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Abstract - Sustainability has become a widely recognized
concept in response to pressing environmental challenges,
including global warming, pollution, and the decline of wildlife
populations. These concerns have led to the emergence of eco-
conscious initiatives, including the development of green
products, carbon footprint reduction, use of recycled
materials, and production of eco-friendly goods. This research
investigates the use of banana pseudostem fibers, which are
sourced from agricultural, as sustainable solution for
agricultural waste dumping. The banana pseudostem are
usually discarded as waste after the fruits are harvest. These
stems take 3-4 months to decompose, which farmers are
unwilling to wait for, so they dispose of them, often leading to
landfill accumulation. This research proposes a solution to
help farmers to supplement their income by utilizing the waste
from banana stems. The banana stems were collected from the
farmers near Tirupur and Coimbatore. Then the collected
banana stems were mechanically processed to extract fiber,
and the extracted fiber undergoes an optimization process.
The optimized fibers were blended with cotton for better
performance and quality. To produce quality yarns, three
types of spinning techniques were used, and the resultant
yarns were thoroughly tested for overall performance,
uniformity, and tensile strength. The best spinning technique
was determined by comparative analysis. Then the resultant
yarns are prepared for fabrication. The yarns were converted
into knitted fabric using circular and flat knitting. These
results highlight how agricultural waste fibers can support
environmental sustainability and enhance the economic value
of textile production.
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1.INTRODUCTION

During the Industrial Revolution, synthetic materials
and chemical innovations were developed to enhance
efficiency and meet the growing demands of textile
production. However, the textile industry has become a
major contributor to environmental degradation,
particularly through water and soil pollution. Textile
manufacturing processes release various chemicals and
fumes that contaminate natural resources. Additionally, the

cultivation of natural fibers from both plants and animals
often relies on hazardous pesticides and chemical fertilizers
to improve yield and quality. Many of these substances are
toxic, non-biodegradable, and disrupt the physical
environment. This imbalance in natural systems contributes
to drought conditions, rising temperatures, and intensified
global warming [1]. Therefore, there is an increasing need
for the environmental protection which pushes for
sustainability in the textile industry. Thus, eco-friendly and
biodegradable fibers have emerged as a vital alternative to
synthetic materials. While conventional natural fibers such
as cotton, jute, and silk dominate textile applications, non-
conventional alternatives such as banana, pineapple, and
ramie remain underutilized due to limited familiarity and
processing challenges. Among these, banana pseudostem
fiber shows significant promise owing to its abundance,
historical relevance in India and East Asia, and its potential
for sustainable textile production [2].

India stands as the world’s leading producer of bananas,
dedicating approximately 830,000 hectares to their
cultivation. This extensive agricultural activity yields
approximately 51.18 million metric tons of pseudostem
waste annually. However, the fiber extracted from banana
plants is notably rigid and lacks cohesion, making it
unsuitable for conventional textile applications. Of this, an
estimated 550,000 tons of agricultural residue could be
viably utilized each year for fiber extraction, offering a
pathway to enhance both economic growth and
environmental sustainability in the agricultural and textile
sectors. Globally, the textile industry was valued at
approximately $1 trillion in 2021, with projections
estimating growth to $1.4 trillion by 2030. However, the
sector also faces growing scrutiny due to its substantial
environmental footprint consuming, 93 billion cubic meters
of water and emitting 1.2 billion tons of greenhouse gases
annually [3]. Leveraging this fiber not only addresses
environmental waste disposal issues but also offers rural
farmers an opportunity to supplement their income. Despite
its current use in cottage industries, banana fiber suffers
from poor spinnability and rigidity, which limit its textile
applications. This research investigates the feasibility of
transforming banana stem waste into usable textile fibers by
addressing pliability challenges through optimized spinning
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and eco-processing techniques. The study aims to explore
banana fiber’s potential to enhance India's rural textile
landscape and contribute to the global demand for
sustainable fashion.

1.1 Banana Fiber

Banana plants rank among the tallest herbaceous
perennials globally. Cultivated varieties typically attain
heights ranging from 2 to 9 meters, while certain wild
species may grow as tall as 10 to 15 meters. These
remarkable plants possess a subterranean stem known as a
corm, an aerial pseudostem, expansive foliage, and a
prominent inflorescence, which together contribute to their
distinctive botanical structure. [4].

Bananas are notable not only for their size but also for
their utility, especially in the production of banana fiber.
Extracted from the pseudostem, banana fiber is a durable
and eco-friendly plant fiber composed primarily of a-
cellulose (61.50%), Hemicellulose (20.30%), Lignin, (15%),
and other constituents (3.2%) [5]. The high lignin content
contributes to the fiber’s hardness, while its moisture regain
rate of approximately 13% allows it to absorb ambient
moisture effectively [6]. Banana fiber has a natural affinity
for dyes, which makes it particularly well-suited for creating
vivid and colorful designs. Compared to cotton, it offers
enhanced comfort, making it particularly suitable for eco-
friendly knitted children’s wear. Banana fiber has long been
valued for its strength and versatility. Traditionally, it is used
to create wall hangings, table mats, handbags and purses,
yarn and ropes, mats and twines. In modern industries,
banana fiber also plays an important role in the production
of grease-proof paper, sustainable clothing and
biodegradable packaging [7].

1.2 Characteristics of Banana Fibers

¢ Unique Physical and Chemical Traits: Banana fiber
possesses distinct qualities that make it a high-grade
textile material

e Visual Comparison: [t resembles bamboo and ramie
fibers in appearance but offers superior fineness and
spinnability.

e Chemical Composition: It is comprised primarily of
cellulose, hemicellulose, and lignin.

e Mechanical Properties: It is exceptionally strong,
exhibits low elongation, and is lightweight.

e Appearance & Finish: Depending on the extraction
and spinning methods used, it can display a subtle
sheen.

e Moisture Management: Shows outstanding moisture
absorption and release, making it ideal for breathable
textiles.

e Eco-Friendly Nature: Fully biodegradable with no
harmful environmental impact classified as a
sustainable fiber.

e Fineness: Has an average fiber fineness of 2400 Nm,
suitable for delicate spinning applications.

e Spinning Compatibility: Compatible with various
spinning techniques including ring spinning, open-end
spinning, bast fiber spinning and semi-worsted
spinning [8].

2. MATERIALS AND METHODS
2.1. Materials

This research used banana pseudostem waste, which
was collected from farmers and commercially available
cotton (MCUS5) for fabrication.

2.2. Methods
2.2.1. Extraction of Fiber

Banana fiber was extracted mechanically by feeding the
pseudostem lengthwise into a fiber extractor. The machine
operated by removing the outer layers of the pseudostem by
scraping, to isolate the fibers. Once separated, the fibers
were air-dried at ambient room temperature to remove
residual moisture.

2.2.2. Preparation of Fiber

After extracting banana fibers from the pseudostem, the raw
material undergoes a purification process using sodium
hydroxide (NaOH) to remove impurities. Due to the high
lignin content, which contributes to the fiber’s rigidity, the
untreated banana fibers are notably hard and challenging to
process, especially for yarn formation. To address this, two
fiber softening techniques were evaluated, the TRO method
and Industrial hydrophilic softeners. Following comparative
trials, it was found that the TRO method is significantly more
effective in softening banana fibers. In contrast, industrial
hydrophilic softeners proved unsuitable due to their limited
impact on the fiber's unique structure and composition.
Therefore, the TRO method emerged as the optimal
approach for enhancing the flexibility and spinnability of
banana fiber for textile applications.

Softening Neutalizing

Fig -1: Processing of Banana Fiber
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.2.3. Fiber Blending

The softened long banana fibers were manually cut to a
span length of 25 mm for compatibility with the blending
process. A cotton variety of similar staple length such as
MCUS cotton was selected to enable uniform blending. The
blend ratio used was 40:60 (banana: cotton), and the process
was carried out both manually and mechanically using an
older sketcher line machine. Then the Blended fibers were
converted into lab ready form prior to sliver formation. In
Carding process, the fibers were separated individually with
an enhanced bending ratio toward the cotton component
and carding machine settings were modified to ensure the
higher density of banana fibers (Flat to cylinder: wider
settings applied, Cylinder to licker-in, Licker-in to grid,
Cylinder to grid, Cylinder to doffer). These adjustments
ensured smoother fiber separation and consistent sliver
quality throughout the process.

o

£

Carding (ard‘Slil\)ér)

Blow Room (Lap)

Fig -2: Fiber blending & Sliver formation

2.2.4. Pre-process of yarn formation (Drawing
and Simplex)

Following carding, the sliver exhibited significant
unevenness. To enhance its uniformity, it was fed into a
drawing machine, where six individual slivers were
combined and processed together. This drawing operation
effectively leveled out the variations and yielded a 0.91 hank
sliver, suitable for further refinement. The drawn sliver was
subsequently passed through the simplex machine, where
two key actions occurred, the material was thinned down
progressively and the sliver was transformed into roving, a
lightly twisted strand ideal for spinning. These steps are
critical for improving yarn consistency and preparing the
fiber blend for high-quality spinning outcomes.

2.2.5. Yarn conversion (Spinning)

Yarn conversion trails have programmed to identify the
most suitable spinning technique for banana/cotton blend
yarn, three different methods were trialed, Ring Spinning,
Open-End (OE) Spinning and Charkha Spinning (Khadi
Method). Among the tested methods, ring spinning produced

the highest yarn quality, offering superior consistency and
strength. Although Charkha-spun yarns exhibited deeper
fibre penetration and enhanced wrapping, this method
required significantly more human effort and longer
production time. Based on quality and efficiency outcomes,
the ring spinning method was chosen for yarn production.
Approximately 15 kilograms of banana/cotton blend yarn
were produced, with a count range of 22s Ne, suitable for
various textile applications.

Ring Spinning  OE Spinning Chakra Spinning

Fig -3: Type of spinning

2.2.6. Pre-process for fabric conversion

Banana/cotton yarns exhibit slightly higher hairiness
and surface roughness, which impedes their smooth flow
during knitting. To overcome these limitations and enhance
yarn performance, a surface pre-treatment was introduced,
gas singeing and wax winding. Gas singeing was employed to
eliminate protruding fibers by passing the yarn through a
controlled flame. This process enhances the yarn’s surface
uniformity without compromising structural integrity. Wax
winding was applied to bind any remaining loose fibers and
provide a lubricated surface. This reduces friction during
knitting, promoting smoother operation and improved fabric
quality. Developed yarns underwent these treatments. Post
pre-treatment, the yarns demonstrated substantial
improvement in surface characteristics and proved to be
highly suitable for knitting applications.

2.2.7. Fabrication (Knitting)

Following surface pre-treatment, the banana/cotton
yarns were utilized for fabric conversion through knitting
processes, employing both circular and flat knitting
techniques. Multiple trials were conducted, and machine
settings were adjusted iteratively to optimize performance
and output quality. Circular Knitting was conducted using
low-gauge machines (gauges 12 and 16) to develop banana
fabric with appropriate texture and structure. These settings
ensured better handling of the yarn’s characteristics and
enhanced loop formation. Flat Knitting was executed on both
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manual and power-operated machines. This method offered
versatility in fabric design and stitch control, suitable for
smaller-scale trials and diversified outputs. The resulting
fabrics from both knitting techniques exhibited good quality
and consistency, validating the efficacy of the yarn pre-
treatment. Adjustments in gauge, tension, and feed rates
during trials played a crucial role in achieving best results.

2.2.8. Fabric processing and Construction

Following the knitting stage, the banana/cotton blended
fabric underwent a sequence of preparatory treatments to
enhance dye uptake and overall quality. Scouring was done
to remove impurities and natural waxes to ensure better
absorbency. Bleaching was done to lightened the fabric color
and improved brightness for uniform dyeing. Heat Setting
was done to stabilized the fabric structure and dimensions,
making itready for dyeing. The treated fabric was subjected
to both natural and chemical dyeing processes to explore
eco-friendly and performance-based color solutions. This
dual approach allowed for versatility in tone, shade depth,
and finish. The fabric received a bio-wash treatment to
enhance surface smoothness, softness, and wearer comfort
making it especially appealing for garment applications.
Finally, a complete phase of garment design, pattern making,
and sample sewing were carried out. A total of 6 unique
styles and 23 garments were successfully developed as part
of the project, showcasing the viability of banana/cotton
blended textiles in modern fashion.

Fig -4: Knitted Garments
3. RESULT AND DISCUSSION

The extracted banana fiber, the blended yarn, and
the developed fabric undergo a series of mechanical and
physical tests to assess their performance

3.1. Fibre Testing

The test results indicate that banana fiber possesses
moderate strength, low elongation, and low to moderate
tenacity, highlighting its stiff and brittle nature. Additionally,
banana fiber is extremely coarse, which limits its suitability
for fine textile applications. In contrast, cotton fiber

demonstrates high strength, moderate elongation, high
tenacity, and excellent finesse, making it ideal for producing
soft, durable, and high-quality yarns. It is concluded that
blending banana fiber with cotton significantly enhances the
overall performance and quality of the resulting yarn. The
cotton component compensates for the limitations of banana
fiber improving softness, flexibility, and durability while still
retaining the unique characteristics of banana fiber. This
blend offers a promising approach for sustainable textile
development by utilizing banana fiber more effectively.

Table -1: Fiber test

PROPERTIES BAN?,T{%EEBSI;:ENAGFTER COTTON
Breaking Strength (N) 141 2.4
Fmax
Elongation dL at F max (%) 1.01 55-7
Tenacity g/den 1.39 3-4
Fibre Fineness (Denier) 108 1.6

3.2.Yarn testing

It is evident that the cotton yarn demonstrates
superior performance across key metrics. With a higher yarn
count, greater lea strength, and elevated Count Strength
Product (CSP), the pure cotton sample offers enhanced
durability, fineness, and tensile integrity. Its higher Twist Per
Inch (TPI) further contributes to structural cohesion and
resilience. Compared to pure cotton yarn, the banana/cotton
(40/60) blend shows slightly lower mechanical properties
such as strength and CSP. However, it offers notable
advantages in comfort, breathability, and softness, making it
ideal for casual wear. The use of banana fiber promotes
sustainability by repurposing agricultural waste.
Additionally, the blend is cost-effective, providing an
affordable alternative for eco-conscious consumers. While
cotton excels in durability, the banana/cotton blend aligns
with modern demands for ethical and comfortable textiles.

Table -2: Yarn test

LEA
SAMPLE NO COUNT | cooreneta | CSP TPI
Sample - 1
23.5 78 1833 | 18.8
Banana / cotton (40/60)
Sample - 2
100% Cotton 24.5 82 2009 | 21
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3.3. Fabric testing

The results indicate that both fabrics are lightweight
with similar feel and drape. Sample 2 demonstrates better
dimensional stability and is less prone to spirality. While
Sample 1 shrinks in length and expands in width potentially
distorting garment shape. Sample 2 shrinks uniformly in
both directions, offering more predictable performance. In
terms of strength, Sample 2 is slightly more durable. Both
fabrics show acceptable pilling resistance, making them
suitable for everyday use. Additionally, Sample 2 exhibits
slightly better color fastness, contributing to longer-lasting
appearance.

Table -3: Fabric test

SAMPLE - 1 BANANA/ SAMPLE - 2 100%
FABRIC PROPERTIES | COTTON (40/60) Single | COTTON Single jersey
jersey knitted fabric knitted fabric
Fabric Weight
(GSM) 148 150
Spirality (%) 2.6% 1.5%
Dimensional
Changes
270 -1.00
Length / Course 2.7 % 1.0%
0, - 0,
Width / Wales +4:3% 50%
Bursting Strength 251% 260*
(Kpa)
Slight surface Slight surface
- . fuzzing and/ or fuzzing and/ or
Billing resistance partially formed partially formed
pills (4) pills (4)
Colour fastness 3-4 4

4. CONCLUSIONS

This research study clearly demonstrates the promising
potential of banana pseudostem fibers an abundant
agricultural waste as a sustainable and economically viable
resource for textile manufacturing. Through targeted
mechanical extraction, effective chemical treatment, and
optimized blending with cotton, these natural fibers were
successfully transformed into spinnable yarn and high-
performing knitted fabric. By repurposing post-harvest
banana stem waste into value-added textile products, the
research supports environmentally responsible production,
fosters rural economic development, and advances circular
economy principles within both agriculture and the fashion
industry.
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