Biocomposites: A Review of Materials, Properties and Applications for Sustainable Development
Abstract
Composite materials are widely used in daily life in sectors such as automotive, aerospace, construction, and agriculture because of their durability, strength, and lightweight properties, and the composites market is expected to grow substantially in the coming years. However, synthetic composites cause environmental damage and health hazards, creating the need for eco-friendly and sustainable alternatives, among which biocomposites are considered a promising option. Biocomposites are composites in which at least one component, either the matrix or the reinforcement, is made from a renewable material, and they can be formed through combinations of natural fibres with non-biodegradable polymers, synthetic fibres with biopolymers, or natural fibres with biopolymers. Natural fibres, especially vegetable fibres, are widely used as reinforcement because they are renewable, readily available, and have a short growth period, while matrices may be petroleum-based or bio-based and help bind the fibres, transfer load, and protect the composite from damage. Biocomposites have applications in construction, automotive components, packaging, and agriculture, including slow-release fertilizer coatings, green herbicides, mulch films, plant pots, and soil conditioners. They also offer environmental benefits by reducing CO2 emissions and promoting the use of renewable resources, though further research is needed to improve their structural and functional stability and to fully realize their potential as sustainable alternatives to conventional composites. This review paper provides a comprehensive overview of biocomposites, including their composition, properties, and applications across multiple sectors. It further highlights current challenges related to mechanical performance, durability, and large-scale implementation, while identifying key research gaps and future directions for advancing sustainable material development
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Introduction
Composite materials are widely used in our daily life in various sectors like automotive, aerospace, construction, agriculture, etc. due to their durability, strength, and lightweight properties. Composites market grows at a Compound Annual Growth Rate (CAGR) of 8.2 per cent and also is expected to reach USD 150.28 billion by 2028 (Duggal, 2022). The expected outcome from the composites market clearly highlights the relevance of composites in elevating the status of the economy. Even though the composites have a wide range of applications, these materials cause environmental damage and severe health hazards. Most of the raw materials used for manufacturing composites produce carcinogenic substances upon heating. The use of synthetic resins and reinforcement materials such as glass and carbon fibers in the manufacture of composite materials causes lung disorders and skin allergy problems. The addition of additives like meta-phenylenediamine in the manufacture of composites also adversely affects the liver and kidney in human beings. Composite materials create environmental problems by creating large amounts of non-biodegradable waste and these composites take even longer years for chemical degradation (Sands et al., 2001). Apart from this, most of the composite raw materials are petroleum-derived products. Petroleum-based products have become a global concern due to their non-biodegradable and non-biocompatible characteristics. Moreover, the rapid consumption of these resources has led to a significant depletion of petroleum reserves worldwide, raising urgent sustainability and environmental challenges (Raddadi and Fava, 2019). Considering all the negative impacts created by synthetic composites to our ecosystem, there arises a need for finding an eco-friendly and sustainable material to replace the synthetic types. Biocomposites can be considered as the best alternative materials to address these issues to ensure an eco-friendly and sustainable environment. This review aims to provide a comprehensive evaluation of biocomposite materials, focusing on their types, properties, and applications across various industries. Additionally, the study seeks to identify current limitations and research gaps, particularly in terms of structural performance, durability, and scalability, in order to guide future research and development in sustainable material science.
Methodology of Literature Review
The methodology for this review follows a rigorous and structured approach to ensure a detailed coverage of recent literature on composite, biocomposites, history, manufaturing and their applicatication. A through search strategy was done to identify the apporopraite studies from peer reviewd journals, academic databases, conference proceedings and technical reports. Key data base used for thi review included scopus, webo f science, science direct, google scholar. The search terms focused on keywords related to composites, bicomposites, matrices, fibre, application of biocomposites. Articles published in peer reviewd journals or reputed conference proccedings and research exclusivly focused on history, manufaturing and application of biocomposites were used for this review.
1. Biocomposites
Biocomposites are a class of composite materials in which at least one constituent, either the matrix or the reinforcement, is derived from renewable resources. These materials can be produced through three principal combinations: (i) natural fibres, derived from plant or animal sources, combined with non-biodegradable polymers, including duromers such as epoxy and phenolic resins, and plastomers such as polyethylene (PE), polypropylene (PP), polyvinyl chloride (PVC), and polystyrene (PS); (ii) synthetic fibres coupled with biopolymers, which are polymers obtained through the processing of plant-based materials; and (iii) natural fibres combined with biopolymers. Composites produced through the third approach are commonly referred to as green composites, reflecting their reduced environmental impact relative to conventional composites. Due to the utilisation of renewable and often biodegradable constituents, biocomposites offer significant ecological advantages, including lower carbon footprints, enhanced sustainability, and potential for end-of-life recycling or composting (Djordjevic et al., 2016).
2. Components of Biocomposites
Biocomposites are materials made from at least one component that comes from a biological source. For reinforcement, they often use plant fibers like cotton, flax, or hemp, as well as fibers from recycled wood, waste paper, or by-products from food crops. The matrix is usually a polymer, which is ideally made from renewable resources, but it can also be petroleum-based.
2.1.  Natural fibres as composite reinforcement
Natural fibres are bio-based filaments that can be used instead of traditional fibre-reinforcing materials like glass (Patel et al., 2021). They are usually grouped into three vegetable or plant fibres (cellulose), animal fibres (protein), and mineral fibres (Badamasi and Ibrahim, 2017). Among these, vegetable fibres are the most common because they grow quickly, are renewable, and are widely available. These fibres are made up of cellulose, hemicellulose, and lignin, and can be taken from sources like bast, leaves, seeds, fruits, wood, stalks, and grasses or reeds (Cicala et al., 2010).
The typical life cycle of natural fibres includes extraction, processing, fabrication, use, disposal, and recycling. Several factors limit the large-scale production and application of these fibres. These limitations include variations in crop morphology and life cycles, the hydrophilic nature of fibres, and susceptibility to degradation by microorganisms and sunlight. The physical and chemical properties of natural fibres are influenced by plant source, climatic conditions, harvesting time, and the use of genetically modified organisms and fertilizers (Hodzic and Shank, 2014). A primary challenge in utilizing natural fibres is their low compatibility and poor wetting properties with most polymer matrices (García et al., 2015). Fibres exhibiting a higher degree of polymerization, elevated cellulose content, and a lower microfibrillar angle demonstrate enhanced tensile modulus and strength, rendering them particularly suitable for the fabrication of sustainable green biocomposites (Gurunathan et al., 2015).
2.1.1 Bast Fibres
Bast fibres are obtained from the outer cell layers of plant branches (Patel et al., 2021). Common examples are jute, flax, hemp, banana, soybean, kenaf, and bamboo. These fibres are usually extracted through retting, which uses biological or chemical methods to break down plant stems. Bast fibres are known for their length and strength, and they have traditionally been used to make items such as bags, curtains, yarn, textiles, rope, and sacks (Ramesh et al., 2017). Bast fibers developed from different  sources biocomposites were even below.
Jute fibre is a widely used agro-fibre for making biocomposites wich have high tensile modulus and a low elongation at break. Jute’s specific modulus, which is the elastic modulus divided by its mass density, is higher than that of glass fibre. Jute fibres also tend to be rough (Mohanty et al., 2000). 
Researchers developed a fully biodegradable and edible nanocomposite using babulgum from Acacia nilotica (L.), reinforced with cellulose nanofibers from bamboo (Rose, 2019). They found that adding 10 per cent bamboo cellulose nanofibre increased the composite film’s stiffness by 93 per cent. This increase in stiffness was linked to the high elastic modulus of bamboo fibre.
Flax fibres come from the outer layer of Linum usitatissimum stems. They are two to three times stronger than cotton fibres. Flax is used in wood-finishing products and can be woven into fabrics, which are then used to make composite materials with improved mechanical properties (Abhiram et al., 2021).
Hemp comes from the Cannabis sativa plant and is grown for many industrial uses. It is used to make building materials, textiles, paper, plastics, and biofuel. Hemp has been used for about 50,000 years, especially for ship sails, nets, ropes, insulation, and caulking, because it is strong and resists saltwater. Henry Ford even built an entire car from hemp fibres (Mwaikambo, 2006).
Banana plants grow quickly, and fibres taken from their pseudo-stems are lignocellulosic. Composites made with banana fibre and unsaturated polyester have a specific modulus similar to glass fibre composites (Venkateshwaran and Elayaperumal, 2010). Sharma and Kumar (2013) found that banana fibre composites with 15 per cent fibre content had the best mechanical properties and could be used for structural applications like walls and roofs.
2.1.2 Leaf fibre

Leaf fibres are coarse and rigid fibres obtained from the leaves of plants, typically extracted through hand scraping, mechanical processing, or after a beating/retting treatment. Owing to their relatively high strength, these fibres are predominantly employed in the production of woven ropes, fabrics, carpets, mats, and similar products. Common examples of leaf fibres include pineapple leaf fibre, sisal, palm, and agave (Ramesh et al., 2017). Among these, sisal filaments are characterised by their smooth, straight, and yellow appearance, making them particularly suitable for manufacturing ropes, twines, and brush bristles. Additionally, sisal finds applications in upholstery, partition covers, and customised floor coverings, providing aesthetically appealing and durable surfaces for a variety of interior structures (Mancinoa et al., 2018).
Sisal fibre is a hard, lignocellulosic fibre extracted from the leaves of the sisal plant (Agave sisalana). The sisal leaf contains three distinct types of fibres: mechanical, ribbon, and xylem fibres. Mechanical fibres, which are predominantly extracted from the periphery of the leaf, exhibit a roughly thickened, horseshoe-like cross-sectional shape and rarely split during the extraction process. These fibres constitute the most commercially valuable component of sisal. Ribbon fibres are associated with the vascular tissues along the median line of the leaf, whereas xylem fibres, which occur opposite the ribbon fibres along the vascular bundles, possess an irregular shape and are composed of thin-walled cells, rendering them prone to breakage and loss during extraction (Li et al., 2000). Venkateshwaran et al. (2011) investigated the mechanical performance and moisture absorption behaviour of hybrid banana-sisal-epoxy composites. The composites were fabricated using banana fibres of varying lengths (5, 10, 15, and 20 mm) and different weight fractions (8%, 12%, 16%, and 20%). Initially, the study determined the optimal fibre length and weight fraction for banana-epoxy composites. Subsequently, sisal fibres were incorporated into the optimised banana-epoxy matrix up to 50 wt%, resulting in enhanced mechanical properties and a significant reduction in moisture absorption. These findings highlight the synergistic potential of hybridisation in improving the performance characteristics of natural fibre-reinforced polymer composites.
2.1.3. Seed /fruit fibre
Seed or fruit fibres are obtained from the outer husk of plant seeds or fruits. Common examples include cotton, kapok, rice husk, and milky weed floss. These fibres are widely employed in the textile industry and in the production of water safety equipment, insulation materials, upholstery, and mattresses, owing to their inherent softness, lightweight nature, and buoyant properties (Ramesh et al., 2017).
Alomayri et al. (2013) demonstrated that cotton fibres can serve as reinforcement in geopolymer composites. Increasing cotton fibre content up to 0.5 weight per cent enhanced both flexural strength, defined as the material's ability to resist deformation under load, and fracture toughness, which describes resistance to flaw propagation under applied stress. However, increasing the cotton fibre content beyond 0.5 weight per cent reduced mechanical properties due to poor workability, leading to voids and fibre agglomerates. Additionally, the density of geopolymer composites decreased as fibre content increased.
Coir is a natural fibre extracted from coconut husk. Due to its high lignin content, coir exhibits greater durability compared to other natural fibres. Coir is considered a potential reinforcing material for various structural and non-structural applications  (Verma et al., 2013). Subramani (2012) compared coir fibre-reinforced bituminous mixes with conventional mixes and found that adding coir fibre to semi-dense bituminous concrete improved performance. The stability value increased by 1.3 times, resulting in greater stability under traffic loads.
2.1.4. Grass Fibers
Grass fibres represent an important category of plant fibres, typically found in various parts of the plant, particularly in the stems and leaves. These fibres are lignocellulosic in nature, comprising a layered structure with lignin forming the outermost layer, hemicellulose the intermediate layer, and cellulose as the innermost layer. The relative proportions of lignin, hemicellulose, and cellulose vary among different types of grass fibres, influencing their mechanical properties and suitability for specific applications (Kumar et al., 2022). Jumaidin et al. (2019) conducted a study with cogon grass fibre reinforced with thermoplastic cassava starch matrix. The aim of this work was to study the effect of cogon grass fibre (CGF) on the water absorption, swelling and water solubility properties of the thermoplastic starch. When cogon grass fibre was reinforced with a thermoplastic cassava starch matrix, thickness, swelling, and water solubility of the composites decreased, suggesting improved dimensional and structural stability.
Haameem et al. (2016) investigated the mechanical properties of a Napier grass fibre-reinforced polyester composite. Their study demonstrated that a 10 per cent alkali treatment of Napier grass fibres resulted in the highest strength compared with untreated fibres. Furthermore, it was observed that a composite containing a 25 per cent volume fraction of Napier fibre exhibited optimal tensile and flexural properties. Specifically, both the tensile and flexural strength of the Napier grass fibre-reinforced polyester composite increased with the fibre volume fraction, highlighting the significant influence of fibre content and surface treatment on the composite’s mechanical performance.
2.1.5. Wood fibres
Wood fibres are derived from a variety of tree species and are generally classified into two categories: softwood and hardwood. The primary distinction between these categories is that softwood fibres are longer than hardwood fibres (Ramesh et al., 2017). Wood fibres comprise both living and non-living cells. Their composition is influenced by the location and age of the source tree. The hierarchical structure of wood fibres imparts superior performance characteristics, such as a high strength-to-weight ratio. Extraction methods for wood fibres from timber include chemical, mechanical, biological, and various combined processes (Dai and Fan, 2014).
Wood fibre composites are used extensively in construction, automotive, and infrastructure applications. A notable example in construction is the Tulou building, a distinctive rural dwelling in South China made with a wood fibre–clay composite. This composite structure demonstrates remarkable mechanical durability. For instance, after 1,240 years, the compressive strength of some Tulou walls remains as high as 30.17 MPa. This strength is attributed to wood fibre reinforcement. These buildings also provide superior environmental performance. Annual household energy consumption is only 2.43 × 104 MJ/y, which is significantly lower than that of other rural buildings in the region. Compared to modern cement buildings, Tulou structures provide enhanced thermal comfort for residents (Li et al., 2012).
2.1.6. Biocomposites from agricultural waste
Okra (Abelmoschus esculentus) is a rich source of natural fibres. Large quantities of okra stems are discarded annually after harvesting, often without effective use. Okra bast fibre possesses a high cellulose content, excellent mechanical properties, and notable thermal resistance, making it comparable to conventional bast fibres such as jute, hemp, and ramie. Biocomposites reinforced with okra bast fibre can be fabricated using a variety of matrices, including biodegradable polymers such as cornstarch, poly(lactic acid), poly(vinyl alcohol), and urea–formaldehyde resin, employing diverse processing techniques. These characteristics make okra bast fibre a promising candidate for sustainable composite materials with enhanced mechanical and thermal performance. (Khan et al., 2017).
Bagasse is one of the largest agricultural residues globally (Pandey et al., 2000). Its primary constituents include water, fibrous material, and a small proportion of soluble solids (Walford, 2008), with the precise composition varying according to plant variety, maturity, and harvesting practices. Beyond its traditional applications in ethanol production and as fuel for sugarcane mills, bagasse is increasingly employed in the fabrication of composite materials for automotive vehicles, buses, and railway coaches. Further enhancement of mechanical properties, such as tensile and flexural strength, through optimized manufacturing processes can broaden its range of industrial applications (Rassiah et al., 2012).
Merino et al. (2021) developed agricultural mulch films from industrial vegetable waste, specifically orange peels and spinach stems. Films were produced using hydrolysis at various durations (6, 16, and 24 hours) and temperatures (30, 50, and 70 °C). Hydrolysis at 30 °C for 24 hours resulted in films with optimal mechanical properties. In contrast, higher temperatures and longer treatment times produced materials with reduced mechanical strength and darker colouration. Applying a carnauba wax coating improved the films' water resistance
Although tonnes of pineapple leaf fibres are produced annually, only a small fraction is currently utilised in applications such as feedstock and energy production. Pineapple leaf fibres can be used as reinforcement material for biocomposites. The fibre is white and exhibits a glossy, silk-like appearance, with medium length and high tensile strength. It possesses a softer surface compared with many other natural fibres and retains an attractive colour, making it particularly suitable for textile and composite applications (Cherian et al., 2011). Ambone et al. (2017) reported that waste leather buff (WLB)could be used as a reinforcement for the development of poly (lactic acid) composites, which was an alternative solution for the management of leather waste.
2.2. Matrices for biocomposites
The matrix is the continuous phase and plays an important role in determining the overall properties of the green composite. The principal purpose of a matrix is not as a load-carrying constituent but essentially to bind the fibres together. Moreover, it plays a critical role in transferring loads to the fibres while protecting them from environmental and mechanical damage. For optimal performance, each fibre must be individually separated and uniformly coated by the matrix. The properties of the polymeric matrix largely determine the overall characteristics of the composite, including thermal stability, temperature-dependent behaviour, and suitability for high-temperature applications (Singh et al., 2017). While the fibrous reinforcement bears the majority of structural loads, providing macroscopic stiffness and strength, the matrix governs the composite’s shape, surface appearance, environmental resistance, and long-term durability. The polymer market is predominantly composed of commodity plastics, with approximately 80 per cent derived from non-renewable petroleum resources. Growing public awareness of environmental issues, climate change, and finite fossil fuel reserves has motivated governments, industry, and researchers to explore alternative matrices to conventional petroleum-based materials. Currently, matrices used in biofibre composites include both biobased and petroleum-based plastics (Faruk et al., 2012).
2.2.1. Petrochemical based matrices
Petrochemical based matrices are of two types: thermoplastics and thermoset matrices. Polypropylene (PP), polyethylene (PE), polystyrene (PS), and PVC(polyvinyl chloride) are used for the thermoplastic matrices. Thermoplastics are not widely used as a matrix for fibre composite materials because of their hydrophobic nature, high breaking elongation and high processing viscosity (Fowler et al., 2006). Polyester, epoxy resin, phenol–formaldehyde, and vinyl esters are commonly employed as thermoset matrices and represent the most widely used matrices in natural fibre-reinforced polymer composites (Faruk et al., 2012). The fundamental distinction between thermoset and thermoplastic polymers lies in their response to heat. Thermoplastics can be reheated, remoulded, and reprocessed into new shapes without undergoing chemical changes, whereas thermosets, which undergo irreversible curing upon heating, cannot be remoulded or dissolved in a solvent (Murawski et al., 2019).
2.2.2. Bio-based
With increasing global demand for environmentally sustainable materials, there is a growing interest in replacing conventional polymer matrices with bioplastics in composite applications. Bioplastics are typically derived from renewable resources and can be produced at scale. They are generally cost-effective and biodegradable, allowing them to decompose naturally at the end of their lifecycle (Wei and McDonald, 2016). Among the most commonly available bio-based plastics are poly(ethylene terephthalate) (PET), polyethylene (PE), polypropylene (PP), polyamides (PA), poly(trimethylene terephthalate) (PTT), poly(lactic acid) (PLA), polyhydroxyalkanoates (PHAs), poly(propylene carbonate) (PPC), thermoplastic starch (TPS), soy protein-based resins, and other biodegradable polyesters such as poly(caprolactone) (PCL), poly(butylene succinate) (PBS), and poly(butylene succinate-co-adipate) (PBSA) (Mekonnen et al., 2013).
3. Application of biocomposites
Biocomposites are increasingly utilised across various sectors owing to their superior performance compared with polymer composites reinforced with synthetic fibres. Key applications include the manufacture of automotive components, construction and building materials, electrical and electronic devices, agricultural equipment parts, packaging materials, as well as biomedical and structural components (Castro et al., 2016).
3.1. Construction
he application of composites has been explored for both structural and non-structural purposes, with particular attention to their physical and chemical properties. Most synthetic composite materials used in construction have a significant negative environmental impact. In response, green and sustainable building design increasingly involves replacing cement, steel, and other conventional construction materials with green composites worldwide. Furthermore, there is a growing societal demand for greener buildings and for architects, designers, and engineers to deliver LEED-certified (Leadership in Energy and Environmental Design) primary structures (Saba et al., 2017). Biocomposites can be utilized in the development of staircases, decks, elevator panels, and green fibre cabins. Christian and Billington (2011) assessed the mechanical performance of eco-friendly composites composed of cellulose and polyhydroxybutyrate reinforced with hemp fibres. These materials exhibited mechanical properties comparable to those of structural wood, indicating their potential suitability for applications such as flooring, scaffolding, walls, and temporary construction. Natural fibres, including coconut, sisal, banana, hemp, sugarcane, and cotton, are frequently employed to reinforce polymer matrices, thereby enhancing specific properties of the resulting composites. In particular, cellulosic fibres represent a promising reinforcement option for the construction industry (Sanchez et al., 2018). Additionally, Saba et al. (2016) explored the fabrication of kenaf/epoxy hybrid nanocomposites incorporating oil palm nanofillers. The resulting materials demonstrated improved mechanical and morphological characteristics, highlighting their potential for use in structural and semi-structural building applications. Such composites offer the possibility of substituting conventional construction materials—including steel, aluminium, ceramic bricks, wood, cement, aggregates, cladding, and partitioning materials—thereby supporting the development of sustainable green buildings.
3.2. Automotive industry
In recent decades, the adoption of natural fibre and green composites has significantly transformed the automotive sector by reducing reliance on non-renewable, costly materials (Koronis et al., 2013). However, the use of natural fibre composites in automotive applications dates back to the 1940s. In 1942, Henry Ford introduced the first prototype composite car constructed from hemp fibre (Rusu et al., 2011). During the 1950s, the East German Trabant featured a body made from composites containing natural fibres. The subsequent development of petrochemical-based polymers rendered this green technology economically unviable, leading to its decline in the automotive industry. The oil crisis of the 1970s renewed interest in natural fibre composites, and by the 1980s, automotive door panels composed entirely of bio-based natural fibres and bioresins were developed. In the 1990s, Daimler-Benz pioneered the integration of natural fibres in commercial vehicles through the ‘Belem’ project in the Amazon delta, South America. By the late 2000s, natural fibre composites had become a prominent concept in advanced automotive design (Akampumuza et al., 2017). The automotive industry now incorporates green composites in both internal and external components (Yildiz et al., 2019). These composites, derived from renewable materials, are utilized in various car-body parts such as dashboards, door panels, parcel shelves, seat cushions, and linings (Peças et al., 2018). The current trend toward electric vehicle production emphasizes the importance of lightweight materials for chassis construction to optimize battery performance (Velandia et al., 2019). Green composites offer reduced energy consumption and enhanced vibration damping in transportation and automotive sectors due to their lower weight compared to steel and iron components, which is also advantageous in shipbuilding and mass transit. Composite structural parts are fuel-efficient, environmentall friendly due to lower carbon dioxide emissions, and more flexible than metal, allowing for diverse moulding and design possibilities (Saba et al., 2017). However, their water absorption properties limit their use in wet glass fibre reinforced polymer (GFRP) applications, such as kayaks, piping, tanks, and boats (Dicker et al., 2014).
3.3. Packaging
Billions of tonnes of petroleum products are used to produce plastic bags, which can be saved for future use, as these energy resources are not recyclable. This is the area where a large amount of nondegradable waste has been created. Biopolymer-based biodegradable food packaging materials could potentially replacenon-biodegradable plastics (Tang et al., 2012). Mohanty et al. (2014) investigated the chemical modification of date palm leaf (DPL) fibres using acrylic acid. Biocomposites reinforced with 26 wt % DPL fibres exhibited promising properties as hydrophobic packaging materials, demonstrating enhanced resistance to water and chemical exposure. Similarly, Nazrin et al. (2020) explored the incorporation of nanocellulose to improve the performance of thermoplastic starch (TPS), polylactic acid (PLA), and polybutylene succinate (PBS) for food packaging applications. The inclusion of nanocellulose in TPS enhanced its tensile strength and water barrier properties, while its addition to PLA and PBS improved oxygen barrier performance and mechanical strength.
Teabags are typically manufactured from filter paper or food-grade plastics, and occasionally from silk cotton or silk. Filter paper for teabags is often produced from a blend of wood and plant fibres, such as bleached abaca or hemp pulp. Heat-sealed teabags incorporate a heat-sealable thermoplastic layer, such as polyvinyl chloride, or a bicomponent fibre on the inner surface to enable secure sealing (Fisher, 2020).
3.4. Agriculture
Biocomposites are used as coating material in slow-release fertilizers for agriculture. Sofyane et al. (2021) found that fertilizers based on starch acetate, glycerol, and polyvinyl alcohol biocomposites improved fertilizer use efficiency. A study conducted by Kottegoda et al. (2011) noted that urea-modified hydroxyapatite nanoparticles were incorporated into Gliricidia sepium wood, resulting in a fertilizer with slow and sustained urea release and enhanced efficiency. Urea fertilizer coated with starch-grafted rubber was also developed as a polymer membrane for controlled urea release. This core–shell structure, with a hydrophilic starch core and hydrophobic polymer shell, exhibited low swelling nature and is suitable for encapsulating water-soluble fertilizers such as urea (Riyajan et al., 2012).
Biocomposites are also used to produce biodegradable mulch films. Menossi et al. (2021) reported that the biodegradability of these films can be tailored to the crop season, providing effective pest and weed management and supporting high yields. Chaiphut et al. (2021) developed a biocomposite film from a blend of poly(lactic acid) and polybutylene succinate with lemon grass powder as a natural filler. The addition of the filler improved the film’s light barrier properties, allowing it to absorb over 90 per cent of both UV and visible light, making it suitable for weed prevention. Moreno and Moreno (2008) found that biodegradable mulch films warm soil less than polyethylene mulches, which is beneficial in hot climates and has less negative impact on soil microbial activity. Viscusi et al. (2022) observed complete inhibition of Cynodon dactylon weed growth after 12 days using a biocomposite film containing 20 per cent rice milk-based beads and chilli powder extract.
Biodegradable plant pots and trays made from biocomposites are suitable for seedlings and young plants. These pots can be planted directly in the soil, reducing transplant shock and minimizing plastic waste. Sun et al. (2018) found that flower pots made from straw fiber-reinforced hydrolysed soy protein isolate, urea, and formaldehyde composites offer good thermal and mechanical properties, biodegradability, and low cost. Treinytea et al. (2014) reported that pots made from starch, rapeseed cake, crude glycerol, and urea had half the water evaporation rate and lower soil temperature fluctuations compared to commercial peat pots.
Biocomposite materials are used to produce erosion control products such as blankets, mats, and logs. These products stabilize soil, prevent erosion, and support vegetation growth on slopes. Oil palm empty fruit bunch and wild seaweed serve as reinforcement and matrix, respectively, in biocomposites designed for erosion control during land clearing or replanting (Ashikin et al., 2019).
[bookmark: _GoBack]Cannazza et al. (2014) developed cellulose-based superabsorbent hydrogels as an environmentally sustainable alternative to conventional acrylate-based hydrogels. By utilising derivatives of carboxymethyl cellulose sodium salt and hydroxyethyl cellulose, they synthesised hydrogels exhibiting swelling capacity, water retention, and soil-conditioning properties comparable to those of acrylate-based counterparts. Field studies showed that applying these cellulose-based hydrogels can reduce water consumption by up to 50 per cent without affecting plant growth or yield.
3. Conclusion
Biocomposites represent a promising class od sustainable materials that is capable ofaddressing the environmental and health concerns associated with conventional composites.This review highlights versatility across multiple applications and industries, supported byrenewable resources and reduced environmental impact.
Nonetheless, key challenges still remain which includes variability in natural fibre properties,moisture sensitivity, and limitations in long-term durability and scalability. To address theseissues requires advancements in fibre modification, matrix development, and processingtechnologies. Therefore, future research should focus on developing high-performance,standardized, and cost-effective biocomposites to enable broader industrial adoption. Overall,biocomposites hold significant potential in driving the transition toward sustainable materialsystems
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