shifts
toward eco-friendly, biodegradable, and recyclable

products (Adekunle ef al., 2015). Numerous plant species
that could potentially produce useful fibres are widely
distributed on Earth, but they have not yet been fully
investigated (Bismarck et al., 2005). Natural fibres are
typically readily available, simple to extract, simple to
handle, light, simple to manufacture, and simply
biodegradable (Kalia et al., 2011; Mohanty et al.,2011).

Studies in several disciplines have shown an
increasing interest in these diversified organic cropping
systems, because of their regenerative potential, nutrient
retention, pest and weed control, carbon sequestration
and counteract resource degradation and desertification.
In the case of sustainable fibres cultivation, a coexistence
crop configuration seems a promising avenue to maintain
a wide range of cultivated biodiversity, while at the same
time improving income and living conditions for local
populations. This provides a unique opportunity and
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imperative to rethink the design and implementation of
agricultural systems that not only maximize productivity,
but also ecosystem and socioeconomic benefits. However,
finding the optimal strategy depends not only on the
agronomic parameters, but also on the socio-economic
and agro-ecological drivers of change from one
production system to another (Panthapulakkal et al.,
2007).

Natural cellulosic fibres, which are among the
several types of agro-waste (natural) textile materials,
have many advantages over manufactured textile
materials and are frequently used as the supporting
substance for various types of frameworks (Gurukartik
Babu er al., 2018). Natural textile fibres are suitable
materials or substances in this situation due to their many
benefits, including low weight, carbon dioxide neutrality,
lower carbon dioxide outflow, financial savviness, high
explicit stability, eco-friendly, and earth safety
(Senthamaraikannan et al., 2019).

Thus, an attempt to extract fibres from Vigna
unguiculata stems has been conducted in this study, and
its structural characteristics have been investigated for
potential textile applications. In our region, the Vigna
unguiculata plant is widely widespread. In this study,
fibre was extracted from Vigna unguiculata (yard long
bean) stems. One of the economically significant
leguminous vegetable crops is yard long beans. It is an
annual crop that heavily self-pollinates. Beans grow on
delicate, twining stems with a consistent root structure.
The plants emerge in the middle of the summer with a
few enormous white or purple blooms. When the flowers
are pollinated, dark green beans that reach a length of 12
inches in a few days follow the blossoms. The red or
dark seeds can mature into light green beans that can
reach a maximum length of three feet. Despite having a
similar appearance to pole snap beans (Phaseolus
vulgaris), yard long bean is more closely associated with
southern cowpeas organically (Vigna unguiculata). In
any case, the yard long bean is far more of a trailing and
climbing plant than the southern pea, frequently growing
to a height of 9 to 12 feet. A true veggie called yard long
bean improves the soil by securing nitrogen in the air in
knobs on its roots. The plant produces its own nutrition
with the help of microorganisms that fix nitrogen. The
plant’s stem (Vigna unguiculata/Yard long bean) was
employed in this investigation because it is an agricultural
waste (Reddy and Yang, 2005; Zini ef al., 2011).

Eco-friendliness in textiles is one of the important
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issues in recent years because textiles are in continuous
contact with skin. Nature is blessed with invaluable fibre
yielding plants which has wide potential for use in
diversified fields, but they remain in the background. So,
this study mainly focuses on the exploration of Vigna
unguiculata fibre for textile applications. In this
investigation an attempt has been made to explore Vigna
unguiculata fibre for textile applications.

METHODOLOGY

Following methodology was followed in this
investigation:

Sourcing of raw material:

Vigna unguiculata plant stems was collected from
nearby village areas of Saharanpur (U.P.). Raw material
was collected from fields that have been harvested and
before natural decomposition of these starts. Only dried
stems of the plant were used for fibre extraction. This
left-over material comes under agro waste.

Extraction of Vigna unguiculata (yard long bean)
fibre:

Fibers was extracted from raw material by following

two methods as given below:

i) Extraction of fibre using water retting
process: Retting is also known as degumming.
It is a method for removing non-cellulosic
material attached to fibres to release individual
fibres. Under the water retting process, the raw
material was kept under water for stipulated
periods. Under this study, the suitable retting
condition and duration was 21 days at normal
atmospheric temperature.

ii) Extraction of fibre using alkali treatment:
Under this study, raw material was treated with
alkalis for partial delignification. The
delignification process using alkali was
standardized. The important parameters which
need to be standardized are concentration of
alkali, temperature of process, duration of
treatment, material to liquor ratio (MLR).

Bleaching of extracted fibre:

For getting unique effect of extracted fibre and to
check the changes in properties, the natural colour of the
extracted fibre was removed using bleaching process.
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For this, it was treated with bleaching agent hydrogen
peroxide to impart whiteness to the fibre.

Evaluation of Physical properties of extracted
fibres:

Various techniques was used to evaluate surface
characteristics and morphology of extracted fibres. The
important technique was “FTIR (Fourier Transform
Infrared Spectroscopy). The physical properties like
tenacity, fibre length and fineness, fibre elongation, ash
content, wax content, moisture content, bundle strength
was evaluated. Some of the tests are given in the
following Table 1.

Table 1 Determination of various physical
properties of extracted fibre

Sr. No. Test Test Method

1. Moisture content IS 199

2. Fiber Fineness ASTM D 1448 /1S 3674

3 Fiber Length ASTM D 5867/1S 233

4 Tenacity ASTM D 3822/1SO 5079

5 Fiber elongation ASTM D 3822/1S0O 5079

6 Bundle strength ASTM D 1445/ 1S 3675

FTIR (Fourier Transform Infrared Spectroscopy):

It is an analytical method which was used to
understand the structure of individual molecules and
composition of molecular mixtures. FTIR spectroscopy
uses modulated, mid-infrared energy to interrogate a
sample.

Moisture content (IS 199):
Moisture content is a measure of the amount of
water or water vapor contained within fibres.

Fiber Fineness (ASTM D 1448 / IS 3674):

Fiber fineness assesses linear density which can be
defined in micronaire and measures mass per unit length
of fibre.

Fiber Length (ASTM D 5867/IS 233):
Fiber length is the average length of the longer
fibres.

Tenacity (ASTM D 3822/ISO 50):

Tenacity is the customary measures of strength of
a fibre.
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Fiber elongation (ASTM D 3822/ ISO 5079):
It is the property of a fibre which determines how
much it will stretch or lengthen, before breaking.

Bundle strength (ASTM D 1445/ IS 3675):

It is the strength of the bundle of fibres. Using small
test devices, the strength of bundle fibres can be
measured.

Dyeing behaviour of extracted fibres:

For getting coloured fibre effect and changes in the
properties, the extracted fibres was dyed with reactive
dyes. The dyed fibre was evaluated for colour fastness
properties as shown in the Table 2.

Table 2: Determination of various properties of dyed fibre

Sr. No.  Test Test Method

1. Colour fastness to light IS 2454

2. Colour fastness to washing IS 105 C10 (A1)

3. Colour fastness to perspiration IS 971
RESULTS AND DISCUSSION

Fibers were extracted after alkaline retting only and
all the tests were performed on the fibers extracted from
alkaline retting. As water retting were also done but after
21 days there is slight change in the stems as it will take
longer time.

Fiber length:

The average numbers of fibres extracted from a
single stem of Vigna unguiculata are 800-900. The
lengths of fibres were measured manually the average
mean value was 6¢cm and bleaching, dyeing etc is done
at fibre stage so there is no change in length of the fibres
it is approximately same in all cases. The fibre length is
considered as one of the essential quality parameters of
raw textile material because length to width ratio is the
primary requirement of any textile fibre. The range of
the fibre length is wide, so it is suitable to produce any
count.

Fiber fineness:

Among the three most important fibre
characteristics, fibre fineness is one of them. Fineness
or micronaire affects both the strength and irregularity
of yarn. Fiber fineness also influences the Twist for
maximum strength, lustre, the drape and handle of fabrics.
“The fineness determines how many fibres are present
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in the cross-section of a yarn of given thickness. The
length of a single fibre was measured, and the fibre was
weighed. The linear density of the fibre was then
calculated in denier units. The mean value of the extracted
fibre fineness before bleaching was found to be 126.48
denier with 15.77 % as a coefficient of variation and
after bleaching it is 80.88 denier with 18.04 % as a
coefficient. Values vary after dyeing of the fibres and it
vary at each percentage-for 1% denier is 73.36 with
14.72%, for 1.5% denier is 95.18 with 16.26%, for 2%
denier is 89.18 with 15.62%.

The fineness and uniformity of fibres at different
processing stages (scouring, bleaching, and dyeing
concentrations) were evaluated, and the results are
presented in Table 3.

Table 3 : Fineness and CV% of Fibres

Fiber Fineness Coefficient of
(Denier) Variation (%)
Scoured Fibers 126.48 15.77
Bleached Fibers 80.88 18.04
Dyed Fibers at 1% 73.36 14.72
Dyed Fibers at 1.5% 95.18 16.26
Dyed Fibers at 2% 89.18 15.62

Fineness Trend:

A significant reduction in fineness (denier) is
observed after bleaching (126.48 to 80.88), suggesting
removal of impurities and partial fibrillation. The lowest
fineness is recorded for fibres dyed at 1% concentration
(73.36 denier), indicating further refinement of fibre
structure during mild dyeing conditions. However, at
higher dye concentrations (1.5% and 2%), fineness
increases again, possibly due to fibre swelling or
deposition of dye molecules on the fibre surface.

Uniformity (CV %) Analysis:

The coefficient of variation shows moderate
fluctuation across treatments. Bleached fibres exhibit the
highest variability (18.04%), which may be due to uneven
chemical action. The lowest CV% is observed in fibres
dyed at 1% (14.72%), indicating improved uniformity at
this concentration. Slight increases at higher dye
concentrations suggest marginal inconsistencies in dye
uptake or fibre structure.

Moisture content and moisture regain:
Most fibres tend to absorb moisture (water vapor)
when in contact with the atmosphere. The amount of
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water absorbed by the textile fibre will depend on the
chemical and physical structure and properties of the fibre,
as well as the temperature and humidity of the
surroundings. The percentage absorption of water vapor
by a fibre is often expressed as its moisture regain. The
regain is determined by weighing a dry fibre, then placing
it in a room set to standard temperature and humidity
(21°C£1°C and 65%+2% relative humidity [RH]. The
moisture regain of the fibres was determined according
to ASTM standard method and the fibre was found to be
having 13 % moisture content and a regain of 13.9%.

FTIR characterization:

FTIR analysis is performed to study the organic and
inorganic components present in the materials. The IR
spectra of Vigna unguiclata fibre were shown in below
Fig. 1.

1233

%T
€

82

84%%0 o 3s0 3000 2500 2000 Cs0
cm-1

1 Fiber  Sample 053 By PEService Date Tuesday, February 22 2022

—— Ssample

Fig.1: FT-IR analysis

The Fig. 1 which illustrates the FTIR spectrum of
the fibre, totally 7 well defined peaks were observed,
broad peak at 3276.38cm ™! and 2919, 1742, 1630, 1423,
1316 and 1026 cm ™. The broad peak observed at 3276
cm' corresponds to the stretching vibration mode of intra
and intermolecular hydroxyl (-OH) bond of cellulose and
the peak 2919 cm™! corresponding to the asymmetric and
the symmetric stretching of methylene (-CH,-) groups
in long alkyl chains. These peaks prove the presence of
waxes in STF. The absorptions at 1742 cm™ was due to
O-H-O vibrations of water molecules. The bands located
in the region 1630 cm™" is for CH, of aromatic ring present
in the lignin content of the fibre. The peak 1423 cm™
proved the presence of alcohols, carboxylic acids, esters,
ethers and aliphatic compounds. The strong and broad
bond at 1316 cm™! is for C-O of which indicates presence
of cellulose in the fibre. The strong bond at 1026 cm™
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was assigned to C-X of which confirms the presence of
bromo-alkanes in the fibres

Bundle strength and elongation:

Fibre bundle strength tester used to measure the
tensile property of cotton and synthetic fibres in gram/
tex. It measures the tensile by constant rate of loading
principle. It measures the tensile by constant rate of
loading principle. Bundle strength of the fibre is 29.325
g/Tex and elongation is 4.89% and after bleaching bundle
strength is 27.39 g/Tex and elongation is 4.94%. Bundle
strength of the dyed fibres at different percentages is at
1% bundle strength is 38.99 g/Tex and elongation is
4.59%, at 1.5% bundle strength is 40.84 g/Tex and
elongation is 4.84%, at 2% bundle strength is 38.94 g/
Tex and elongation is 4.64%.

The mechanical properties of fibres at different
treatment stages were analyzed in terms of bundle
strength (g/tex) and elongation (%). The results are
presented in Table 4.

Table 4 : Bundle Strength and Elongation of Fibres

Fibers Bundle Strength Elongation (%)
(g/Tex)

Scoured Fibers 29.325 4.89

Bleached Fibers 27.39 4.94

Dyed Fibers at 1% 38.99 4.59

Dyed Fibers at 1.5% 40.84 4.84

Dyed Fibers at 2% 38.94 4.64

Bundle Strength Analysis:

A slight reduction in bundle strength is observed after
bleaching (29.33 to 27.39 g/tex), which may be attributed
to partial degradation of fibre structure due to chemical
treatment. However, a significant improvement in strength
is seen after dyeing. The highest bundle strength is
recorded at 1.5% dye concentration (40.84 g/tex),
followed closely by 1% and 2% concentrations. This
increase suggests that dyeing may enhance fibre cohesion
or lead to better alignment of microfibrils, improving load-
bearing capacity.

Elongation Behavior:

Elongation values remain relatively stable across all
treatments, ranging between 4.59% and 4.94%. Bleached
fibres show the highest elongation (4.94%), indicating
slightly improved flexibility after removal of impurities.
Dyed fibres exhibit a marginal decrease in elongation,
particularly at 1% concentration (4.59%), which may be
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due to increased stiffness caused by dye fixation.

Effect of Dye Concentration:

Among dyed samples, 1.5% concentration provides
the best balance, achieving maximum strength without
significant loss in elongation. At2% concentration, a slight
decline in strength and elongation suggests possible fibre
stiffening or overloading of dye molecules.

Colour fastness to light:

Colour fastness to light, is the pigmented materials
to fading or colour change due to exposure to sunlight or
an artificial light source. Results of all dyed fibres at
different ratios seems to be same so all the tests are
performed on 1.5% concentration only. Blue wool rating
is - 4/5

Colour fastness to washing:

Colour fastness to wash is the resistance of a
material to change in any of its colour characteristics as
result of washing with household detergent

The colour fastness of dyed fibres to washing was
evaluated using the grey scale ratings for colour change
and staining on adjacent fabrics. The results are presented
in Table 5.

Table 5 : Colour fastness to washing

Sr. No.

1. Change in shade 3
2. Staining on wool 4
3. Staining on acrylic 4/5
4. Staining on polyester 4/5
5. Staining on nylon 4
6. Staining on cotton 3
7. Staining on acetate 4

The colour fastness to washing results indicate

moderate to good performance of the dyed fibres.

e Change in Shade: A rating of 3 suggests moderate
colour change after washing. This indicates that
while the dye is reasonably fixed, some loss of
colour intensity occurs during laundering,.

e Staining Behaviour: The staining ratings on
adjacent fabrics range from 3 to 4-5, indicating
generally good resistance to dye transfer.

o Acrylic and polyester (4-5) show excellent
resistance to staining, suggesting minimal dye
bleeding onto synthetic fibres.

o Wool, nylon, and acetate (rating 4) exhibit good
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fastness, with only slight staining observed.

o Cotton (rating 3) shows relatively higher staining,
indicating a greater affinity of the dye for
cellulosic fibres during washing.

Colour fastness to perspiration:

The colour fastness of dyed fibres to perspiration
was assessed using grey scale ratings for change in shade
and staining on adjacent fabrics. The results are
summarized in Table 6.

Table 6 :

Sr. No.

1. Change in shade 4
2. Staining on wool 4
3. Staining on acrylic 4
4. Staining on polyester 4/5
5. Staining on nylon 4
6. Staining on cotton 3/4
7. Staining on acetate 4

The results indicate good to very good colour fastness
to perspiration, reflecting effective dye fixation under
simulated sweat conditions.

e Change in Shade: A rating of 4 suggests good
resistance to colour change, indicating that the
dyed fibres retain their shade effectively when
exposed to perspiration.

o Staining Behaviour: Staining ratings fall between
3—4 and 4-5, demonstrating minimal dye transfer
to adjacent fabrics.

o Polyester (4-5) shows excellent resistance to
staining, indicating negligible dye bleeding onto
synthetic fibres.

o Wool, acrylic, nylon, and acetate (rating 4) exhibit
good fastness with only slight staining.

o Cotton (3—4) shows comparatively higher
staining, suggesting a moderate affinity of the
dye towards cellulosic fibres under perspiration
conditions.

Highlights:

o Vigna unguiculata stems were successfully
utilized as a renewable source of natural cellulose
fibers.

e Alkali treatment yielded fibers with improved
mechanical and physical properties compared to
water retting.

e FTIR analysis confirmed the presence of
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cellulose, lignin, and wax components.

e Dyed fibers exhibited satisfactory color fastness
to light, washing, and perspiration.

e The fiber shows strong potential for eco-friendly
textile and composite applications.

Conclusion:

In this investigation, the suitability of natural cellulose
Vigna unguiculata stem fibres for textile applications
were investigated. By using retting processes, the stalk
fibres of Vigna unguiculata were extracted from their
dried stems and their properties were determined. In
terms of most criteria needed for clothing, such as fineness,
moisture, high tenacity, and elongation at break, the results
showed that the fibre was equivalent to other natural
fibres like cotton and flax. Additionally, because Vigna
unguiculata stem plants were extremely simple to grow
and propagate in any nearby locations, they might be
regarded as a crucial alternative source for natural
cellulose fibres. This fibre may be utilised to create
products like home furnishing, packaging materials and
composites.
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