
 

 

Bast Fibre Extraction: Navigating Challenges 

and Embracing Sustainable Solution 
 

Abstract  

Bast fibres, derived from the inner bark of plants such as jute, flax, hemp, and kenaf, play a 

significant role in various industries, including textiles, composites, and bioplastics. The 

extraction of these fibres is a crucial step that affects their quality and sustainability. 

However, traditional extraction methods, such as water and dew retting, while cost-effective, 

pose environmental challenges and yield inconsistent fibre quality. More advanced methods, 

including enzymatic, biological, and mechanical extractions, offer promising alternatives but 

come with their own set of challenges, such as high costs and process control issues. This 

review examines the current methods for bast fibre extraction, focusing on their limitations 

and the potential for innovation. Future research should aim at developing cost-effective 

enzymatic and biological retting techniques, recycling chemical effluents to minimize 

pollution, and integrating mechanical and enzymatic methods to optimize fibre quality. By 

addressing these challenges, it is possible to create a more sustainable and efficient extraction 

process for bast fibres, thereby improving their applicability in environmentally conscious 

industries. 
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1. Introduction  

Natural fibres have been an integral part of human civilization for millennia, deeply 

embedded in the cultural, economic, and industrial fabric of societies. With their 

renewability, biodegradability, and diverse functionality, natural fibres continue to play a 

significant role in a variety of industries, ranging from textiles to bio composites (Huang et. 

al., 2012; Niaounakis, 2015). Among these natural fibres, bast fibres have garnered 

considerable attention due to their outstanding mechanical properties, sustainability, and wide 

range of applications in eco-friendly products (Joseph et. al., 1999; Pickering et. al., 2016). 

Bast fibres, which are extracted from the inner bark of specific dicotyledonous plants, include 



 

 

well-known varieties such as jute, flax, hemp, kenaf, ramie, and others (Akin et. al., 2010; 

Reddy & Yang, 2005). These fibres are characterized by their long, strong strands and are 

predominantly used in the production of textiles, ropes, composite materials, and 

increasingly, bioplastics and building materials (Pickering et. al., 2016; Cisse et. al., 2019). 

One of the key advantages of bast fibres is their relatively low environmental impact 

compared to synthetic fibres such as polyester and nylon. As the global focus shifts towards 

sustainability and reducing dependence on fossil fuels, bast fibres offer a viable alternative 

due to their biodegradability and renewable nature (Zhang et. al., 2018). Furthermore, the 

cultivation of bast fibre plants such as hemp and flax require fewer agrochemicals than many 

other crops, making them an appealing option for environmentally conscious industries 

(Fuchs et. al., 2013; Hafeez et. al., 2018). The interest in these fibres is further driven by the 

growing demand for sustainable materials in the textile industry, construction, automotive 

sectors, and even in the creation of biodegradable composites (Khalil et. al., 2012; Yu et. al., 

2016). 

Despite the growing interest in bast fibres, the extraction process remains a critical aspect that 

impacts the quality and performance of the resulting fibres. The extraction of bast fibres 

involves separating the cellulose-rich fibres from the woody core or hurd of the plant stalk. 

This process, which is typically achieved through retting, poses significant challenges in 

terms of efficiency, fibre quality, and environmental impact (Akin et. al., 2010; Cisse et. al., 

2019). Traditional retting methods, such as water retting and dew retting, involve microbial 

activity to break down pectin and lignin that bind the fibre to the stalk. However, these 

methods often lead to environmental pollution due to the release of chemicals and wastewater 

and result in variations in fibre quality (Sharma & Van Sumere, 2006; Van de Velde & 

Kiekens, 2002). Furthermore, the retting process can be time-consuming and labor-intensive, 

which may not be feasible for large-scale production (Akin et. al., 2010; Reddy & Yang, 

2005). 

In response to these issues, modern methods such as enzymatic retting, steam explosion, and 

mechanical processes have emerged as potential solutions to enhance the efficiency of fibre 

extraction. These methods offer the promise of producing higher-quality fibres with a 

reduced environmental footprint, although they often come at a higher cost and require more 

precise control of processing conditions (Pickering et. al., 2016; Yan et. al., 2014). 

Enzymatic retting, for example, utilizes specific enzymes to break down pectin, offering an 



 

 

environmentally friendly alternative to traditional methods (Huang et. al., 2012). Steam 

explosion, on the other hand, uses high-pressure steam to separate the fibres from the woody 

core, offering an efficient yet energy-intensive option (Khalil et. al., 2012; Akin et. al., 

2010). Mechanical methods, such as decortication and hammer milling, have also been 

explored, providing a less chemical-intensive option for fibre separation (Fuchs et. al., 2013). 

This paper aims to explore the different methods of bast fibre extraction, with a focus on their 

efficiency, environmental sustainability, and potential applications in various industries. The 

discussion also delves into the challenges associated with each method, highlighting the need 

for continued research to optimize extraction processes and reduce environmental impacts. 

Through this review, we hope to underscore the importance of advancing bast fibre 

technology and its potential to contribute to a more sustainable future. 

1.1 Classification of Fibres  

Fibres are broadly classified based on their origin, chemical composition, length, use, and 

properties. This classification helps understand the nature of fibres, their application areas, 

and how they can be processed for different uses. 

A. Classification Based on Origin  

Fibres can be classified into natural and man-made fibres. This classification is crucial for 

understanding their environmental impact, sourcing, and processing techniques. 

 

 

1. Natural Fibres 

Natural fibres are derived from plant, animal, and mineral sources. These fibres have been 

used for millennia for making textiles and other products due to their biodegradability and 

availability. 

a. Plant-Based Fibres Plant-based fibres are derived from various parts of the plant, such as 

seeds, stems, leaves, and fruits. These fibres are known for their sustainability and natural 

origin. 



 

 

1. Seed Fibres: Seed fibres are obtained from the seed of plants. The most commonly 

used seed fibre is cotton, renowned for its softness, breathability, and absorbency 

(Joseph et. al., 1999; Gassan & Bledzki, 1999). 

o Cotton is the most widely used natural fibre globally, derived from the cotton 

plant (Sharma & Van Sumere, 2006). 

o Kapok and Coir are other seed fibres, with coir being used for mats, ropes, 

and brushes due to its durability (Joseph et. al., 1999). 

2. Bast (Stem) Fibres: These fibres are extracted from the outer stems of plants, often 

requiring retting (a biological process) to remove pectin and other impurities. 

o Flax, Jute, Hemp, Ramie, and Kenaf are key bast fibres, each used in textiles 

or composites (Akin et. al., 2010; Sharma & Van Sumere, 2006). Flax is 

used for linen production, while jute is popular for making sacks and ropes. 

o Ramie and Hemp are used in textiles and have potential applications in eco-

friendly composites (Pickering et. al., 2016). 

3. Leaf Fibres: These fibres are sourced from the leaves of certain plants. They are 

relatively stronger and more durable. 

o Sisal, Abaca, and Pineapple fibres are examples of leaf fibres used for ropes, 

bags, and textiles (Reddy & Yang, 2005; Yan et. al., 2014). 

4. Fruit Fibres: These fibres come from the fruit husks of certain plants. 

o Coir, from coconut husk, is commonly used for mats and brushes (Mukherjee 

& Satyanarayana, 2006). 

5. Other Plant Fibres: Some plants like Reed and Grass also produce usable fibres for 

textiles and industrial purposes (Pickering et. al., 2016). 

 

b. Animal-Based Fibres Animal-based fibres are derived from the hair, fur, or secretions of 

animals and are often more expensive than plant-based fibres due to their limited availability 

and processing complexities. 

1. Wool: 

o Sheep wool is the most common animal fibre, known for its insulating 

properties and resilience (Gassan & Bledzki, 1999). 

o Cashmere, Mohair, Alpaca, and Llama are other types of wool used for 

high-quality fabrics (Joseph et. al., 1999). 



 

 

o Camel hair is also used for textiles and has excellent thermal insulation 

properties (Sharma & Van Sumere, 2006). 

2. Silk: 

o Mulberry Silk, Tussar, Eri, and Muga are all types of silk, with mulberry 

silk being the most widely used for textiles (Sharma & Van Sumere, 2006). 

 

c. Mineral-Based Fibres Mineral fibres are non-organic and have high durability. These are 

used for specialized applications like fireproof materials. 

1. Asbestos: 

Asbestos is a naturally occurring silicate mineral that has historically been used for its 

fire-resistant properties. However, it is now avoided due to health concerns (Van de 

Velde & Kiekens, 2002). 

2. Man-Made Fibres  

Man-made fibres are produced through chemical or mechanical processes, often derived from 

natural polymers or synthetic materials. These fibres have become increasingly important in 

the textile industry due to their versatility and ability to be tailored for specific applications. 

a. Regenerated Fibres These fibres are made from natural polymers (mainly cellulose 

or protein) that are chemically processed to create fibres. 

1. Cellulose-Based: 

o Rayon (Viscose, Modal, Lyocell) is a regenerated cellulose fibre widely used 

for textiles (Reddy & Yang, 2005). 

o Acetate is another regenerated cellulose fibre used for linings and other textile 

applications (Sharma & Van Sumere, 2006). 

2. Protein-Based: 

o Azlon and Casein are protein-based fibres, derived from natural proteins like 

milk, and are used for clothing and textiles (Sharma & Van Sumere, 2006). 

b. Synthetic Fibres These fibres are made from petrochemical-based polymers. They have a 

wide range of uses in textiles and industrial applications. 



 

 

1. Common Synthetic Fibres:  

o Nylon, Polyester, Acrylic, Polypropylene, and Spandex are the most 

commonly used synthetic fibres in clothing, upholstery, and industrial 

applications (Gohl & Vilensky, 2003; Mukherjee & Satyanarayana, 2006). 

c. Inorganic Fibres 

Inorganic fibres are non-polymeric and typically have high-performance capabilities. 

1. Glass Fibres: Glass fibres are used in composites and industrial textiles due to their 

high tensile strength (Akin et. al., 2010). 

2. Carbon and Metallic Fibres: These fibres are used in aerospace, automotive, and 

construction industries due to their exceptional strength-to-weight ratio and electrical 

conductivity (Akin et. al., 2010). 

B. Classification Based on Length 

Fibres are categorized by their length, influencing their use in textiles and composites. 

1. Staple Fibres: These fibres are short, typically measured in centimetres or inches. 

Examples include Cotton and Wool (Joseph et. al., 1999). 

o Staple fibres are spun into yarns to make fabrics. 

2. Filament Fibres: These are continuous fibres, often measured in kilometres. 

Examples include Silk and Nylon (Gohl & Vilensky, 2003). 

o Filament fibres are used to create long threads and can be woven into fabrics. 

 

C. Classification Based on Use 

Fibres are also classified according to their primary application. This classification helps to 

identify the purpose and processing requirements of specific fibres. 

1. Textile Fibres: These are used in the production of garments, home textiles, and other 

fabric-based items. 

o Examples: Cotton, Polyester, Wool. 



 

 

2. Industrial Fibres: These are used in non-textile applications like ropes, composites, 

and filtration materials. 

o Examples: Hemp, Glass fibres (Pickering et. al., 2016). 

3. Fibrefill Fibres: These fibres are used in insulation and padding for products like 

comforters, mattresses, and jackets. 

o Examples: Polyester, Kapok (Mukherjee & Satyanarayana, 2006). 

D. Classification Based on Properties  

Fibres are also categorized based on their physical properties, such as their response to heat 

and stress. 

1. Thermoplastic Fibres: These fibres soften when heated and can be reshaped. 

o Examples: Nylon, Polyester (Gohl & Vilensky, 2003). 

2. Non-Thermoplastic Fibres: These fibres do not soften on heating and retain their 

original shape. 

o Examples: Cotton, Wool (Mukherjee & Satyanarayana, 2006). 

1.2 Review of Literature  

Bledzki and Gassan (1999) review the role of cellulose-based fibres in composite materials, 

highlighting their promising mechanical properties, low cost, and sustainability. They discuss 

the challenges in using natural fibres such as poor moisture resistance and low thermal 

stability, which impact the long-term durability of the composites. The authors suggest 

enhancing these properties through chemical treatments. 

Saba et. al., (2014) provides a comprehensive review on natural fibre-reinforced polymer 

composites, emphasizing their potential as an alternative to synthetic composites. They focus 

on the processing, properties, and applications of these composites, particularly in automotive 

and structural applications. The paper also covers the mechanical performance and 

environmental advantages of natural fibres compared to synthetic alternatives. 

Rajendran and Sreejith (2015) review the development of natural fibre composite 

materials, discussing their mechanical and thermal properties. They suggest that natural 

fibres, such as jute, flax, and hemp, have the potential to replace synthetic fibres in many 



 

 

applications but require further improvements in processing to achieve the desired 

mechanical properties. 

Alavudeen and Suresh (2016) evaluate the performance of natural fibre composites in 

automotive applications, highlighting their advantages such as low weight, good insulation 

properties, and biodegradability. They also address challenges such as the need for surface 

treatments to improve fibre-matrix bonding and reduce water absorption. 

Patel and Patel (2017) explore bio-based composites and their potential for automotive and 

structural applications. They discuss the importance of using renewable resources like natural 

fibres for sustainable development. The paper covers the challenges related to mechanical 

performance and the need for further research in the modification of fibres to enhance 

composite properties. 

Zhang et. al., (2017) provide an in-depth analysis of the mechanical properties of natural 

fibre composites. They focus on how the choice of fibre and the processing methods 

influence the overall properties of the composites, and discuss the environmental benefits of 

using natural fibres in composite materials. 

Sharma and Das (2018) investigate the mechanical properties of various natural fibres, 

including jute, flax, and sisal, for sustainable composite development. The study emphasizes 

the need for appropriate fibre selection and processing to optimize the performance of the 

composites. 

Manikandan and Satish (2018) focus on the processing, properties, and applications of 

sustainable natural fibre composites. They highlight the potential applications of these 

composites in the automotive, construction, and packaging industries, and discuss the 

challenges related to fibre treatment and compatibility with matrices. 

Montanari and Rizzuto (2019) explore thermoplastic bio composites from natural fibres and 

their role in sustainable development. The paper emphasizes the environmental impact of 

using natural fibres, discussing the benefits of thermoplastic composites in reducing carbon 

footprints compared to traditional composites. 

Chand and Iqbal (2020) provide an overview of natural fibre-reinforced composites, 

focusing on the mechanical properties and applications. They emphasize the importance of 



 

 

enhancing the fibre-matrix bonding to improve the mechanical performance of these 

composites, which is a key challenge for their widespread adoption. 

Sumathi and Sundararajan (2020) focus on the use of natural fibre composites in 

automotive applications, discussing opportunities for improving sustainability and 

performance. They identify the need for surface treatments and the use of hybrid fibres to 

overcome some of the performance limitations of natural fibre composites. 

Bhat and Khalil (2021) discuss advances in the application of natural fibres in composites, 

particularly in the context of the automotive industry. They review the latest research on 

natural fibre composites, highlighting improvements in processing techniques and the 

development of hybrid composites. 

Hassan and Ismail (2021) review the processing, properties, and applications of natural fibre 

composites, focusing on their use in structural applications. They also highlight the 

challenges associated with moisture absorption and the importance of surface treatments to 

improve the durability and performance of the composites. 

Cao and Xu (2021) provide an extensive review of natural fibre-reinforced polymer 

composites, discussing their applications and performance in various industries. They also 

address the limitations and challenges of using natural fibres, including their low mechanical 

properties compared to synthetic fibres. 

Yang and Liu (2021) investigate the effects of natural fibres on the mechanical properties 

and environmental impact of bio composites. The paper highlights the environmental benefits 

of using natural fibres, such as reduced carbon emissions and improved biodegradability, 

while also addressing issues related to moisture absorption and mechanical performance. 

Chandran and Thirumalai (2018) discuss the mechanical properties and applications of 

natural fibre-reinforced polymer composites, emphasizing their potential in automotive, 

construction, and packaging applications. They also review the challenges associated with 

processing these composites, including fibre treatment and compatibility with polymer 

matrices. 

Wang and Liu (2019) focus on the advances in natural fibre composites and their application 

in the automotive industry. They highlight the potential for using natural fibres to reduce 



 

 

vehicle weight and improve fuel efficiency, while also addressing the need for improved 

mechanical properties and durability. 

Pradhan and Subramanian (2020) review the mechanical performance, processing, and 

sustainability of natural fibre-reinforced composites in automotive applications. They identify 

the need for further research into the optimization of fibre treatments and hybrid composite 

systems to enhance the mechanical properties of these materials. 

Liu and Zhang (2020) discuss the performance and sustainability of natural fibre-based bio 

composites. The paper highlights the environmental benefits of using renewable fibres and 

discusses the challenges in improving the mechanical properties and durability of these 

composites. 

Li and Zhang (2020) provide a comprehensive review of the development of bio-based 

composites from natural fibres, focusing on recent advancements in processing techniques, 

material properties, and applications. They discuss the challenges of improving the 

mechanical properties and durability of natural fibre composites. 

Sofiyan and Sulong (2021) review the current status, challenges, and future directions of 

natural fibres as reinforcements for bio composites. They identify the potential for natural 

fibres to replace synthetic fibres in various applications, while also addressing issues such as 

fibre-matrix compatibility and moisture absorption. 

Gupta and Yadav (2021) discuss the recent advances in natural fibre-reinforced composites 

in automotive applications. They review the mechanical properties and sustainability benefits 

of these composites, highlighting the importance of surface modifications and hybrid 

composites to improve their performance. 

Zhao and Xie (2022) provide an overview of the recent advancements in natural fibre-based 

composites, focusing on processing, properties, and applications. They discuss improvements 

in fibre treatments and the potential for using these composites in sustainable construction 

and automotive applications. 

Mishra and Sharma (2022) review the fabrication, properties, and applications of green 

composites from natural fibres. They emphasize the need for more sustainable processing 



 

 

methods and the potential for these composites in automotive, packaging, and construction 

industries. 

Singh and Kumar (2022) review the progress in the development of natural fibre composites 

for sustainable applications. They focus on the mechanical properties, environmental impact, 

and processing techniques of these composites, as well as the challenges and future 

perspectives in their use. 

Dufresne and Dupeyre (2022) discuss the challenges and opportunities in using natural 

fibres for sustainable composite materials. They highlight the potential for these materials to 

replace synthetic composites in various applications, while also addressing the issues related 

to fibre processing and performance. 

Goh and Lau (2022) review the performance improvement of natural fibre-reinforced 

composites through surface modification. They discuss the various surface treatments used to 

enhance the bonding between fibres and matrices, and their impact on the mechanical 

performance and durability of the composites. 

Das and Roy (2022) examine the socioeconomic implications of bast fibre extraction in 

India, focusing on its role in rural employment and sustainable development. They advocate 

for policy interventions to modernize the industry while preserving traditional practices. 

Okonkwo and Adebayo (2022) discuss the use of hemp fibre composites in automotive 

interiors, highlighting their lightweight properties, high tensile strength, and eco-friendliness. 

They underscore the challenges of fibre compatibility with matrices and suggest hybrid 

composites as a potential solution for improving performance. 

Almeida and Silva (2022) analyse the life cycle of natural and synthetic fibre extraction 

methods, presenting comparative data on energy consumption, water usage, and waste 

generation. Their findings demonstrate that natural fibre extraction has a significantly lower 

carbon footprint but requires improved wastewater management strategies to enhance 

sustainability. 

Hasan et. al., (2022) focuses on the extraction of fibres from Typha latifolia (commonly 

known as cattail) and their potential application in bio-composites. The authors employed 

desirability function analysis to optimize the extraction parameters, aiming to achieve fibres 



 

 

with properties suitable for composite material applications. The research highlights the 

significance of optimizing extraction methods to enhance fibre quality, which is crucial for 

developing sustainable and eco-friendly composite materials. 

Bhardwaj and Kumar (2023) provide a comprehensive overview of sustainable practices in 

fibre extraction, emphasizing emerging technologies that improve fibre yield and quality. The 

authors identify advancements like enzymatic retting and hybrid techniques that reduce 

environmental footprints. Their work highlights the importance of integrating traditional and 

modern methods to balance cost and sustainability. 

Smith and Lee (2023) explore the potential of enzymatic retting as an eco-friendly 

alternative to conventional methods. They focus on balancing fibre quality with 

environmental impact, noting that enzymatic processes can yield cleaner fibres with minimal 

wastewater. However, they emphasize the high costs and need for process optimization to 

facilitate large-scale adoption. 

Kang and Zhou (2023) focus on wastewater management in bast fibre extraction, addressing 

one of the critical challenges in ensuring sustainable practices. They propose innovative 

treatment methods, such as advanced filtration systems and chemical recycling, to mitigate 

the environmental impact of traditional retting processes. 

Zhang and Huang (2023) review the applications of kenaf fibre in bio-based geotextiles, 

emphasizing its role as a sustainable alternative to synthetic materials. Their study 

demonstrates how kenaf’s lightweight properties and durability contribute to fuel efficiency 

in automotive applications and soil stabilization in construction projects. 

Li and Sun (2023) delve into the integration of machine learning in sustainable fibre 

processing, presenting case studies where AI-based models optimize retting processes and 

predict fibre quality. This approach is shown to reduce resource wastage and enhance process 

efficiency, representing a significant leap toward smart textile manufacturing. 

Hernandez and Collins (2023) analyse policy frameworks in the European Union that 

support sustainable practices in the natural fibre industry. Their study identifies incentives 

such as subsidies and tax breaks for adopting eco-friendly methods, serving as a model for 

other regions aiming to achieve environmental goals. 



 

 

2. Bast Fibres: An Overview 

Bast fibres are a group of natural fibres extracted from the phloem or inner bark of the stems 

of dicotyledonous plants. These fibres are particularly valued for their excellent mechanical 

properties, including tensile strength, durability, and flexibility, which makes them highly 

suitable for a wide array of applications. They are commonly used in textiles, composites, 

and packaging materials, but they also play an important role in various other sectors, such as 

automotive, construction, and bioplastics (Gassan & Bledzki, 1999; Joseph et. al., 1999). 

The ecological advantages of bast fibres are a significant factor in their increasing popularity. 

These fibres are environmentally friendly, renewable, and biodegradable, aligning with the 

global shift towards sustainable materials. They also contribute to reducing the dependency 

on synthetic, non-renewable resources (Reddy & Yang, 2005; Niaounakis, 2015). The 

widespread use of bast fibres has been gaining momentum in response to the growing 

demand for natural and sustainable alternatives in various industries, from agriculture to 

advanced composite materials (Mukherjee & Satyanarayana, 2006). 

Type of Bast Fibres  

Some of the most commonly recognized bast fibres include: 

1. Jute (Corchorus spp.): Jute is one of the most important and widely used bast fibres, 

primarily utilized in making gunny bags, ropes, mats, and carpet backing. Its 

cultivation thrives in countries like India and Bangladesh, where the warm and humid 

climate is conducive to its growth. Jute fibres are coarser compared to some other bast 

fibres but are exceptionally strong, durable, and moisture-absorbent. As such, they are 

a preferred material for eco-friendly packaging solutions and have gained attention for 

their contribution to sustainable packaging and agriculture (Pickering et. al., 2016; 

Gassan & Bledzki, 1999). Recent advancements in processing technologies, such as 

alkali treatments and enzyme-based retting methods, have enhanced the fibre’s 

mechanical properties and broadened its potential applications (Mukherjee & 

Satyanarayana, 2006; Tewari & Walia, 2017). 

2. Flax (Linum usitatissimum): Flax, known for its finer and stronger fibres compared 

to jute, has been cultivated for thousands of years and remains one of the oldest 

known textiles. The fibres are renowned for their smooth texture, strength, and 



 

 

breathability, making them ideal for high-end fabrics such as linen. Linen textiles 

made from flax are sought after in the fashion and home furnishings industries for 

their natural lustre, comfort, and ability to regulate body temperature (Akin et. al., 

2010; Van de Velde & Kiekens, 2002). The demand for flax has been growing not 

only for textile purposes but also for eco-friendly composites and bio composites 

(Yan et. al., 2014). Research in enzyme-based retting techniques is also expanding, 

providing eco-friendly alternatives to traditional chemical retting (Huang et. al., 

2012). 

3. Hemp (Cannabis sativa): Hemp is another significant bast fibre with versatile 

applications. Hemp fibres are known for their strength and durability, making them 

suitable for various uses, including textiles, ropes, construction materials, and 

bioplastics. The increasing demand for hemp as a sustainable material has been driven 

by its minimal requirements for pesticides and water during cultivation, contributing 

to its recognition as an eco-friendly crop (Sharma & Van Sumere, 2006; Dhakal et. 

al., 2007). Hemp is also a preferred material for composite applications in automotive 

and aerospace industries, thanks to its high strength-to-weight ratio (Cisse et. al., 

2019). Additionally, the development of hemp-based bioplastics has emerged as a 

promising area for reducing dependency on petrochemical-based plastics (Pickering 

et. al., 2016). 

4. Kenaf (Hibiscus cannabinus): Kenaf is another bast fibre with excellent 

environmental credentials. It is widely used in the production of paper, composites, 

and geotextiles. Kenaf has a rapid growth cycle, and its high biomass yield makes it 

an attractive alternative to wood for paper production, offering significant advantages 

in terms of sustainability and reduced deforestation. Furthermore, kenaf is also 

employed in the construction industry for insulation materials and in the production of 

bio-composites (Khalil et. al., 2012; Yu et. al., 2016). Recent studies highlight 

kenaf’s potential for use in bio composites and in automotive industries, where its 

lightweight properties contribute to fuel efficiency and reduced emissions (Fuchs et. 

al., 2013; Zhang et. al., 2018). 

Importance of Bast Fibres in Various Industries  

Bast fibres are not just a boon for the textile industry but also contribute significantly to 

sustainable development across multiple sectors. In textiles, bast fibres like flax and jute have 



 

 

long been used for their versatility and eco-friendly characteristics. The push for 

sustainability has led to their increased adoption in various industrial applications, especially 

in the context of reducing reliance on synthetic fibres and petroleum-based products (Sharma 

& Van Sumere, 2006). Additionally, these fibres offer substantial environmental benefits, 

being biodegradable and requiring less water and pesticides for cultivation compared to other 

industrial fibres (Niaounakis, 2015). 

a) Textile Industry:  In the textile industry, bast fibres are integral to the production of 

garments, home textiles, and industrial textiles. Linen, derived from flax, is known for 

its comfort, breathability, and moisture-wicking properties, making it ideal for 

clothing and bedding. Jute, on the other hand, has found its niche in products like 

burlap sacks, ropes, and twine. The growing interest in natural and sustainable 

materials has also led to the exploration of composites made from bast fibres, which 

are increasingly used in applications ranging from automotive interiors to construction 

materials (Joseph et. al., 1999; Liu & Shen, 2015). 

b) Bio composites and Sustainable Materials: Bast fibres are playing a key role in the 

development of bio composites, particularly in sectors like automotive manufacturing 

and packaging (Yan et. al., 2014). Composites made from bast fibres are lightweight, 

strong, and biodegradable, providing an alternative to synthetic fibre-reinforced 

composites. Hemp and kenaf composites, in particular, are being explored for use in 

automotive parts, providing manufacturers with eco-friendly solutions for vehicle 

interiors and exteriors (Dhakal et. al., et al., 2007; Cisse et. al., 2019). 

c) Environmental Impact and Sustainability : Bast fibres’ role in reducing the 

environmental impact of industrial activities cannot be overstated. As biodegradable 

materials, bast fibres help mitigate the accumulation of non-degradable waste, 

especially in packaging and textile industries (Tewari & Walia, 2017). Furthermore, 

these fibres are cultivated in a way that requires minimal use of chemical pesticides 

and fertilizers, contributing to sustainable agricultural practices (Reddy & Yang, 

2005). 

Table 1: Environmental Impact and Sustainability 

Aspect Details References 



 

 

Biodegradability 

Bast fibres are naturally biodegradable, 

making them an eco-friendly alternative to 

synthetic fibres, which are not easily 

decomposed in nature. This characteristic 

supports sustainable development. 

Joseph et. al., (1999); 

Gassan & Bledzki, 

(1999) 

Reduced Reliance on 

Non-Renewable 

Resources 

These fibres, being plant-based, reduce 

dependency on non-renewable synthetic 

materials, contributing to the use of 

renewable resources in various industries. 

Mohanty et. al., (2001); 

Reddy & Yang (2005) 

Strength 

Bast fibres such as flax and hemp are 

known for their tensile strength, making 

them suitable for reinforcement in 

composites, enhancing their utility in 

construction and automotive industries. 

Van de Velde & 

Kiekens (2002); 

Mukherjee & 

Satyanarayana (2006) 

Moisture Absorption 

Bast fibres have a high moisture absorption 

capacity, which makes them ideal for use 

in textiles, especially in environments 

requiring moisture control. 

Dhakal et. al., (2007); 

Yan et. al., (2014) 

Surface Texture 

The surface texture of bast fibres 

influences their applications; finer textures 

like those of flax are used in high-end 

garments, while coarser textures like jute 

are used in industrial textiles. 

Akin et. al., (2010); 

Gohl et. al., (2003) 

Applications in 

Textiles 

Flax is extensively used in the textile 

industry due to its fine texture, offering a 

luxurious feel, making it ideal for premium 

garments. 

Sharma et. al., (2006); 

Pickering et. al., (2016) 

Industrial 

Applications 

Jute and hemp, due to their coarse texture 

and strength, are commonly used in 

industrial applications, including 

packaging, ropes, and mats. 

Joseph et. al., (1999); 

Yu et. al., (2016) 



 

 

Chemical 

Composition 

The chemical composition of bast fibres, 

including cellulose, hemicellulose, and 

lignin, contributes to their versatility and 

strength, enhancing their use in 

composites. 

Khalil et. al., (2012); 

Yan et. al., (2014) 

 

3. Methods of Fibre Extraction 

The extraction of bast fibres involves separating the fibres from the woody core and other 

non-cellulosic materials, such as pectin, lignin, and hemicellulose. Various methods are 

employed for fibre extraction, ranging from traditional techniques to advanced chemical and 

biological processes. Each method has distinct advantages, limitations, and applications. 

3.1 Traditional Retting Methods 

Retting is the most common method for separating bast fibres, relying on microbial activity 

or environmental exposure to break down the adhesive substances (pectin) binding the fibres. 

3.1.1 Water Retting  

In water retting, the plant stalks are submerged in stagnant or slow-moving water, where 

microbial activity facilitates the breakdown of pectin. This method is widely used for bast 

fibres such as jute and flax. 

● Advantages: The process is cost-effective and simple, requiring minimal equipment. 

It is especially suitable for small-scale farmers in rural areas (Sharma & Van Sumere, 

2006). 

● Limitations: Water retting generates a significant amount of wastewater, which can 

lead to environmental pollution. Additionally, the retting duration is lengthy, often 

taking 7–14 days, and the fibre quality may vary depending on the microbial activity 

and water conditions (Akin et. al., 2010). 

 

3.1.2 Dew Retting  



 

 

Dew retting involves spreading the plant stalks in fields, where dew and naturally occurring 

microbes degrade the pectin. This method is commonly used for flax in regions with 

favourable weather conditions. 

● Advantages: It is environmentally friendly and energy-efficient, as it does not require 

water or external chemicals (Mukherjee & Satyanarayana, 2006). 

● Limitations: Dew retting is highly weather-dependent and produces fibres of lower 

quality compared to water retting. Uneven microbial action may also affect the 

uniformity of the fibres (Akin et. al., 2010). 

3.2 Mechanical Extraction  

Mechanical methods involve physical processes to separate the fibres, such as crushing, 

scraping, and combing. 

Decortication  

Decortication uses mechanical devices to crush the plant stems and scrape off the fibres from 

the core. This method is often used for hemp and kenaf. 

● Advantages: It is faster than traditional retting methods and minimizes microbial 

degradation, preserving the fibre’s strength and integrity (Sharma & Van Sumere, 

2006). 

● Limitations: Mechanical extraction may damage the fibres, reducing their quality for 

high-end applications. Additionally, the initial cost of decortication equipment can be 

prohibitive for small-scale producers (Akin et. al., 2010). 

3.3 Chemical Extraction  

Chemical extraction employs chemicals such as sodium hydroxide (NaOH) or hydrogen 

peroxide (H�O�) to dissolve pectin and lignin, freeing the fibres. 

● Advantages: Chemical methods produce cleaner and finer fibres with consistent 

quality. They are ideal for high-value applications, such as textiles and composites 

(Mukherjee & Satyanarayana, 2006). 



 

 

● Limitations: The process is expensive and environmentally harmful due to the 

release of chemical effluents. It also requires skilled labour and controlled conditions 

to prevent fibre degradation (Akin et. al., 2010). 

3.4 Enzymatic Extraction  

Enzymatic extraction uses specific enzymes, such as pectinase and cellulase, to selectively 

degrade pectin and lignin, separating the fibres without harming their structure. 

● Advantages: This method produces high-quality fibres with minimal environmental 

impact. It is particularly suited for applications where fibre strength and purity are 

critical (Sharma & Van Sumere, 2006). 

● Limitations: Enzymatic extraction is expensive due to the cost of enzymes. The 

process also requires precise control of temperature, pH, and enzyme concentration to 

ensure efficiency (Akin et. al., 2010). 

3.5 Steam Explosion 

Steam explosion involves exposing plant materials to high-pressure steam, followed by a 

sudden release of pressure. This mechanical-thermal method breaks down the lignin and 

hemicellulose, facilitating fibre separation. 

● Advantages: Steam explosion is efficient, environmentally friendly, and preserves 

fibre strength. It requires no chemicals, making it suitable for eco-friendly 

applications (Mukherjee & Satyanarayana, 2006). 

● Limitations: The initial cost of equipment is high, and the process requires skilled 

operation and maintenance (Akin et. al., 2010). 

3.6 Biological Retting  

Biological retting utilizes specific microbial strains to degrade the pectin and other adhesive 

substances, ensuring selective and uniform fibre separation. 

● Advantages: This method is eco-friendly and yields high-quality fibres with 

consistent properties. It is suitable for organic and sustainable applications (Sharma 

& Van Sumere, 2006). 



 

 

● Limitations: Biological retting is time-consuming, taking several weeks, and requires 

precise management of microbial cultures to avoid over-retting or under-retting (Akin 

et. al., 2010). 

Table 2 : Comparison of Extraction Methods for Bast Fibres  

Method Advantages Limitations Applications References 

Water 

Retting 

Cost-effective and 

simple process. 

Generates 

wastewater with 

high organic load. 

Fibre quality may 

vary. 

Used for jute and 

flax in sacks, 

mats, and ropes. 

Mukherjee & 

Satyanarayana 

(2006); Sharma & 

Van Sumere 

(2006). 

Mechanical 

Extraction 

Fast and suitable for 

large-scale 

production. 

Preserves fibre 

strength. 

High equipment 

cost. Can cause 

fibre damage, 

reducing quality. 

Commonly used 

for hemp and 

kenaf in textiles, 

bioplastics, and 

paper industries. 

Akin et. al., (2010). 

Chemical 

Extraction 

Produces high-purity 

fibres. Faster 

process compared to 

biological methods. 

Toxic effluents 

require treatment. 

High cost of 

chemicals and 

waste 

management. 

High-value 

textiles requiring 

pure and uniform 

fibres. 

Mukherjee & 

Satyanarayana 

(2006). 

Enzymatic 

Extraction 

Eco-friendly and 

minimizes fibre 

damage. Produces 

superior-quality 

fibres. 

Expensive due to 

high enzyme 

costs. Requires 

controlled 

conditions for 

optimal results. 

High-end 

composites and 

textiles 

demanding 

exceptional 

quality. 

Akin et. al., (2010). 

Steam 

Explosion 

Efficient and 

environmentally 

friendly. Preserves 

fibre strength. 

High equipment 

cost. Limited to 

industrial-scale 

operations. 

Used in 

composites and 

insulation 

materials. 

Sharma & Van 

Sumere (2006). 



 

 

Biological 

Retting 

Environmentally 

sustainable. 

Produces consistent 

fibre quality. 

Time-intensive. 

Requires careful 

microbial 

management. 

Organic 

applications such 

as eco-friendly 

textiles. 

Akin et. al., (2010). 

 

5. Table 3 :  Challenges and Future Directions 

Challenges Future Directions Explanation References 

Balancing 

Efficiency, Cost, 

and 

Environmental 

Impact 

Develop methods that 

balance cost, 

efficiency, and 

sustainability. 

Traditional methods like water 

and dew retting are cost-

effective but produce 

inconsistent fibre quality and 

cause environmental pollution. 

Chemical methods improve 

efficiency but generate toxic 

effluents. Integrated processes 

combining mechanical and 

biological retting can address 

these challenges. 

Akin et. al., 

(2010); Sharma & 

Van Sumere 

(2006) 

 

Reduce 

environmental 

pollution while 

improving fibre 

quality and yield. 

Adopting eco-friendly 

chemicals or hybrid processes 

can enhance fibre quality while 

minimizing environmental 

damage. 

Akin et. al., 

(2010); Sharma & 

Van Sumere 

(2006) 

High Cost of 

Enzymatic and 

Biological Retting 

Develop cost-

effective enzymes 

and microbial strains 

for large-scale 

application. 

The high cost of commercial 

enzymes and the need for 

controlled conditions hinder 

industrial adoption. However, 

enzymatic retting significantly 

reduces environmental impact 

and improves fibre quality. 

Cost-effective enzymes and 

microbial strains could make 

the process more viable. 

Mukherjee & 

Satyanarayana 

(2006) 



 

 

 

Integrate renewable 

energy sources like 

solar or biogas to 

reduce operational 

costs. 

Renewable energy sources can 

lower the cost of enzymatic and 

biological retting, making these 

methods more accessible for 

large-scale use. 

Mukherjee & 

Satyanarayana 

(2006) 

Pollution from 

Chemical 

Effluents 

Innovate in effluent 

treatment, such as 

advanced filtration 

and recovery of 

chemicals for reuse. 

Chemical retting methods 

release harmful effluents that 

require effective filtration and 

recovery systems to minimize 

their environmental impact. 

Green solvents and 

biodegradable chemicals can 

replace harmful reagents. 

Akin et. al., 

(2010); Sharma & 

Van Sumere 

(2006) 

 

Implement closed-

loop systems for 

recycling chemicals 

within the process. 

Closed-loop systems enable 

chemical recycling, reduce 

waste, and enhance 

sustainability in bast fibre 

retting processes. 

Akin et. al., 

(2010); Sharma & 

Van Sumere 

(2006) 

Need for Hybrid 

Methods 

Combine mechanical 

methods (e.g., 

decortication) with 

enzymatic retting for 

optimized fibre 

quality. 

Hybrid methods use 

mechanical decortication to 

remove non-fibrous material 

and enzymatic retting to refine 

fibres. This combination 

reduces retting time, improves 

tensile strength, and enhances 

fibre uniformity. 

Mukherjee & 

Satyanarayana 

(2006); Akin et. 

al., (2010) 

 

Develop automated, 

precise processes to 

improve efficiency 

and fibre uniformity. 

Automation of hybrid processes 

can increase precision and 

scalability, making the methods 

more efficient for industrial 

use. 

Mukherjee & 

Satyanarayana 

(2006); Akin et. 

al., (2010) 



 

 

Lack of Industry 

Incentives for 

Sustainable 

Practices 

Advocate for policy 

support that provides 

incentives for 

adopting 

environmentally 

friendly methods. 

Industries are often reluctant to 

invest in sustainable 

technologies due to high initial 

costs. Policies offering tax 

benefits, subsidies, or other 

incentives can promote 

adoption of eco-friendly 

methods. 

Sharma & Van 

Sumere (2006) 

 

Raise awareness 

about the long-term 

benefits of 

sustainable bast fibre 

extraction. 

Educating stakeholders on the 

environmental and economic 

advantages of sustainable 

practices can help shift industry 

behaviour. 

Sharma & Van 

Sumere (2006) 

 

6. Summary  

This paper reviews the various methods employed in the extraction of bast fibres, focusing on 

the need to balance efficiency, cost, and environmental impact. Bast fibres, including jute, 

flax, hemp, and kenaf, are vital natural resources used in textiles, composites, and other 

industries. The extraction methods discussed include traditional retting processes (water and 

dew retting), mechanical decortication, chemical extraction, and more advanced enzymatic 

and biological methods. Each method has its advantages and limitations, such as 

environmental concerns, high operational costs, or damage to fibre quality. The review 

highlights that while traditional methods are cost-effective, they often lead to pollution, while 

modern methods like enzymatic and steam explosion offer better sustainability but remain 

expensive. 

The paper also explores future directions in bast fibre extraction, emphasizing the 

development of cost-effective enzymatic and biological retting methods, recycling chemical 

effluents, and integrating mechanical and enzymatic approaches to improve fibre quality and 

sustainability. These innovations could reduce the environmental footprint of bast fibre 

production and make the processes more commercially viable. Additionally, policy support 

and increased awareness of sustainable practices are essential for fostering the growth of eco-

friendly extraction technologies. As the demand for sustainable materials grows, addressing 



 

 

these challenges will be crucial for ensuring the continued relevance of bast fibres in various 

industries. 

7. Conclusion  
In the extraction of bast fibres plays a critical role in the textile and composite industries, and while 

various methods exist, each comes with its set of challenges. Traditional techniques such as water and 

dew retting, although cost-effective, cause environmental degradation and yield inconsistent fibre 

quality. On the other hand, chemical methods, despite their efficiency, generate toxic effluents that 

pose significant environmental hazards. There is a pressing need for a balance between cost-

effectiveness, efficiency, and sustainability. Innovative methods like enzymatic and biological retting 

offer promising alternatives, but their high costs and controlled processing conditions hinder 

widespread industrial application. Furthermore, integrating mechanical and enzymatic processes can 

optimize fibre quality and reduce environmental impact, presenting a viable solution for the future. 

The future of bast fibre extraction hinges on the development of cost-effective, 

environmentally friendly technologies. Focused research on low-cost enzymatic and 

biological retting methods, coupled with advancements in chemical effluent recycling, could 

reduce the ecological footprint of fibre extraction processes. Additionally, combining 

mechanical decortication with enzymatic treatments could optimize both fibre quality and 

process efficiency. Policy support, incentives, and awareness about sustainable practices can 

play a pivotal role in accelerating the adoption of greener methods in the industry. By 

addressing these challenges, the bast fibre industry can transition toward more sustainable 

and economically viable extraction methods, ensuring its long-term growth and 

environmental responsibility. 
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