
* Corresponding author: Md. Humaun Kabir; Email: 

Copyright © 2023 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

Prospect of waste banana fiber use in industry: A narrative review 

S. M. Farhana Iqbal 1, Md. Humaun Kabir 2, *, Md. Iftakharul Muhib 3 and Md. Mehadi Hasan Khan Rupok 4 

1 Department of Yarn Engineering, Bangladesh University of Textiles, Dhaka-1208, Bangladesh. 
2 Faculty of Engineering, Prime University, 114/116 Mazar Road, Section 1, Mirpur, Dhaka 1216, Bangladesh. 
3 Department of General Education, Faculty of Science and Engineering, City University, Dhaka-1216, Bangladesh. 
4 Department of Textile Engineering, Faculty of Science and Engineering, City University, Dhaka-1216, Bangladesh. 

International Journal of Science and Research Archive, 2023, 10(02), 828–839 

Publication history: Received on 03 November 2023; revised on 10 December 2023; accepted on 13 December 2023 

Article DOI: https://doi.org/10.30574/ijsra.2023.10.2.1045 

Abstract 

In recent years, there has been significant research and investigation into the utilization of natural plant fibers. These 
fibers are increasingly recognized for their superiority over synthetic alternatives due to their biodegradable nature, 
renewable source, lightweight composition, and enhanced biochemical and tensile characteristics. Banana fiber holds 
significant importance due to the widespread use of bananas globally. Different components of the banana plant, 
including the fruit, fruit skin, flower buds, leaves, and pseudo-stem (banana trunk), are employed for diverse industrial 
applications. The pseudo-stem constitutes a significant proportion of the biomass derived from banana waste and 
possesses high-quality fiber that exhibits promising potential for various industrial applications. These applications 
include the production of sanitary pads, textiles, pulp and paper, food products, reinforced composite materials for 
automobiles, construction materials, aerospace components, and other composite materials. Additionally, the residual 
waste generated from its production can be effectively employed for the development of bio-based products, thereby 
making a direct contribution to a country's economy. In summary, this review study provides valuable insights for many 
stakeholders, including farmers, businesspeople, planners, scientists, and the government, to facilitate informed 
decision-making and promote socioeconomic advancement within the country. 
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1. Introduction

The increasing apprehension regarding global warming, the implementation of rigorous environmental legislation, and 
the growing consciousness within communities have emphasized the importance of forest conservation and the 
mitigation of plastic pollution. There is a growing need from several industries for sustainable materials as alternatives 
to both forest-based raw resources and synthetic polymers [1]. Agricultural residues represent a notable category of 
sustainable materials that are currently being investigated for their possible utilization in various industrial 
applications. Agro waste leftovers serve as valuable sources of natural fibers, presenting an environmentally sustainable 
substitute for manufactured polymers. The global output of natural fibers is experiencing a notable growth due to the 
rising demand for products derived from these fibers. In addition to their environmentally benign nature, natural fibers 
include supplementary attributes including renewability, lightweight composition, exceptional absorption capabilities, 
and favorable mechanical qualities [2]. Furthermore, it should be noted that these materials possess the characteristic 
of being biodegradable and capable of being recycled. Industries are currently utilizing and conducting research on 
many natural fibers such as hemp, jute, sisal, kenaf, cotton, flax, ramie, and banana fibers. Banana fiber, derived from 
the pseudostem, exhibits superior fineness and spin ability compared to alternative fibers [3]. The pseudo-stem of the 
banana plant is a significant component of biomass waste that remains after the harvesting of the fruit. This waste has 
the potential to serve as an alternative source for companies that rely on fiber-based materials [4]. Banana fiber is 
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currently highly regarded for use in the textile and garment industries because it is also acknowledged for having good 
properties. To raise awareness and make banana fiber specifically available to our market, numerous researchers are 
currently working on it [5, 6]. 

The banana plant, classified as a perennial member of the Musaceae family, exhibits a variable height ranging from 10 
to 40 feet and produces fruit with a maximum length of 12 inches. Subtropical and tropical countries are the primary 
contributors to the global banana production. Based on the data provided by FAOSTAT (2018) [7], the global output of 
fruit is predicted to be approximately 115.7 million metric tons on a yearly basis. India is the global frontrunner in 
banana production, accounting for 26.7% of the entire output. This amounts to approximately 30.81 million metric tons 
of bananas produced annually, cultivated on an area of 0.88 million hectares. China, Indonesia, Brazil, Ecuador, and the 
Philippines are among the prominent producers in this industry [8]. India's contribution to global exports is a mere 
0.38%, primarily due to the significant portion of its produce being consumed domestically. Ecuador holds the position 
as the primary exporter of bananas globally, contributing around 27.6% to the overall volume of worldwide exports. 
Subsequently, Costa Rica, Colombia, and Belgium follow suit in terms of banana exportation [9]. The center core of the 
banana plant, known as a pseudo-stem, is composed of leaf sheaths that round it (Figure 1).  

 

Figure 1 Cross section of pseudo stem of banana tree (left) and banana leaf (right) [Retrieved from Motaleb et al. 
2020 [10]] 

The banana pseudo-stem produces fruits singularly for its lifespan, after which it is replaced, ultimately resulting in its 
disposal as waste following the completion of fruit harvesting. It is estimated that each hectare of banana plantation 
yields approximately 220 tons of biomass waste. India is responsible for the production of around 190 million tons of 
biomass waste only derived from banana plantations. According to the FAOSTAT 2018 data [7], the global cultivated 
land area amounts to around 5.72 million hectares, resulting in the production of 1.243 billion metric tons of garbage. 
The predominant component of the biomass waste derived from banana plants is the pseudo-stem. As a result of limited 
expertise and resources, the disposal of this waste is commonly carried out through incineration or deposition in bodies 
of water such as lakes, rivers, or shallow regions. This practice consequently contributes to the emission of greenhouse 
gases and poses a significant environmental hazard. This underscores the need of effectively harnessing banana biomass 
waste, particularly in nations such as India, which holds the position of being the foremost banana fruit producer. 

Different components of the banana plant, including leaves, pseudo-stem, pith, and fruit peels, have been found to have 
diverse applications in both food-related and non-food-related contexts. These applications encompass various uses 
such as flavoring agents, colorants, livestock feed, and nutraceuticals in the food industry [11]. Additionally, the non-
food industry has explored the utilization of banana parts for purposes such as manufacturing tea bags, producing 
biofertilizers, treating wastewater, paper production, textile production, and creating composites [12, 13]. The potential 
of utilizing the banana pseudostem for the extraction of high-quality fiber is currently being investigated. Similar to 
other natural fibers, the mechanical characteristics of banana pseudo-stem fiber are equal to those of conventional 
reinforcements. As a fiber derived from plants, it offers supplementary advantages to the industry by serving as an 
environmentally responsible substitute4. In conclusion, this review study offers significant insights for many 
stakeholders, such as farmers, business professionals, planners, scientists, and governmental entities, to allow well-
informed decision-making and foster socioeconomic progress within the nation. 
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1.1. Properties of Banana Fibers 

Cellulose, hemicelluloses, and lignin make up banana fiber. Depending on whatever section of the stem is used to remove 
the fiber, the quality of the fiber varies. When taken from the inner part of the stem, banana fibers are extremely fine, 
silky, and have a natural shine [14]. The coarse and rough fibers produced by the outer strands of the stem are mostly 
utilized to manufacture ropes, carpets, and baskets. Banana fiber is extremely robust and long-lasting because it is 
entirely natural [15]. 

Although look is comparable to bamboo and ramie fibers, fineness and spin ability are superior to those of these two 
[16]. Banana fiber has excellent mechanical qualities. These fibers are strong, fire-resistant, and light in weight. 
Depending on what portion of the stem it is made from, banana fiber can appear fairly glossy [17]. Strong moisture 
absorbing and moisture releasing characteristics are shared by banana fiber. As a result, it is primarily worn in the 
summer. Banana fiber can be produced and harvested without the use of chemicals [18]. Biodegradable, all-natural 
banana fiber has no harmful effects on the environment. The qualities of natural fibers can be enhanced by blending 
banana fiber with cotton, silk, or other natural fibers to produce a range of garments [19]. 

Table 1 Physical and Chemical Properties of Banana Fiber [retrieved from Paswan et al. 2012 [20]] 

Fibers Width or 
diameter 
(µm) 

Density 
(kg/m3) 

 

Cell 
L/D 
ratio 

 

Microfibrillar 
angle 
(degree) 

Initial 
modulus 
(GPa) 

Tensile 
strength 
(MPa) 

Elongation 
(%) 

 

Banana pseudo-
stem 

80–250 1350 150 10 ± 1 7.7–20.0 54–754 10.35 

 

1.2. Eco-friendly Properties of Banana Fiber 

A natural bast fiber is banana fiber. The pseudostem of the banana plant is used to harvest banana fiber. Banana plants 
must be removed after bearing fruit since they cannot be used to produce the fruit again. The demand for bananas rises 
with population growth, and as there are more banana tree plantations, there is more annual waste from banana 
plantations. Therefore, it is important to make an effort to turn this waste into wealth [21]. 

Manufacturing procedures are influenced by the idea of sustainable and environmentally friendly development. Waste 
biomass from various plants is now frequently exploited to obtain natural fibers [1]. A study found that billions of tons 
of banana plant stems are discarded annually. Farmers typically burn off the fruit waste after harvesting it or dump it 
into rivers and lakes, but if done improperly, this can be dangerous to the environment. Banana trees can be grown 
without the use of pesticides or other chemicals [22]. A study found that, if made in big quantities, banana cloth could 
be less expensive than cotton and linen. Additionally, banana fabric shines well and has good moisture absorption, much 
like linen. Many people in the fashion industry are aware of the need for environmentally friendly and sustainable 
choices to protect natural resources and the environment. Promoting environmentally friendly clothing and textiles 
aims to reduce social and ecological impacts, including the carbon footprints associated with textile production [23]. 
Using agricultural waste as a raw material instead of damaging the environment is encouraged by banana fabric. 
Farmers will also gain from it. According to research, the income of Indian farmers has increased by up to 300% [24]. 
Additionally, it provides chances for rural villages and hilly regions to improve their quality of life, and women from the 
villages can work in the manufacturing of a variety of bio-products from banana trash [25]. 

2. Methods for Extraction of Banana Fiber 

2.1. Banana fiber removal 

Tuxing refers to the process of removing the gummy cellulose-like substance off the banana stem in order to separate 
the fibers from the stem. This can be eliminated manually or mechanically [26]. When these plant trunks are softened 
by soaking in surrounding rivers, it is possible to separate the fibers efficiently and effectively; this procedure is known 
as retting. By retting, hemicelluloses and lignin, which are present in the pseudostem of the banana plant, are greatly 
diminished. The grade of retrieved pseudo-stem fiber varies according on the local climate, soil, and irrigation [27]. 
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2.2. By hand extraction 

Historically, taxation was performed manually, which is a tedious and time-consuming operation. Manually, these 
sheaths are separated and lightly rolled before the stem's coating is scraped off using a metal scraper [28]. The fibers 
were then cleansed and dried. If care is not used when scraping, the fiber will be destroyed. Manual fiber extraction is 
not suitable for industrial applications [29]. 

2.3. Extraction by means of mechanical extraction 

A specialized machine is devised and built to automate the mechanical extraction of fiber. This machine consists of two 
horizontal beams and a carriage with an attached, reciprocating special comb. A cleaned banana sheath is placed on the 
platform, which is attached to the machine, before being clasped at both ends by jaws. With this procedure, fiber damage 
can be prevented. The fibers are then washed and dried in a 200°C chamber Mechanical extraction of banana fiber is an 
eco-friendly technique for producing fibers of excellent quality and quantity [30]. 

2.4. Chemical Extraction 

In an alkaline solution, banana peels are cooked for chemical extraction. These sheaths are softened, and the fibers and 
cellulose are separated. The fibers are then combined into a long thread for spinning [31]. 

 

Figure 2 Extraction of fibers from banana stems [adopted from Ortega et al. 2016 [32]] 

3. Sustainable Application of Banana Fiber 

In the textile business, banana fiber is widely utilized as a blending component in nations including the Philippines, 
Malaysia, Japan, and Korea. It is simple to combine with other natural fibers like jute and mesta. Because of this, a wide 
range of industrial items, including gunny bags, door mats, carpets, yarn, ropes, geotextiles, trinkets, luggage carriers, 
interior ornamental crafts paper, tissue paper, paper bags, and more, can be made using this fiber [33]. Additionally, it 
has various industrial applications, including those of a natural sorbent, a foundational component in bioremediation 
and recycling, and a natural water purifier [34]. Banana fiber is used in Europe, among other places, to make socks and 
gloves. 

3.1. Yarn 

Banana fiber yarn is a type of rope created from extracted banana fiber (Fig. 2). One of the most fundamental abilities 
for converting any linear material into a functional stage is making rope [35]. For pulling and attaching, rope is a length 
of fibers that have been twisted or braided together to increase strength. It is too flexible to offer compressive strength 
despite having tensile strength [36]. The banana tree's decomposing bark actually has three layers. The toughest layer 
is the outer one, which is typically used for weaving. The inner layer, which contains the silkiest fiber, is used to spin 
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yarns and create beautiful apparel such as sarees, three-piece suits, t-shirts, underwear, etc. The middle layer creates 
rope that is used to make thick material (Fig. 3) (Retrieved from [Mohiuddin et al. 2014 [25]]. 

   

Yarn from inner layer Yarn from middle layer Yarn from outer layer 

Figure 3 Making yarn from banana fiber [adopted from Mohiuddin et al., 2014 [25]] 

 

    

Saree Shirt Female’s dress Night dress 

    

Coaster Table mat Stylish hand bag Shopping bag 

Laminated fabric Laminated fabric Normal fabric Eco Shopping bag 

Figure 4 Various useful items constructed from banana fibers [adopted from Mohiuddin et al., 2014 [25]] 

3.2. Clothing and Textiles 

Fabric refers to materials created from rope or yarn, whereas clothing refers to the numerous sorts of clothes 
constructed from cloth [37]. Producing fabric and clothing from banana fiber follows the same steps as producing cotton 
material. Additionally, it is possible to create synthetic and laminated fabrics by combining specific amounts of different 
fibers, such as cotton or jute (Fig. 4). 

3.3. Paper 

For the production of writing paper, check paper, anti-grease paper, and hard board, banana fiber can serve as a 
substitute raw material (Fig. 4) [34, 38]. Banana plants are first harvested for their basic paper components, and then 
they are harvested for their fibers. Before creating pulp, the gathered fibers are soaked in water. After that, the extracted 
fiber undergoes a 3-5-day microbial bleaching process utilizing Trichoderma and Pythium [34]. By breaking the links 
between lignocellulose complex structures, lignin, and hemicelluloses, these fungi act on cellulose, causing the 
breakdown and leaching out of these materials [39]. It improves the paper's brightness, softens the fiber, and makes the 
pulping process simpler. 
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After the microbial treatment, the banana fiber needs to be cleaned to get rid of any contaminants, including bacteria, 
and beat into pulp. During the beating process, all of the additives must be introduced in the specified quantities and 
exact proportions. Typically, the bonding between the fibers in paper pulp is modified or improved using starch, 
polysaccharide resins, and natural gums (glue). During the size process, wetting and penetration ability are attempted 
to be slowed. Sizing decreases porosity, which also affects absorption capacity. Following the completion of numerous 
procedures, pulp is used to create the finished paper [38]. Shopping bags, folders, greeting cards, invitation covers, 
scribing pads, envelops, art paper, printing paper, and other items are made from this paper. Additionally, writing paper 
is also made from banana fiber using the standard industrial technique, but with the pulp of bamboo or wood instead 
of banana fiber [34] (Fig. 5). 

   

Cheque paper Anti-grease paper Banana fiber paper 

Figure 5 Paper products made from banana fibers [Retrieved from Mohiuddin et al. 2014 [25]] 

3.4. Production of solid board 

Banana fiber is combined with scutcher, cotton rags, waste paper, and paddy straw in varied amounts to produce hard 
paper and boards [34]. (Fig. 6). This sort of board is replacing older boards on the market in a variety of applications. 

    

Banana fiber board Paper made products Fiber made rope Fiber made products 

Figure 6 Fiber board and paper made products from banana fibers [adopted from Mohiuddin et al. 2014 [25]] 

3.5. Handicrafts 

Banana fiber is used to make a variety of crafts. It consists of numerous dolls, key chains, bags, coasters, table mats, 
pillows, and other ornamental wall hangings (Fig. 6). Participating in this industry can help women, in particular, 
improve their economic and social situations [40]. 

3.6. Environmental Friendly Bag 

Banana fiber can be used to create an eco-bag, which degrades naturally [40]. Compared to a bag made entirely of cotton, 
this eco-bag made of banana fiber is robust, wrinkle-resistant, and absorbent-resistant. To raise the standard of the eco-
bag, several designs and color schemes are mandated (Fig. 6). 

3.7. Natural fertilizer 

Vermicomposting can be used as organic fertilizer on agricultural areas [41]. At a research farm and farmers' fields, 
respectively, experiments and demonstrations using scutcher-based vermicomposting are being carried out on a variety 
of crops, including sugarcane, bananas, papaya, ginger, etc. Vermicomposting has been discovered to have effects that 
are comparable to bio compost in bananas and sugarcane, which can maintain the health of crop fields [40]. 
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3.8. Sanitary Napkins 

The International Institute for Environment and Development (TIIED) has developed a program to educate African 
women on the production of inexpensive and environmentally friendly sanitary pads from banana fibers Many scientists 
are working to promote and produce a biodegradable residential product [42]. 

4. Market opportunity 

The market potential for banana fiber and related products is shown in the review above. There are enough raw 
resources, and since Bangladesh's soil is suited for growing banana trees, there is room for additional expansion [43].  

It is well known that cotton costs are rising yearly on a global scale. On the other hand, Bangladesh imports close to 96–
97% of its cotton from abroad each year. 18 thousand taka are needed annually. Investigating the many natural fiber 
sources is crucial to resolving this dilemma. In addition, the banana tree is completely useless and seen as a waste, save 
for its fruit. Banana fiber has already been investigated for its potential to partially replace the consumption of cotton 
and jute fiber in many nations [40]. The local market has a significant demand for handicrafts, clothing, paper and paper 
goods, vermicomposting, food created from the central core of banana trees, natural colors, and clothing. If these 
products can be made from materials like banana fiber, they will be less expensive than comparable products now on 
the market [9]. 

5. Prospects of Banana Fiber Composites 

The utilization of banana fiber composites is seeing a growing trend in various applications owing to their remarkable 
mechanical qualities and promise for sustainable development. The utilization of these applications is seen in several 
sectors such as building and construction, automobile, sports equipment, and packaging industries. The utilization of 
banana fiber composites in the building and construction sectors has witnessed a notable rise due to their status as an 
environmentally friendly substitute for conventional synthetic composites. The utilization of these composites in 
roofing materials, flooring materials, and wall panels has demonstrated a significant paradigm shift, presenting 
numerous advantages in comparison to synthetic composites [44]. To begin with, it should be noted that banana fiber 
composites possess characteristics that render them environmentally sustainable and capable of undergoing natural 
decomposition. Consequently, these attributes make them a highly appealing choice for the implementation of eco-
conscious construction initiatives. This holds significant importance, particularly in light of the growing global 
awareness regarding the environmental ramifications associated with construction activities. Furthermore, it should be 
noted that these materials possess a commendable strength-to-weight ratio, rendering them very suitable for various 
applications such as roofing, flooring, and wall panel installations. The reason for this is that composites provide a 
favorable combination of strength and durability, rendering them well-suited for many building and construction 
purposes. Nevertheless, a constraint associated with the utilization of banana fiber composites within the building and 
construction sector pertains to their restricted accessibility, potentially resulting in escalated expenses. However, in 
spite of this constraint, the utilization of banana fiber composites within the building and construction sector is 
anticipated to expand due to the increasing environmental awareness among individuals and their inclination towards 
eco-friendly construction materials [45]. 

Banana fiber composites have been widely used by the automotive industry as a prominent material for the 
manufacturing of composite components, including bumpers and body panels. These composite materials exhibit an 
exceptional strength-to-weight ratio, rendering them a superior selection for automotive applications that necessitate 
the reduction of weight. Moreover, their exceptional resistance to impact and capacity to endure adverse weather 
conditions render them very suitable for meeting the rigorous requirements of the automobile sector. Despite the 
numerous advantages, a major limitation of incorporating banana fiber composites within the automobile industry lies 
in their comparatively restricted accessibility when compared to conventional synthetic composites, potentially 
resulting in increased expenses [46]. The utilization of banana fiber composites in the production of sports equipment, 
such as golf clubs and tennis rackets, has been widely adopted by the sports equipment sector. Composite materials 
possess numerous advantages when compared to conventional materials, such as a notable strength-to-weight ratio 
and enhanced durability. Consequently, they are highly suitable for implementation within the sports industry, where 
the attainment of an optimal equilibrium between strength and weight is of utmost importance. Furthermore, the 
utilization of environmentally friendly and sustainable materials is in accordance with the principles upheld by 
numerous sports fans and consumers. Nevertheless, akin to various other industries, the utilization of banana fiber 
composites in sports encounters a constraint in the form of restricted accessibility. Consequently, this limitation may 
potentially lead to a larger financial burden compared to conventional synthetic composites. However, the growing need 
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for environmentally friendly and efficient materials could potentially incentivize the advancement and manufacturing 
of composites made from banana fibers, hence enhancing their availability and cost-efficiency [47]. 

Banana fiber composites have emerged as a viable and environmentally-friendly substitute for synthetic composites 
within the packaging sector. The utilization of banana fiber in packaging has numerous benefits, including its 
environmentally benign nature, biodegradability, and notable strength-to-weight ratio. These characteristics render it 
very suitable for the packaging of products that require both low weight and high durability. Nevertheless, a constraint 
associated with the utilization of banana fiber composites within the packaging sector is their restricted accessibility, 
hence potentially resulting in elevated expenses when compared to conventional synthetic composites. Nevertheless, 
the utilization of banana fiber composites within the packaging sector is experiencing an upward trend due to 
heightened consumer awareness regarding the environmental implications of packaging and their increasing demand 
for sustainable packaging alternatives [48]. 

In addition to aerospace and medicine, other industries have the capacity to utilize banana fiber composites owing to 
their remarkable mechanical characteristics. Nevertheless, the restricted accessibility could continue to be a barrier in 
these sectors. Furthermore, the utilization of banana fiber composites holds promise in the aerospace and medical 
sectors, which demand the use of high-performance composites. Nevertheless, the restricted accessibility and elevated 
expenses associated with these composites could potentially present a hurdle within these particular sectors [49]. 

6. Prospects of Banana Fiber in Circular Economy 

There has recently been a lot of study conducted globally to identify a different source for the manufacture of fiber. 
Agricultural waste products, like the leftover biomass from bananas, are excellent secondary sources for making natural 
fibers [50]. The proper management of agricultural residues will support circular bio economy concepts that focus on 
building a framework of renewable resources, like banana fibers, to be used for food management, health, land, and 
industrial systems using techniques like creating fibers from biomass waste, as well as significantly lessen the 
environmental issues brought on by current disposal practices. An economy that is powered by nature is the bio-
economy. It is a new economic model that replaces various non-renewable wastes and reduces waste by using 
renewable products. The concept behind it is to make garbage into a valuable resource for society [51]. By creating 
polymers and serving various purposes, the biomass can help society by utilizing this circular bio-economy concept for 
plant fibers. Potential earnings for banana growers and the worldwide industry will come from the value of the finished 
goods and fibers. It is environmentally beneficial and decreases the need for polymers made from fossil fuels. There are 
obstacles to overcome, such as determining how much of these biomass waste fibers can actually be used in society 
[12]. Given that the global production of this waste into fibers is growing annually and that more strategies for utilizing 
this waste are now being investigated and developed, the prospects for its usage are positive. Due to its widespread 
production, the banana plant was chosen as the most crucial agricultural waste to concentrate on volume and its surplus 
biomass, which has a variety of uses and can help promote sustainability in a circular bio-economy by reducing waste 
[52]. Currently, the growth of industry and the mass creation of synthetic materials are the main contributors to climate 
change. Therefore, we draw the conclusion that building an integrated bio-refinery option will be prioritized in order 
to create fibers and other important goods from the recycling of agricultural residues, and low-cost technologies should 
be developed in order to support the circular bio-economy [53]. 

7. Conclusion 

The pseudo-stem of the banana plant, which is typically discarded after the fruit is harvested, represents a valuable and 
high-quality source of dietary fiber. The extraction method plays a significant role in determining both the quality and 
amount of fiber. The utilization of banana fiber in many industrial contexts presents novel avenues for academic and 
industry exploration of its potential applications. The usefulness of banana fiber for various applications is primarily 
influenced by concerns related to its fiber content and strength qualities. The high cellulose concentration and low lignin 
content of banana fiber render it a very suitable option for use in the pulp and paper industry, an industry that is widely 
recognized for its significant environmental impact. Due to its remarkable absorption and tensile characteristics, 
banana fiber exhibits significant promise as a primary material for the production of sanitary pads. This is particularly 
relevant considering the present environmental concerns associated with the predominant use of plastic-based sanitary 
pads, which contribute significantly to pollution. Hence, banana fiber presents itself as a viable and cost-effective 
substitute for synthetic fibers, thereby contributing to environmental sustainability. One of the primary obstacles faced 
in the commercial utilization of banana fiber pertains to the effective and environmentally sustainable extraction of 
high-quality fiber from the pseudo-stem on a significant scale. The current body of research primarily consists of 
laboratory studies, thereby necessitating the need for further development and implementation of methods on an 
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industrial scale. There are several potential future applications that warrant exploration for banana fiber, including the 
development of plastic-free and environmentally friendly N95-type masks, personal protective equipment (PPE) kits, 
carry bags, eco-friendly clothing, mattresses, and carpets. Additionally, banana fiber may find utility in the realm of art 
and craft design. Further investigation is required to study the potential utility of capsule coatings in the field of 
medicinal research.  

Compliance with ethical standards 

Acknowledgments 

The authors would like to thank all the writers who have contributed in the field of sustainable usage of banana fiber.  

Disclosure of conflict of interest 

The authors declare that they have no known conflict of interests.  

References 

[1] Balda S, Sharma A, Capalash N, Sharma P. Banana fibre: a natural and sustainable bioresource for eco-friendly 
applications. Clean Tech. Env. Pol. 2021; 23(5): 1389-1401. doi: https://doi.org/10.1007/s10098-021-02041-y 

[2] Dunne R, Desai D, Sadiku R, Jayaramudu J. A review of natural fibres, their sustainability and automotive 
applications. J. Rein. Plast. Comp. 2016; 35(13): 1041-1050. doi: https://doi.org/10.1177/0731684416633898 

[3] Vinod A, Sanjay MR, Suchart S, Jyotishkumar P. Renewable and sustainable biobased materials: An assessment 
on biofibers, biofilms, biopolymers and biocomposites. J. Clean. Prod. 2020; 258: 120978. doi: 
https://doi.org/10.1016/j.jclepro.2020.120978 

[4] Yan L, Chouw N, Huang L, Kasal B. Effect of alkali treatment on microstructure and mechanical properties of coir 
fibres, coir fibre reinforced-polymer composites and reinforced-cementitious composites. Cons. Build. Mat. 
2016; 112: 168-182. doi: https://doi.org/10.1016/j.conbuildmat.2016.02.182  

[5] Li K, Fu S, Zhan H, Zhan Y, Lucia L. Analysis of the chemical composition and morphological structure of banana 
pseudo-stem. Bio Res. 2010; 5(2): 576-585. doi: 
https://jtatm.textiles.ncsu.edu/index.php/BioRes/article/view/BioRes_05_2_0576_Li_FZZL_Anal_Chem_Struc_
Banana_Pseudostem 

[6] Ernest EM, Peter AC. Application of selected chemical modification agents on banana fibre for enhanced 
composite production. Clean. Mat. 2022; 5: 100131. doi: https://doi.org/10.1016/j.clema.2022.100131  

[7] FAOSTAT (2018). doi: http://www.fao.org/faostat/en/#data/QC 

[8] Mohammed AS, Bachtiar D, Siregar JP, Rejab MRM. Effect of sodium hydroxide on the tensile properties of sugar 
palm fibre reinforced thermoplastic polyurethane composites. J. Mech. Eng. Sci. 2016; 10(1): 1765-1777. doi: 
https://doi.org/10.15282/jmes.10.1.2016.2.0170  

[9] Emaga TH, Andrianaivo RH, Wathelet B, Tchango JT, Paquot M. Effects of the stage of maturation and varieties on 
the chemical composition of banana and plantain peels. Food Chem. 2007; 103(2): 590-600. doi: 
https://doi.org/10.1016/j.foodchem.2006.09.006 

[10] Motaleb KZM, Mizan RA, Milašius R. Development and characterization of eco-sustainable banana fiber 
nonwoven material: surface treatment, water absorbency and mechanical properties. Cell. 2020; 27(14): 7889-
7900. doi: https://doi.org/10.1007/s10570-020-03343-y  

[11] Padam BS, Tin HS, Chye FY, Abdullah MI. Banana by-products: an under-utilized renewable food biomass with 
great potential. J. Food Sci. Tech. 2014; 51: 3527-3545. doi: https://doi.org/10.1007/s13197-012-0861-2  

[12] Tripathi N, Hills CD, Singh RS, Atkinson CJ. Biomass waste utilisation in low-carbon products: harnessing a major 
potential resource. NPJ Clim. Atm. Sci, 2019; 2(1): 1-10. doi: https://doi.org/10.1038/s41612-019-0093-5  

[13] Akinyemi BA, Dai C. Development of banana fibers and wood bottom ash modified cement mortars. Cons. Build. 
Mat. 2020; 241: 118041. doi: https://doi.org/10.1016/j.conbuildmat.2020.118041  

[14] Arafat K, Nayeem J, Quadery AH, Quaiyyum MA, Jahan MS. Handmade paper from waste banana fibre. Bangladesh 
J. Sci. Indus. Res. 2018; 53(2), 83-88. doi: chrome-

https://doi.org/10.1007/s10098-021-02041-y
https://doi.org/10.1177/0731684416633898
https://doi.org/10.1016/j.jclepro.2020.120978
https://doi.org/10.1016/j.conbuildmat.2016.02.182
https://jtatm.textiles.ncsu.edu/index.php/BioRes/article/view/BioRes_05_2_0576_Li_FZZL_Anal_Chem_Struc_Banana_Pseudostem
https://jtatm.textiles.ncsu.edu/index.php/BioRes/article/view/BioRes_05_2_0576_Li_FZZL_Anal_Chem_Struc_Banana_Pseudostem
https://doi.org/10.1016/j.clema.2022.100131
https://doi.org/10.15282/jmes.10.1.2016.2.0170
https://doi.org/10.1016/j.foodchem.2006.09.006
https://doi.org/10.1007/s10570-020-03343-y
https://doi.org/10.1007/s13197-012-0861-2
https://doi.org/10.1038/s41612-019-0093-5
https://doi.org/10.1016/j.conbuildmat.2020.118041


International Journal of Science and Research Archive, 2023, 10(02), 828–839 

837 

extension://efaidnbmnnnibpcajpcglclefindmkaj/https://pdfs.semanticscholar.org/9ad7/3b7536e32ba4b1ee9
b699f51be04be649d30.pdf  

[15] Amir N, Abidin KAZ, Shiri FBM. Effects of fibre configuration on mechanical properties of banana fibre/PP/MAPP 
natural fibre reinforced polymer composite. Pro. Eng. 2017; 184: 573-580. 
https://doi.org/10.1016/j.proeng.2017.04.140  

[16] Imoisili PE, Fadare OB, Popoola AV, Okoronkwo AE (2017). Effect of chemical treatment on the morphology and 
mechanical properties of plantain (Musa paradisiaca) fiber. IOSR J. App. Chem. 2017; 10(5), 70-73. doi: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://d1wqtxts1xzle7.cloudfront.net/55147400/J1005017
073-libre.pdf?1511961942=&response-content-
disposition=inline%3B+filename%3DEffect_of_Chemical_Treatment_on_the_Morp.pdf&Expires=1694675741&
Signature=CIrbonbDPV2O2IEiG2E-RLBBySAxga8L-IwOG-RCGq7IFkGaSjkuaHctsM-
7PxSB4NOkuAyOLFgYGNWX4hymW~HmDLdOcWJAIn3bsDE3NpdLp6fWVnLucv9m-
aa7KjkZZlANpOh6tXh6F9NUTM5fB21SiWdxnNCpRUY~pYjFDfVep4pQwnbdkzbpnfxR09qVY19hI5ZKcOGQMft
BOeMCyok3qQ0GYqThZdpTDAaJEc6B-6Mk0UW0V9yBzDwQM3sldGTIE1VU7PVvEIBtez1GARtGwVs-pYs-
pozxglZr~P5TE4KiooIV~ES-60ZDh1TSY--TSepTkDCFTkUsIZ-vaA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA  

[17] Nilza G, Virgo JSJ, Buchanan V. Potential of Jamaican banana, coir, bagasse fiber as composite materials. Mat. 
Charac. 2008; 59: 1273-12738. doi: https://doi.org/10.1016/j.matchar.2007.10.011 

[18] Sapuan SM, Leenie A, Harimi M, Beng YK. Mechanical properties of woven banana fibre reinforced epoxy 
composites. Mat. Des. 2006; 27(8): 689-693. doi: https://doi.org/10.1016/j.matdes.2004.12.016 

[19] Jagadeesh P, Puttegowda M, Mavinkere Rangappa S, Siengchin S. A review on extraction, chemical treatment, 
characterization of natural fibers and its composites for potential applications. Pol. Com. 2021; 42(12): 6239-
6264. doi: https://doi.org/10.1002/pc.26312 

[20] Paswan A, Azad CS, Ranjan RD. Banana wastes usefulness in manufacturing of bioproducts-A review. Progressive 
Research – An Int. J. Soc. Sci. Dev. Agri. 2012; 7: 441-444. doi: https://www.asthafoundation.in/img/13-
Anil%20Paswan%20P.pdf  

[21] Gupta US, Dhamarikar M, Dharkar A, Tiwari S, Namdeo R. Study on the effects of fibre volume percentage on 
banana-reinforced epoxy composite by finite element method. Adv. Comp. Hyb. Mat. 2020; 3(4): 530-540. doi: 
https://doi.org/10.1007/s42114-020-00179-9  

[22] Bilba K, Arsene MA, Ouensanga A. Study of banana and coconut fibers: Botanical composition, thermal 
degradation and textural observations. Biores. Tech. 2007; 98(1), 58-68. doi: 
https://doi.org/10.1016/j.biortech.2005.11.030  

[23] Balakrishnan S, Wickramasinghe GLD, Wijayapala US. Investigation on improving banana fiber fineness for textile 
application. Tex. Res. J. 2019; 89(21-22): 4398-4409. doi: https://doi.org/10.1177/004051751983575  

[24] Balaji A, Sivaramakrishnan K, Karthikeyan B, Purushothaman R, Swaminathan J, Kannan S, Haja Madieen A. Study 
on mechanical and morphological properties of sisal/banana/coir fiber-reinforced hybrid polymer composites. J. 
Braz. Soc. Mech. Sci. Eng. 2019; 41(9): 1-10. doi: https://doi.org/10.1007/s40430-019-1881-x  

[25] Mohiuddin AKM, Saha MK, Hossian MS, Ferdoushi A. Usefulness of banana (Musa paradisiaca) wastes in 
manufacturing of bio-products: a review. The Agri. 2014; 12(1): 148-158. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.researchgate.net/profile/Md-Hossain-
72/publication/264458716_Usefulness_of_Banana_Musa_paradisiaca_Wastes_in_Manufacturing_of_Bio-
products_A_Review/links/53e055650cf2a768e49f612f/Usefulness-of-Banana-Musa-paradisiaca-Wastes-in-
Manufacturing-of-Bio-products-A-Review.pdf  

[26] Islam T, Karim MR, Roy M, Islam MS, Mohammad H, Jayed PB. Dyeing Properties of Banana Fibre Dyed with 
Different Dyes. Int. J. Eng. Adv. Tech. 2019; 9(1). doi: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://d1wqtxts1xzle7.cloudfront.net/96032158/A1285109
119-libre.pdf?1671455064=&response-content-
disposition=inline%3B+filename%3DDyeing_Properties_of_Banana_Fibre_Dyed_w.pdf&Expires=1694675796&
Signature=TVdBXnWd1Xk40aJRVkJtK0SOosluhv8z66cd-dxMi-
7bg~63R5mTq7To2Cnpxlw1Ply3CljYrjW2cnLvVlbmyPcAG6~9akhSzDVtCeRaNYC6sGCFUJ1N8m1OUeIbyurAX
lPcRb4WDg~qSr9XrGDdpN2PNVDrnvXlwR7sQK9iXhOY9fTTMSRnnxK7XXciUIKxJmluOyTUsJ7E~OLqq3I5r4c9
szjn1GrayPILbHl4ZHxqypiIG-f9S-uefY0A2BeDiyaUnAVCOMi1~hDNkEiFk7wo-XiDDPC-uox-
EgworR0McnWJ~qMaM4bfFvfA78nXrAtAMaGhJ2IaL~R0K-WHww__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA  

https://doi.org/10.1016/j.proeng.2017.04.140
https://doi.org/10.1016/j.matchar.2007.10.011
https://doi.org/10.1016/j.matdes.2004.12.016
https://doi.org/10.1002/pc.26312
https://www.asthafoundation.in/img/13-Anil%20Paswan%20P.pdf
https://www.asthafoundation.in/img/13-Anil%20Paswan%20P.pdf
https://doi.org/10.1007/s42114-020-00179-9
https://doi.org/10.1016/j.biortech.2005.11.030
https://doi.org/10.1177/0040517519835758
https://doi.org/10.1007/s40430-019-1881-x


International Journal of Science and Research Archive, 2023, 10(02), 828–839 

838 

[27] Subagyo A, Chafidz A. Banana pseudo-stem fiber: Preparation, characteristics, and applications. Ban. nut. -func. 
Proc. Kin. 2018; 1-19. doi: 
https://books.google.com.bd/books?hl=en&lr=&id=rjP8DwAAQBAJ&oi=fnd&pg=PA47&dq=Banana+pseudo-
stem+fiber:+Preparation,+characteristics,+and+applications.&ots=2JlqLrN7Gv&sig=Fxg09M1EJunx0fNMNUpi6
AR2kU8&redir_esc=y#v=onepage&q=Banana%20pseudo-
stem%20fiber%3A%20Preparation%2C%20characteristics%2C%20and%20applications.&f=false 

[28] Chattopadhyay SN, Pan NC, Roy AN, Samanta KK. Pretreatment of jute and banana fiber—its effect on blended 
yarn and fabric. J. Nat. Fib. 2018. doi: https://www.tandfonline.com/doi/10.1080/15440478.2018.1469450 

[29] Kalia S, Thakur K, Celli A, Kiechel MA, Schauer CL. Surface modification of plant fibers using environment friendly 
methods for their application in polymer composites, textile industry and antimicrobial activities: A review. J. 
Env. Chem. Eng. 2013; 1(3): 97-112. doi: https://doi.org/10.1016/j.jece.2013.04.009  

[30] Binu Kumar VJ, Bensam Raj J, Karuppasamy R, Thanigaivelan R. Influence of chemical treatment and moisture 
absorption on tensile behavior of neem/banana fibers reinforced hybrid composites: an experimental 
investigation. J. lNat. Fib. 2020; 1-12. doi: 
https://www.tandfonline.com/doi/abs/10.1080/15440478.2020.1838995  

[31] Benedetto RMD, Gelfuso MV, Thomazini D. Influence of UV radiation on the physical-chemical and mechanical 
properties of banana fiber. Mat. Res. 2015; 18: 265-272. doi: https://doi.org/10.1590/1516-1439.371414  

[32] Ortega Z, Morón M, Monzón MD, Badalló P, Paz R. Production of banana fiber yarns for technical textile reinforced 
composites. Mat. 2016; 9(5): 370. doi: https://doi.org/10.3390/ma9050370  

[33] Vadivel K, Vijayakumar A, Solomon S, Santhoshkumar R. A review paper on design and fabrication of banana fiber 
extraction machine and evaluation of banana fiber properties. Int. J. Adv. Res. Elec. Elec. Instr. Eng. 2017; 63:3. 
doi: chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.researchgate.net/profile/K-
Vadivel-
3/publication/331732899_A_Review_Paper_on_Design_and_Fabrication_of_Banana_Fiber_Extraction_Machine_
and_Evaluation_of_Banana_Fiber_Properties/links/5c8b647a45851564fade62eb/A-Review-Paper-on-Design-
and-Fabrication-of-Banana-Fiber-Extraction-Machine-and-Evaluation-of-Banana-Fiber-Properties.pdf  

[34] Debabandya M, Sabyasachi M, Namrata S. Banana and its by-product utilization: an overview. J. Sci. Indus. Res., 
2010; 69: 323-329. doi: https://nopr.niscpr.res.in/handle/123456789/8581  

[35] Li C, Liu J, Ivo Achu N, Fang J. Sustainable management of banana waste through renewable energy and bio-
fertilizer generation. Agr. Iss Pol. 2016; 69-89. doi: https://lup.lub.lu.se/search/publication/a423424b-28ba-
43ad-896b-c1f218cb690b  

[36] Maleque MA, Belal FY, Sapuan SM. Mechanical properties study of pseudo-stem banana fiber reinforced epoxy 
composite. The Arab. J. Sci Eng. 2007; 32(2B): 359-364. doi: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/http://irep.iium.edu.my/20909/1/P26_2007.pdf  

[37] Sapuan SM, Maleque MA. Design and fabrication of natural fiber reinforced composite for household 
application. J. Mat. Des. 2005; 26(1), 65-71. doi: 
https://www.researchgate.net/publication/222805829_Design_and_fabrication_of_natural_woven_fabric_reinf
orced_epoxy_composite_for_household_telephone_stand 

[38] Cordeiro N, Belgacem MN, Torres IC, Moura JCVP. Chemical composition and pulping of banana pseudo-
stems. Indus. Cro. Prod. 2004; 19(2): 147-154. doi: https://doi.org/10.1016/j.indcrop.2003.09.001  

[39] Crouch JH, Vuylsteke D, Ortiz R. Perspectives on the application of biotechnology to assist the genetic 
enhancement of plantain and banana (Musa spp.). Elec. J. Biotech. 1998; 1(1). doi: 
https://www.scielo.cl/scielo.php?pid=S0717-34581998000100002&script=sci_arttext 

[40] Patil RG, Kolambe BN. Development of value added products from banana pseudostem. An Over. Prog. Nat. Agri. 
Inn. Proj. (Comp. 2), 2011; 1-23. doi: 
https://www.researchgate.net/publication/339750142_DEVELOPMENT_OF_VALUE_ADDED_PRODUCTS_FRO
M_BANANA_PSEUDOSTEM_An_Overview_of_Progress_National_Agricultural_Innovation_Project_Component_2 

[41] Phirke NV, Patil RP, Chincholkar SB, Kothari RM. Recycling of banana pseudostem waste for economical 
production of quality banana. Res. Conserv. Recyc. 2001; 31(4), 347-353. doi: https://doi.org/10.1016/S0921-
3449(00)00092-6  

https://books.google.com.bd/books?hl=en&lr=&id=rjP8DwAAQBAJ&oi=fnd&pg=PA47&dq=Banana+pseudo-stem+fiber:+Preparation,+characteristics,+and+applications.&ots=2JlqLrN7Gv&sig=Fxg09M1EJunx0fNMNUpi6AR2kU8&redir_esc=y#v=onepage&q=Banana%20pseudo-stem%20fiber%3A%20Preparation%2C%20characteristics%2C%20and%20applications.&f=false
https://books.google.com.bd/books?hl=en&lr=&id=rjP8DwAAQBAJ&oi=fnd&pg=PA47&dq=Banana+pseudo-stem+fiber:+Preparation,+characteristics,+and+applications.&ots=2JlqLrN7Gv&sig=Fxg09M1EJunx0fNMNUpi6AR2kU8&redir_esc=y#v=onepage&q=Banana%20pseudo-stem%20fiber%3A%20Preparation%2C%20characteristics%2C%20and%20applications.&f=false
https://books.google.com.bd/books?hl=en&lr=&id=rjP8DwAAQBAJ&oi=fnd&pg=PA47&dq=Banana+pseudo-stem+fiber:+Preparation,+characteristics,+and+applications.&ots=2JlqLrN7Gv&sig=Fxg09M1EJunx0fNMNUpi6AR2kU8&redir_esc=y#v=onepage&q=Banana%20pseudo-stem%20fiber%3A%20Preparation%2C%20characteristics%2C%20and%20applications.&f=false
https://books.google.com.bd/books?hl=en&lr=&id=rjP8DwAAQBAJ&oi=fnd&pg=PA47&dq=Banana+pseudo-stem+fiber:+Preparation,+characteristics,+and+applications.&ots=2JlqLrN7Gv&sig=Fxg09M1EJunx0fNMNUpi6AR2kU8&redir_esc=y#v=onepage&q=Banana%20pseudo-stem%20fiber%3A%20Preparation%2C%20characteristics%2C%20and%20applications.&f=false
https://www.tandfonline.com/doi/10.1080/15440478.2018.1469450
https://doi.org/10.1016/j.jece.2013.04.009
https://www.tandfonline.com/doi/abs/10.1080/15440478.2020.1838995
https://doi.org/10.1590/1516-1439.371414
https://doi.org/10.3390/ma9050370
https://nopr.niscpr.res.in/handle/123456789/8581
https://lup.lub.lu.se/search/publication/a423424b-28ba-43ad-896b-c1f218cb690b
https://lup.lub.lu.se/search/publication/a423424b-28ba-43ad-896b-c1f218cb690b
https://www.researchgate.net/publication/222805829_Design_and_fabrication_of_natural_woven_fabric_reinforced_epoxy_composite_for_household_telephone_stand
https://www.researchgate.net/publication/222805829_Design_and_fabrication_of_natural_woven_fabric_reinforced_epoxy_composite_for_household_telephone_stand
https://doi.org/10.1016/j.indcrop.2003.09.001
https://www.scielo.cl/scielo.php?pid=S0717-34581998000100002&script=sci_arttext
https://www.researchgate.net/publication/339750142_DEVELOPMENT_OF_VALUE_ADDED_PRODUCTS_FROM_BANANA_PSEUDOSTEM_An_Overview_of_Progress_National_Agricultural_Innovation_Project_Component_2
https://www.researchgate.net/publication/339750142_DEVELOPMENT_OF_VALUE_ADDED_PRODUCTS_FROM_BANANA_PSEUDOSTEM_An_Overview_of_Progress_National_Agricultural_Innovation_Project_Component_2
https://doi.org/10.1016/S0921-3449(00)00092-6
https://doi.org/10.1016/S0921-3449(00)00092-6


International Journal of Science and Research Archive, 2023, 10(02), 828–839 

839 

[42] Singh RK, Luthra S, Mangla SK, Uniyal S. Applications of information and communication technology for 
sustainable growth of SMEs in India food industry. Res. Conser. Recyc. 2019; 147: 10-18. doi: 
https://doi.org/10.1016/j.resconrec.2019.04.014  

[43] Islam MS, Hoque MA. Status of banana production in Bangladesh. Adv. Ban. Plan. R & D Asia. Pac. 2003; 12: 33. 
doi: chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.researchgate.net/profile/Vida-
Grace-Sinohin/publication/322244478_Advancing_banana_and_plantain_RD_in_Asia_and_the_Pacific_-
_Vol_12_Proceedings_of_the_2nd_BAPNET_Steering_Committee_meeting_held_in_Jakarta_Indonesia_6-
9_October_2003_AB_Molina_VN_Roa_I_Van_den_Bergh_M/links/5a4de3df0f7e9b8284c59b49/Advancing-
banana-and-plantain-R-D-in-Asia-and-the-Pacific-Vol-12-Proceedings-of-the-2nd-BAPNET-Steering-
Committee-meeting-held-in-Jakarta-Indonesia-6-9-October-2003-AB-Molina-VN-Roa-I-Van-den-Be.pdf  

[44] Islam S, Islam S, Hasan M. Natural fiber reinforced polymer composites as sustainable green composites. 2022; 
987-996. doi: 
https://www.researchgate.net/publication/358660918_Natural_Fiber_Reinforced_Polymer_Composites_as_Su
stainable_Green_Composites  

[45] Rao BL, Makode Y, Tiwari A, Dubey O, Sharma S, Mishra V. Review on properties of banana fiber reinforced 
polymer composites. Mat. Tod. Pro. 2021; 47: 2825-2829. doi: https://doi.org/10.1016/j.matpr.2021.03.558  

[46] Alam MA, Sapuan SM, Ya HH, Hussain PB, Azeem M, Ilyas RA. Application of biocomposites in automotive 
components: A review. Biocom. Syn Com Auto App. 2021; 1-17. doi: https://doi.org/10.1016/B978-0-12-
820559-4.00001-8  

[47] Prabhakar CG, Babu KA, Kataraki PS, Reddy S. A review on natural fibers and mechanical properties of banyan 
and banana fibers composites. Mat. Tod. Proc. 2022; 54, 348-358. doi: 
https://doi.org/10.1016/j.matpr.2021.09.300 

[48] Srivastava V, Singh S, Das D. Biodegradable fibre-based composites as alternative materials for sustainable 
packaging design. In Sustainable Design and Manufacturing: Proc. 8th Int. Conf. Sust. Des. Man. (KES-SDM 
2021) (pp. 87-98). Springer Singapore. 2022. doi: https://link.springer.com/chapter/10.1007/978-981-16-
6128-0_9  

[49] Senthilkumar K, Siva I, Rajini N, Jappes JW, Siengchin S. Mechanical characteristics of tri-layer eco-friendly 
polymer composites for interior parts of aerospace application. In Sust. Com. Aero. App. (pp. 35-53). Woodhead 
Publishing. 2018. doi: https://doi.org/10.1016/B978-0-08-102131-6.00003-7  

[50] Shah DU, Nag RK, Clifford MJ. Why do we observe significant differences between measured and ‘back-
calculated’properties of natural fibres?. Cell. 2016; 23(3): 1481-1490. doi: https://doi.org/10.1007/s10570-
016-0926-x  

[51] Carus M, Dammer L. The circular bioeconomy—concepts, opportunities, and limitations. Indus. Biotech. 2018; 
14(2): 83-91. doi: https://doi.org/10.1089/ind.2018.29121.mca  

[52] Karimah A, Ridho MR, Munawar SS, Adi DS, Damayanti R, Subiyanto B, Fudholi A. A review on natural fibers for 
development of eco-friendly bio-composite: Characteristics, and utilizations. J. Mat. Res. Tech. 2021; 13: 2442-
2458. doi: https://doi.org/10.1016/j.jmrt.2021.06.014 

[53] Aurore G, Parfait B, Fahrasmane L. Bananas, raw materials for making processed food products. Tre. Food Sci. 
Tech. 2009; 20(2): 78-91. doi: https://doi.org/10.1016/j.tifs.2008.10.003  

https://doi.org/10.1016/j.resconrec.2019.04.014
https://www.researchgate.net/publication/358660918_Natural_Fiber_Reinforced_Polymer_Composites_as_Sustainable_Green_Composites
https://www.researchgate.net/publication/358660918_Natural_Fiber_Reinforced_Polymer_Composites_as_Sustainable_Green_Composites
https://doi.org/10.1016/j.matpr.2021.03.558
https://doi.org/10.1016/B978-0-12-820559-4.00001-8
https://doi.org/10.1016/B978-0-12-820559-4.00001-8
https://doi.org/10.1016/j.matpr.2021.09.300
https://link.springer.com/chapter/10.1007/978-981-16-6128-0_9
https://link.springer.com/chapter/10.1007/978-981-16-6128-0_9
https://doi.org/10.1016/B978-0-08-102131-6.00003-7
https://doi.org/10.1007/s10570-016-0926-x
https://doi.org/10.1007/s10570-016-0926-x
https://doi.org/10.1089/ind.2018.29121.mca
https://doi.org/10.1016/j.jmrt.2021.06.014
https://doi.org/10.1016/j.tifs.2008.10.003

