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Abstract

Kenaf fiber has recently gained significant attention as a reinforcement in composite materials across
various industries due to its excellent mechanical properties, ease of manufacturing, and natural
biodegradability. This brief review examines the physical and chemical properties of kenaf. The high
cellulose content of kenaf composites enhances their mechanical and thermal properties. Additionally,
several previous studies focusing on improving kenaf composites are highlighted. The reinforcement made
by using the kenaf fiber shows its potential to replace the glass fiber composite. The review also discusses
the applications of kenaf in various industries, as well as the challenges faced by the kenaf industry in
Malaysia and globally. Finally, the review addresses the potential and market demand for kenaf fiber and
kenaf seed oil.
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Introduction

One of the crops that could provide developing nations like Malaysia with a steady stream of
income is kenaf, also known as Hibiscus Cannabinus. This naturally occurring tropical plant is
farmed professionally around the globe. Interestingly, this fiber has exceptional sustainability
qualities because it grows quickly—in just 150 days—and is made of renewable resources. The
bark (outer fiber) and the kenaf stem's core (internal fiber) are separate fiber types that make up
its cylindrical physical form. Various parts of kenaf biofiber are shown in Fig. 1. The fibers present
in hardwood are similar to the pith of kenaf. Research has indicated that hemicellulose has a
percentage of 15-23% and lignin, 5.9-19%, in kenaf (Diez et al., 2020). A significant amount of
cellulose makes up 44-63.5% of the total content. Kenaf has a high cellulose content, which
contributes to its mechanical strength and stiffness. Along with other outstanding qualities
including high specific strength and modulus, non-abrasiveness, low density, and cost-
effectiveness, it also shows good properties under tension stress conditions (Rahman et al., 2024).

137



MALAYSIAN JOURNAL OF APPLIED SCIENCES 2024, VoL 9 (2), 137-145

kenaf fiber has a high cellulose concentration that makes it capable of offering robust structural
support, making it one of the stronger natural fibers (Abdul Khalil et al., 2010). This is the reason
why kenaf fiber is being used as a reinforcing agent in the development of composite materials by
numerous researchers. Furthermore, it should be mentioned that the chemical composition of
kenaf fiber from the bast and core likewise varies.

This member of the Malvaceae family is well-known for the superior quality of its fiber,
which is extracted straight from the dried stem materials and finds application in a variety of
industries, primarily in paper and pulp (Jasmani & Ainun, 2023), bio-composite (Asyraf et al.,
2021), textiles (Yosr et al.,, 2023), and manufacturing (Yusuff et al.,, 2021). Kenaf fibers are
biodegradable, making them an eco-friendly alternative to synthetic fillers. It is lightweight, which
can help in producing lighter rubber composites. Kenaf grows quickly, with a harvesting cycle of
4-5 months, making it a sustainable resource. Kenaf grows quickly, with a harvesting cycle of 4-5
months, making it a sustainable resource. Recently, biochar made from kenaf has been
developed, along with its composites, for use in a variety of engineering and agricultural
applications, such as polymer composites and nanostructure catalysts (Harussani & Sapuan,
2022). The terms "kenaf biochar" and "activated carbon" refer to materials that are primarily
employed as soil amendments and adsorbents. Besides, other crops such as Roselle (Liu et al.,
2021) and Gelam tree (Hashim et al., 2022, 2025) also have the potential to be used as biochar.

Thanks to recent discoveries, kenaf can now be considered a multipurpose crop because
its uses have expanded beyond its traditional uses in the food (Kujoana et al., 2023),
pharmaceutical, and medicinal industries (Norhisham et al., 2023). This is because kenaf extracts
have several bioactivities, including antimicrobial, anticancer, antihypertensive, antidiabetic, and
antithrombotic properties, among many others. The plant's various plant components, including
its leaves, seeds, flowers, and stems, make it useful in many applications. This indicates that kenaf
can also be considered a zero-waste crop, which is important for the long-term growth of any
therapeutic or medicinal substances derived from kenaf. Kenaf contains phenols, flavonoids,
terpene, siloxane, citric acid, tocopherols, and tocotrienol, among other phytochemicals, all of
which have been strongly linked to the extracts' demonstrated pharmacological properties. For
example, vitamin E, sterol, and polyunsaturated fatty acids are phytochemicals found in kenaf
seed oil that can aid in the fight against cancer cells (Abd Ghafar et al., 2013). Type-2 diabetes
risk can be reduced with even the most basic oral intake, such as drinking tea prepared from kenaf
leaves (Goh et al., 2021).

The current article discussed the properties of kenaf fiber and its potential in several
applications. The properties of kenaf composites were also highlighted. Lastly, the challenge and
the future demand of the kenaf industry were discussed.

Kenaf plant Kenaf fibre Ground kenaf

Figure 1. Visual representations of the kenaf plant, kenaf fiber, and ground kenaf
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Properties Enhancement and Kenaf Potential as a Filler in Matrix

Composites derived from natural sources are thought to be viable alternatives to or enhancements
of their non-biodegradable petrochemical-based equivalents. The most well-known ingredients for
creating these eco-friendly materials are cellulose and starch. These two materials are abundant
and renewable, coming from many sources. In addition, there is a lot of interest in using these
materials in packaging applications because of their lower prices and biodegradability (Diah et al.,
2024; Hashim et al., 2023). Despite their excellent strength-to-weight ratio, kenaf composites are
not as widely used in automobiles due to their weak fiber-matrix interface bonding. To overcome
this, a unique method utilizing graphene nanoplatelets (GNPs), kenaf fibers, and an epoxy matrix
was created to create multiphase composites (Malik et al., 2024). These improvements were
attributed to the uniform dispersion of GNPs and improved interlocking with the fiber surface.
Because of their enormous surface area per unit volume, nanoscale fillers offer the unique benefit
of considerable reinforcing at modest loadings in demonstrating dramatic changes in mechanical
and electrical properties. When compared to micro or bigger aspect fillers, this processing area
produces results that are two or more times greater (Hashim et al., 2020). The developed
composite has the potential for interior parts (such as dashboards, interior walls, and luggage
compartments) in the automotive vehicle.

In a study, the treated Kenaf fiber was added to polystyrene to improve the fiber-polymer
matrix adhesion (Moustafa et al., 2020). The improvement in tensile strength and good correlation
in water vapor and oxygen transmission rates supported the possibility of using this material for
sustainable automotive components and gas-sensitive packaging applications. Corn starch (CS),
sorbitol (a plasticizer), and multi-scale kenaf fiber (a reinforcing filler) were used to create
biocomposite films (Hazrol et al.,, 2022). The fiber's tensile strength, Young's modulus, and
elongation at break until (6 wt.%) all rose with the addition of kenaf. The ideal tensile strength,
Young's modulus, and elongation at break of the films were achieved with the addition of Kenaf
fiber, and they were 17.74 MPa, 1324.74 MPa, and 48.79%, respectively. Overall, the mechanical
and physical qualities of CS films were improved by the use of kenaf fiber as a filler.

The blending of kenaf in natural rubber (NR) improved the properties of composites. NR,
as a natural renewable resource, has many excellent comprehensive properties, such as
outstanding resilience, high strength, and good processability (Norazlina, Firdaus, et al., 2015).
The findings of an examination into how kenaf-filled natural rubber (NR) and thermoplastic
polyurethane (TPU) composites behave after being treated with alkalinity with sodium hydroxide
(NaOH) are presented in a paper (Jamaludin et al., 2024). NR, TPU, and processed kenaf fiber
were combined with a single-screw extruder. Sample 1 (TPU:200 g), Sample 2 (TPU:200 g, NR:10
g), and Sample 3 (Kenaf:10 g, TPU:200 g, NR:10 g) were the three sample preparation ratios that
were prepared. To find the stress-strain curve for the percentage of elongation and tensile stress
values, the generated samples were put through impact and tensile testing. Sample 1 had the
greatest Young's modulus, and sample 2 came in second. In conclusion, the characteristics of the
kenaf/TPU composites were enhanced by the addition of natural rubber.

To develop kenaf-reinforced PLA-based composites, a study used poly(lactic acid) (PLA)
as the matrix and untreated and surface-treated kenaf fibers as reinforcement (Singh et al., 2024).
The produced treated kenaf/PLA composites exhibit enhanced tensile and flexural performances
as a result of surface changes. The ideal tensile and flexural strengths of alkali-treated woven
kenaf fiber composites with increased matrix adhesion are 72.81 MPa and 94.45 MPa,
respectively. According to the current investigation, composites with a fiber volume fraction of 35%
exhibit the highest tensile and flexural strength when manufactured at a molding temperature of
170 °C. The results of various surface treatments on the tensile strength are shown in Fig. 3. After
all, kenaf fiber-reinforced PLA composites had a higher tensile strength thanks to three different
surface treatments. Rheological properties are dependent on temperature, molecular weight, and
shear rate (Norazlina, Retenam, et al., 2015). Under the same processing conditions, semi-
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crystalline PLA typically has a higher shear viscosity than its amorphous counterpart. As the shear
rate increases, the viscosities of the melt decrease significantly.

TENSILE STRENGTH OF SURACE TREATED KENAF/PLA
COMPOSITES
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Figure 2. Surface treatment’s impact on a surface’s tensile strength PLA/Kenaf composites (Singh et
al., 2024)

Hybrid composites are engineering material that consists two or more types of reinforcing fibers
or fillers, show casting unique features with combination of properties of each individual fiber/filler.
Maslinda et al. (Maslinda et al., 2017) reported on the reduction of moisture absorption in kenaf
fibers epoxy composites by hybridizing with high lignin content fibers such as jute and hemp. An
investigation of the mechanical, morphological, and physical characteristics of various hybrid
CR/kenaf fiber reinforced with 0.5 wt.% MWCNT—phenolic composites were the main goal of the
study (Loganathan et al., 2021). Plant Cyrtostachys renda (CR) is added to agro-waste materials
to enhance polymer composites. CR fiber composites demonstrated a higher quantity of void
content and lower thickness swelling compared to pure kenaf fiber composites. The addition of
kenaf fiber in CR composites has increased the tensile stress, tensile strain, flexural stress,
flexural strain, and impact strength in all cases.

The previous work's goal was to assess the hybrid nanocomposites made of nano clay
and epoxy, non-woven bamboo mat (B), woven kenaf mat (K), and water absorption, thickness
swelling, and thermal expansion (Chee et al., 2020). Through the manual lay-up process,
montmorillonite (MMT), halloysite nanotube (HNT), and organically modified montmorillonite
(OMMT) were incorporated at a weight percentage loading to create the hybrid nanocomposites
based on natural fibers as shown in Fig. 3. The density and void content of the B/K/Epoxy hybrid
composite was enhanced by hybridizing non-woven bamboo mats with woven kenaf mats. This is
due to the non-woven bamboo mat having a more compact structure than the woven kenaf mat,
which is porous. The density and void content of the hybrid nanocomposites are enhanced by the
inclusion of nanoclay, as the nanofiller closes the open pores within the hybrid composites. The
developed nanocomposites in this work have the potential to be applied in construction and
automobile manufacturing that call for excellent dimensional stability.
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Figure 3. Preparation of bamboo/kenaf/nanoclay/epoxy hybrid nanocomposites (Chee et al., 2020)

Challenges and Future Directions of Kenaf Crop

A tropical climate presents a great opportunity for the production of kenaf. It provides raw materials
for the manufacture of paper and other fiber-based industries. The sustainability of raw kenaf
resources is a significant concern for Malaysia's kenaf sector, as a result of a decrease in both
supply and demand. Fig. 4 shows the factors that cause the restriction in the development of the
kenaf industry. In the kenaf sector, another difficulty is the lack of consumer awareness regarding
the advantages of products based on kenaf (Vayabari et al., 2023). Consequently, there is less
demand, which impedes the expansion of the sector. An additional difficulty facing the local kenaf
business is a lack of skilled workers. For the production, processing, and cultivation of kenaf-
based products, the industry is experiencing a labor shortage among competent workers. An
important barrier to the industry's expansion is the scarcity of skilled workers. Kenaf's low yield is
another problem facing the industry. Numerous things, including illnesses, pest infestations, and
inadequate soil fertility, are to blame for this. These elements affect the quantity and quality of
kenaf produced, which in turn affects the expansion of the sector. Further investigation and
advancement are necessary to maximize the potential of kenaf as a raw material. Lack of sufficient
research and development hinders the industry's ability to enhance and create new products,
which is a major problem.

When referring to the potential products made from the kenaf crop, achieving uniform
dispersion of kenaf fibers in the rubber matrix is critical for consistent performance. Kenaf fibers
can improve the tensile strength, tear resistance, and durability of natural rubber films.
Incorporation of kenaf fibers can enhance the thermal stability of natural rubber composites.
Research should be further proceeded to improve the interfacial bonding between kenaf fibers
and the rubber matrix can further enhance the mechanical properties. The government should
develop standardized processing techniques and formulations that will help in the commercial
adoption of kenaf-filled natural rubber films. In another way, utilizing agricultural waste reduces
landfill usage and decreases environmental pollution. Kenaf waste has a big potential in
development of composites due to the cheaper cost than synthetic fillers, thus reducing production
costs.
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Using Kenaf waste as a filler in natural rubber films offers a promising route toward
sustainable material development. Integrating kenaf fibers can significantly improve natural
rubber's mechanical and thermal properties, providing an eco-friendly and cost-effective
alternative to traditional synthetic fillers. With ongoing research and development, kenaf-filled
natural rubber composites are poised to become an integral part of various industries, contributing
to a more sustainable future.

The Kenaf seed oil market outlook is shown in Fig. 5. Global Kenaf seed oil consumption
is projected to rise at a compound annual growth rate (CAGR) of 6.1% between 2023 and 2033,
provided that a market valuation of US$228 million is taken into account in 2033. Accordingly, it is
projected that by the end of 2033, the global kenaf seed oil market will generate sales revenue of
US$412.5 million. The widespread usage of kenaf seeds in the production of biofuels is a
significant factor that is anticipated to drive market expansion in the future. Because of the rise in
chronic illnesses in recent years, there has been a noticeable global emphasis on fitness and
health, which has led to a growth in the market for functional foods.
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Figure 4. Challenges in the kenaf industry (Vayabari et al., 2023)
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Figure 5. Kenaf seed oil market for year 2023-2033 (Kenaf Seed Oil Market, 2022)
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Throughout the projected period, prices for kenaf seeds are expected to be a significant
limitation on market evolution. A few companies that specialize in processing kenaf seed oil, low
production, and a scarcity of commercialized raw materials are some other obstacles that may
hinder the growth potential of several kenaf seed oil manufacturers in the years to come.

Leading providers of kenaf seed oil are concentrating on broadening their business reach
globally by implementing innovative approaches and pursuing prospective markets. In January
2022, Kenaf Venture Global (KVG), a prominent Malaysian kenaf planter and producer, inked a
Memorandum of Understanding (MoU) with the Aceh government to encourage the growth of the
kenaf seeds industry in Aceh, Indonesia (Bernama, 2022). The signed agreement is expected to
have a favorable effect on the environment, the economy, and society.

Conclusion

In conclusion, kenaf fiber presents a highly promising alternative to synthetic fibers and fillers,
driven by its sustainability, biodegradability, and robust mechanical properties. Its high cellulose
content enables it to enhance the mechanical and thermal characteristics of composites, making
it valuable across diverse industries, from automotive and construction to agriculture and health.
Despite challenges in scaling its production, optimizing processing techniques, and increasing
consumer awareness, the kenaf industry shows potential for growth, particularly with the
integration of kenaf in natural rubber films and the expanding global market for kenaf seed oil.
Continued research and development, along with supportive government policies, could help
overcome these obstacles, positioning kenaf as a key player in the global move toward eco-
friendly materials and sustainable development.
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