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Potential Utilization of Kenaf Biomass
in Different Applications
N. Saba, M. T. Paridah, M. Jawaid, K. Abdan and N. A. Ibrahim

Abstract Kenaf is regarded as an industrial crop, and belongs to family Malvaceae along with hibiscus ( Hibiscus hibiscum L.), hollyhock ( Althaea rosea), cotton
( Gossypium hirsutum L.), and okra ( Hibiscus esculentus), and is grown commercially in different countries including Malaysia. It is undoubtedly the utmost important cultivated plant for fiber globally, next to cotton, a short day, herbaceous 4000
years old, original crop which is endemic to ancient Africa. It has a precise promising prospect because of its long fibers derived from outer fibrous bark, the bast with
great potential in the biocomposite industry. The plants possess a wider range of
adaptation to environments, climates, soils, and are rich sources of cellulose compared to any of other fiber plant in profitable manufacture industry. Kenaf reveals a
virtuous source of high and improved quality cordage fiber which can be processed
into a variety of goods such as fiber and particle boards, fiber-reinforced plastic
components, pulp and paper, chemical absorbents, and many others. The tensile
strength and modulus of solo kenaf fiber is found to be as high as 11.9 and 60 GPa,
respectively. All the components of kenaf plant, leaves, seeds, bast fiber, and core,
are of industrial importance. The countless variabilities in the utilization of kenaf
only because of its appropriateness as construction material (such as boards of different densities, breadths, along with fire and insect resistance), adsorbent, textile,
livestock feed, and fibers in original and reprocessed plastics are demonstrated by
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many recent studies and research efforts are increasing nowadays. Numerous other
kenaf fiber products are also being developed and marketed. Thus, it is important to
gather the information of its constituents and the matters governing the composition
of the plant.
Keywords Kenaf ( Hibiscus cannabinus L.) · Natural fibers · Composite ·
Antioxidant · Adsorption · Geotextiles

Introduction
In the global market, kenaf is regarded as an industrial crop. Kenaf ( Hibiscus cannabinus L., Malvaceae) is an annual warm-season crop, relative to cotton, and from
historic times has been suggested by many researchers for use as both fodder crop
and fiber (Taylor 1992; Webber 1993). Kenaf is the traditional crop in Thailand, certain areas of Africa, India, and Bangladesh, and to a certain level in Southeast Europe. It has been grown for over 4000 years in Africa, and its parts have been used
for animal diet, food, handicraft manufacture, and fuel by inherent communities
(Dempsey 1975). However, numerous types of kenaf crops nowadays are found to
be cultivated easily and widely in numerous countries. Moreover, the major farming
areas are throughout India, China, and several new countries, including Texas, USA
(seed farms), Tamaulipas, Mackay, Australia, and Mexico (Chan and Ismail 2009).
Kenaf has a growing demand from Australia, Europe, Japan, and Korea. In the past
decade, the crop has received an increased attention by EU as a high-yielding “nonfood crop” for fiber production and particularly for the newsprint paper pulp and
other paper products industry (Clark et al. 1962; White et al. 1970), as it is fast growing and high yielding and pulp can be obtained easily (Clark et al. 1962). Kenaf also
gets more familiarized into arid regions (Francois et al. 1992) and is progressively
getting mature in other dry, marginal soils, light-textured, under water-limited situations. It is regarded as a potential crop to substitute tobacco. Currently, about 95 %
of total kenaf production belongs to India, Thailand, and China (Tahery et al. 2011).
Based on research findings, kenaf is regarded as Malaysia’s next industrial crop
due to its technical, practical, and commercial potential. Figure 1 shows the kenaf
plantation in Malaysia. In Malaysia, it was first presented in the early 1970s and
was highlighted in the 1990s as the substitute and inexpensive important basis of
material for manufacturing panel products such as particleboard, fiberboard, and
textiles, and as a source of fuel (Abdul Khalil et al. 2010).
Kenaf is a dicot and has two different kinds of fibers—long bark fibers, constituting 35 % of its fibrous portion, and short core fibers, determining the rest (Manzanares et al. 1997). Kenaf has a straight, single, and branchless stem. Kenaf stalk
is composed of an internal woody core and a superficial fibrous bark neighboring
the core. Bast fiber is the fiber derived from the superficial fibrous bark (Edeerozey
et al. 2007). Materially, their seeds are comparatively smaller (6 mm long × 4 mm
wide), black or dark brown in color with a triangular shape in acute angles (Chan
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Fig. 1 Showing the kenaf
plantation in Malaysia

and Ismail 2009). Kenaf leaves are lobed or unlobed reliant on position and variety;
flowers are usually monoecious and fruit is a capsule of 2 cm diameter containing
numerous seeds and takes about 40–50 days for maturing (Monti and Zatta 2009).
Moreover, kenaf plant has a long effective taproot system and a wide-ranging lateral root system which is moderately deep ensuring the plant to be drought tolerant.
Greater moisture is the major requirement, thus about 23.6 in. of water is highly
important during its growing period of about 120–150 days (Anonymous 2012). It
is quite hard, thus it is unaffected to the effects of robust winds and drought. Like
hemp, it is a diverse fiber; however, unlike hemp it does not possess the stigma of
marijuana (Anonymous 2014). Kenaf does not require any chemical pest control, or
toxic or synthetic products during its growing cycle, thus growing kenaf profits the
ecosystem. Kenaf plant collects poisonous elements, such as heavy metals from the
earthy soil. Kenaf plant shows absorption of CO2 from the atmosphere compared to
any other crop—about 1.5 t of CO2 is needed for a production of 1 t of dry matter
of kenaf (Fig. 2). Thus, every hectare of kenaf consumes 30–40 t of CO2 for each
growing cycle (Eshet 2014).
Kenaf is one of the significant fast-growing crops, producing two harvests annually and can yield a profit 15–20 t per hectare (dry-weight basis) with the appropriate seedlings and seeds. Reliant on the yield, 3–5 t (20 %) consist of fiber. Maturity
is about 4–4.5 months (Chen et al. 2011). Compared to that of conventional trees,
the photosynthesis rate of kenaf is considerably much greater. Kenaf’s environmental sustainability is deceptively perfect related to other predictable annual crops
such as sugar beet and maize (lesser amounts of fertilizers required) (Monti and
Zatta 2009). It is considered as one of the pillars among export commodities for the
country and a vital source for employment and foreign exchange earnings. Thus,
it is an economically important crop of the country as it has a wide range of uses
mostly in the fabrication of currency notes, bags, cigarette filter paper, meat casing,
cable insulation, and a host of other industrial products. However, like every other
crop, kenaf production requires some agronomic practices, especially soil nutrient
amendment, to improve its productivity and biomass quality. Moreover, kenaf has
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Fig. 2 Shows the absorption of CO2 from atmosphere http://www.kenafibers.com/users_nec.html

been cultivated widely because of its tendency to captivate phosphorus and nitrogen
present in the soil; it can accumulate carbon dioxide at a significantly high rate than
that of Japanese cedar shown in Fig. 3. Natural fibers such as banana, hemp, flax, oil
palm, kenaf, jute, sisal, etc. have gained significant attention in the past few years
due to their environmentally green and renewable nature (Abdul Khalil et al. 2012).
Natural fibers are primarily classified on the basis of their origin, either belonging from animals, minerals, or plant fibers. Natural fibers are renewable materials and also possess the ability to be reprocessed (Jawaid and Abdul Khalil 2011).
Natural fiber itself consists of helically wound cellulose microfibrils, embedded in
amorphous lignin matrix, and hence resembles that of naturally occurring composites. Cellulose (a-cellulose), lignin, pectins, hemicellulose, and waxes are the major
Fig. 3 Kenaf CO2 absorption
capability http://www.toyotaboshoku.com/global/about/
development/eco/kenaf
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components of natural fibers. Generally, these fibers are extremely hydrophilic in
nature. This water-loving feature leads the water uptake and the formation of hydrogen bonds between water and fiber. The required stiffness and strength of the fibers
are delivered by the hydrogen bonds and other similar linkages. Natural fiber properties mostly depend on conditions of plant growth, making them highly variable.
A foremost disadvantage of natural (plant) fibers compared to synthetic fibers is a
variety of dimensions, their nonuniformity, and mechanical properties; this is also
in the case of individual natural (plant) fibers from the same cultivation (Bismarck
et al. 2005). However, treatment with chemicals such as maleic anhydride, silane,
and acetic anhydride improves the fiber dimensional stability properties (Wambua
et al. 2003). Researchers found that these fibers are not applicable for aerospace applications and high-performance military due to their low strength, environmental
sensitivity, and lower moisture resistance resulting in deprivation of stiffness and
strength of natural fiber-reinforced composites. However, all these shortcomings
can be overcome only by effective hybridization of lignocellulose fiber with perfectly proper synthetic fiber or natural fiber (Abdul Khalil et al. 2012).

Physicochemical Characteristics of Kenaf Fiber
Physical Properties of Kenaf Fiber
Kenaf is well recognized to have both ecological and economic advantages instead
of cellulosic nature. It can grow in 3 months (after sowing the seeds), under an
extensive range of climate conditions, up to a height of more than 3 m and a width
diameter of 3–5 cm (Aziz et al. 2005). Kenaf ( H. cannabinus L.) stem principally
comprises two types of materials: the long fiber (bast) and the short, woody-like
fiber (core), present at the innermost part of the kenaf stem. The bast to core ratio is
almost 30:70 (w/w). These fibers are different considerably in anatomical structure,
fiber, and their appearance (Voulgaridis et al. 2000). Fiber quality and its superiority are relevant with its characteristics like capability of uptaking humidity, biodegradability, no allergic and harmful substance effects, and good air permeability.
Figure 4 shows transverse sections of kenaf cell wall fibers, showing hollow tube
of cell wall with four different layers: one primary cell wall, three secondary cell
walls, and a lumen which opens in the middle of the microfibril (Abdul Khalil et al.
2010). The microfibril size, chemical content, and extractive percent of kenaf stem
are shown in Table 1.
Kenaf core fibers exhibited countless variability in size, shape, and structure of
the cell wall fibers. Figures 4b, c are the transverse sections of kenaf bast fibers.
The cell wall fibers are polygonal to round in shape. The kenaf core and bast fiber’s
average lumen diameter is 6.7 and 2.8 μm, respectively. This shows that kenaf core
can be a potential fiber for pulp and paper industries, thus substituting wood and
many other natural fibers as a raw material (Abdul Khalil et al. 2010). The pit structure can be observed undoubtedly in kenaf core fiber (Fig. 5). However, in other
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Fig. 4 Transmission electron micrograph of ultrathin section of kenaf fibers: a kenaf core fibers
showing cell wall and lumen, b transverse section of core fibers, c transverse section of kenaf bast
fibers. Cell wall structure stained with uranyl acetate and lead citrate. Scale bar = 5000 nm in. (a)
and (c), 2000 nm in (b). CW cell wall, L lumen, F fiber, P parenchyma (with permission)

Table 1 Microfibril size, extractive percent, and chemical content of kenaf stem. (Source: Akil
et al. 2011; Abdul Khalil et al. 2010)
Nonwood fibers

Style1 bark Style4 core Kenaf whole Softwood Hardwood

Fibril length, L (mm)

2.22

0.75

Fibril width, W (μm)

17.34

19.23

L/W
Lumen diameter (μm)

128
7.5

–

–

22.1

1.29

–

–

39

–

–

–

32

12.7

–

–
–

Cell wall thickness (μm)

3.6

1.5

4.3

–

Extractive (%)

5.5

4.7

6.4

0.2–8.5

0.1–7.7

Cellulose (%)

69.2

32.1

53.8

30–60

31–64

Lignin (%)
Hemicellulose (%)
Ash content (%)

2.8
27.2
0.8

25.21

21.2

21–37

14–34

41

87.7

60–80

71–89

<1

<1

1.8

4.0

fibers, pits are seldom realized, and they are variable in their dimension. Average
bast fiber’s length is 2.5 mm, comparable to different species of southern pine and
the core length is 0.5 mm resembling hardwoods. This composition provides a required balance for several other pulp and paper applications, stimulating constant
attention, research and development in the industries (Schroeter 1994).
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Fig. 5 Transmission electron
micrograph of ultrathin section of kenaf fiber. Transverse
section of pit fiber wall. Scale
bar = 1000 nm. CW cell wall,
PT pit. (With permission)

Chemical Composition
Kenaf Fiber
Generally, kenaf fibers like other natural fibers consist of 60–80 % cellulose, 5–20 %
lignin (pectin), and up to 20 % moisture (Mohamed et al. 1995; Nishimura et al.
2002). The composition and products of kenaf constituents have been affected by
several aspects including cultivar, planting date, plant populations, length of growing season, photosensitivity, and plant maturity (Ayerza and Coates 1996). Fiber is
composed of cellulose entrenched in a matrix of hemicellulose and lignin, resembling the reinforced composites. Hemicellulose is accountable for biodegradation,
moisture absorption, and thermal degradation of the fibers, whereas lignin (pectin)
is quite thermally stable and responsible for the ultraviolet (UV) degradation of the
fibers (Akil et al. 2011). Kenaf fibers were fairly dissimilar with respect to their
chemical constituents (Abdul Khalil et al. 2010). Shorter and thicker core fibers are
poor in slenderness ratio, thus reducing the tearing resistance intensely (Ververis
et al. 2004). However, fibers of core are extremely flexible with a good Runkel ratio
as shown in Table 2 and lower felting power thus can supplement the developed
mechanical strength of the bark fibers (Khristova et al. 1998) and Table 3 shows the
density and cost of glass fibers and natural/bio-fibers.
Kenaf Seed Oil
Oil composition of kenaf seed is alike to cottonseed apart from the existence of
gossypol (a toxic phenolic pigment) in cottonseed oil (Bhattacharjee et al. 2007).
Soxhlet extraction is most commonly used for the kenaf seed oil extraction, rich in
unsaturated fatty acids (76.0–81.5 %) with linoleic acid being the major fatty acid
(45.9 %) in the oil (Mohamed et al. 1995). Besides this, the oil is also rich in phytosterols and phospholipids (0.9 and 6.0 % of the oil, respectively).
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Table 2 Fiber dimensions
along the stalk/branch of
the kenaf plant. (Source:
1998)

Fiber dimension

Stalk height/branch Kenaf
length (%)

Length (mm)

10

2.30a

50

2.33

90

2.37b

10

22.09

50

21.65

90

21.52

10

11.03

50

10.69

90

10.9

Diameter (Î¼ m)

Lumen diameter (Î¼ m)

Cell wall thickness (Î¼ m)

10

4.53

50

4.37

90

4.32

Bark
b
Internodes
a

Table 3 Density and cost
of glass fibers and natural/
bio-fibers. (Zampaloni et al.
2007, with permission)

Fiber

Density (g/cm3) Cost (kg−1)

Flax

1.4–1.5

$ 0.40–0.55

Hemp

1.48

$ 0.40–0.55

Jute

1.3–1.45

$ 0.40–0.55

Cotton

1.5–1.6

$ 0.44–0.55

Kenaf

1.4

$ 0.40–0.55

Ramie

1.50

$ 0.44–0.55

E-glass

2.5

US $ 2

S-glass

2.5

US$ 2

Pineapple leaf 1.53

$ 0.40–0.55

Mechanical Properties
Most of the properties of natural fibers are extremely variable and governed by
conditions and situations of growth. So it is quite challenging to get the similar mechanical properties even after repeat testing. Mechanical properties such as modulus and tensile strength are correlated to the internal structure and composition of
the fibers (Abdul Khalil et al. 2012). Natural fibers’ properties influenced by their
cellulose and its crystalline association or organization determine the mechanical properties (Bledzki and Gassan 1999). Researchers also found that the tensile
strength and Young’s modulus of plant fiber rise with increasing cellulose content of
the fibers (Aji et al. 2009). Table 4 shows the comparison of various mechanical and
physical properties of natural and synthetic fiber. Moreover, like other natural fibers
kenaf fibers have poorer thermal resistance and specific modulus and are cheaper
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Table 4 Comparison of mechanical and physical properties of natural fibers versus synthetic
fibers. (Source: Misnon et al. 2014, with permission)
Fiber

Density
(g/cm3)

Tensile
Young’s modstrength (MPa) ulus (GPa)

Elongation
Length
at break (%) (mm)

Diameter
(μm)

Bamboo

0.6–1.1

140–800

11–32

2.5–3.7

1.5–4

25–40

Jute

1.3–1.49

320–800

8–78

1.5–1.8

1.5–200

20–200

Kenaf

1.4

223–930

14.5–53

1.5–2.7

–

–

Flax

1.4–1.5

345–2000

27.6–103

1.2–3.3

5–900

12–600

Sisal

1.33–1.5

363–700

9–38

2.0–7.0

900

8–200

Hemp

1.4–1.5

270–900

23.5–90

1.0–3.5

5–55

25–500

Coir

1.15–1.46

95–230

2.8–6

15–51.4

20–150

10–460

Ramie

1.0–1.55

400–1000

24.5–128

1.2–4.0

900–1200 20–80

Abaca

1.5

400–980

6.2–20

1–10

–

–

Cotton

1.5–1.6

287–800

5.5–12.6

3.0–10.0

10–60

10–45

Bagasse

1.25

222–290

17–27.1

1.1

10–300

10–34

E-glass

2.5–2.59

2000–3500

70

2.5

–

–

Aramid

1.4

3000–3150

63–67

3.3–3.7

–

–

Carbon

1.4

4000

230–240

1.4–1.8

–

–

as compared to synthetic fibers. Kenaf bast fiber has considerably higher flexural
strength mutually associated with its outstanding tensile strength, making it perfect
material for a variety of collection of extruded, molded, and nonwoven products.
They are tough and hard enough to be a probable reinforcement fiber in polymer
composites. It was concluded that kenaf fiber has a strong interfacial adhesion with
polymers. All these properties make kenaf fibers superior over other natural fibers
such as oil palm (Yousif and El-Tayeb 2007, 2008), sugarcane (El-Tayeb 2008) and
jute (Chand and Dwivedi 2006). Furthermore, research shows that alkalizing the
kenaf fibers offered improved flexural strength, impact strength, flexural modulus, and strength modulus for polymeric composites (Nishino et al. 2003; Liu et al.
2007; Huda et al. 2008). Chemical treatment through acetic anhydride, silane, and
maleic anhydride also shows improvement in the properties of fibers such as dimensional instability. Table 5 shows the chemical composition of the kenaf fibers after
different treatments (Karimi et al. 2014) (Table 3).

Integrated Industrial Applications of Kenaf
The consideration and utilization of kenaf have been the matter of many investigations, studies, and projects since the late 1950s to explore it as an industrial
crop. Currently, the industrial use of kenaf fibers endures to expand its application
from its ancient and historic appeal as a cordage crop (twine, rope, and sackcloth)
to a variety of novel tenders including building materials, absorbents, paper products, and livestock feed, enabling it as a major industrial crop (Webber et al. 2002).
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Table 5 Chemical composition, diameter, and average diameter range of the kenaf fibers after
different treatments. (Source: Karimi et al. 2014)
Different treatments

RF/no method

Diameter
range (µm)

Average
diameter

Component (%)
Cellulose

Hemicelluloses

Lignin

15.5–148

55.18

61.2 ± 0.8

18.5 ± 1.5

12.9 ± 0.7

49.9–115.5

82.7

–

–

–

10–80

–

–

–

–

UBP/method

2.09–22.9

11.37– 40.7

82.3 ± 0.6

11.2 ± 1.5

2.6 ± 0.2

Alkali treatment

20–90

–

–

–

–

20.7–60.7

–

–

–

–

BP/method

1.94–21.1

10.56

91.8 ± 0.9

4.9 ± 0.4

0.5 ± 0.1

Bleaching process

8–14

11

–

–

–

7.4–11

9.2

–

–

–

8.58–12.68

10.63

–

–

–

BP Bleaching process; RF Water retted Kenaf bast fibers; UBP unbleached pulp

Figure 6 illustrated diverse application of kenaf in enhanced bio-composites and
lignocellulosic materials (Chen 2011). Moreover, the residues from its different
industrial processes can be utilized as energy sources. Kenaf’s inner woody core
fibers possess high absorbency and many researchers have investigated its uses in
diverse fields such as seats for the automotive industry, sewage sludge composting
as a bulking agent, particleboard in dashboards (Webber 1994), acting absorbent
(Goforth 1994), as animal bedding and poultry litter (Tilmon et al. 1988), as a potting soil amendment (Webber et al. 1999), and effectively used for toxic discarded
waste removal such as oil spills on water, waste cleanup, and the removal of chemically adulterated soil’s composition (Webber and Bledsoe 2002). Kenaf bast fibers
have noteworthy mechanical properties and are thus used in a variety of applications such as burlap bags, twine, sacks, ropes, canvas, cordage, carpets, industrial
and commercial fabrics, and plastics (Cheng et al. 2004). Kenaf fiber is nowadays
regarded as a standard and typical raw material in the production of particleboards,
animal feeds, paper, textiles, and fuel; some varied applications of kenaf fiber are
shown in Fig. 7 (Alexopoulou 2013). However, kenaf products’ prices are influenced by the procedure, specifications, and conditions. Novel attractiveness of kenaf and its products aretheir eco-friendly, strong, and very light nature (Chen et al.
2011). Table 6 display different application of kenaf plant and its fibres in pulp paper, panels, traditional cottage, adsorption agent, packaging materials, natural fuels,
and animal fodder and feeds.

Pulp and Paper
Kenaf is evidently a promising natural fiber, basic source for both, textiles and attire and industrial applications. Kenaf shows significant advantages, having small
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Fig. 6 Diverse and multiple uses of kenaf across industries (New Lightweight and Nanotechnology Enhanced Bio-composites from Lignocellulosic Materials, http://www.greenprospectsasia.
com/content/fibrous-kenaf, Accessed on 24 June 2014)

Fig. 7 Versatile kenaf applications. KENAF ( Hibiscus cannabinus L.) agronomy and crop management http://www.fibrafp7.net/Portals/0/05_Alexopoulou.pdf

Cleaning of liquid
leakages from
industrial plants

Used in horticulture and for flower
growing products

For controlling terrain erosion

–

–

Fine moldable
fiber mattresses

To make rigid
molded products
for industrial
applications

–

Wafer board, flakeboard, particleboard,
fiberboard

Super –calendered
writing and printing
paper

To make coarse cloth
(similar to that made
from jute)

Core used for soil
remediation (natural bioremedation)

To clean industrial
flooring

For instant lawns

Interior panels for
cars and planes

To make compost
from sullage

To make string, rope, For making filterand cord
ing products

For animal litter

Linen for roofs in felt
paper

Used to make
Pressed board

Used to prepare fine
coated paper

As padding material

Adsorbent agent

Materials for mattresses and furniture

Variety of decorative wall panels

Variety of writing and
printing paper

Traditional cordage

Variety of tissue paper, Compressed insuhandmade art paper
lating panels

Panels

Pulp paper and
cardboard

Green plants used as
fodder
Production of alcohol
from the byproducts
of animal litter

Kenaf biomass used
for burning
Production of ethyl
alcohol

Animal fodder and
feed

Production of ethyl
alcohol from animal
litter
Used to derive cellulose kenaf fibers

Black liquor, a byproduct of making
paper from kenaf
Used for both
electricity/heat and
second-generation
biofuels

For hamburger
wrapper
–

–

–

For poultry and cat
litter

To prepare the middlings for bird feeds

Use of seeds for the
production of oil and
extraction panels, for
reducing cholesterol
and heart diseases

For the production of
edible mushrooms

For wood fungus
Bags and fabrics Production of other
chemical products by inoculation
lingocellulosic conversion technologies

To make inert,
natural, biodegradable filler

For wrapping
gifts and handicraft products

Packing material Natural fuels

Table 6 Varied applications of kenaf plant and its fibers. (Source: http://www.kenaf-fiber.com/en/infotec-tabella4.asp. Accessed on 15th Sept, 2014)
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harvestable period and nonchlorinated bleaching techniques employed for its diverse applications. Kenaf has been regarded as an ultimate source of fiber for paper
and pulp industries because of its suitable and sufficient physical strength properties. Unlike hemp, whose longer fibers are most commonly used in textiles and
ropes, kenaf’s outer stalk has shorter fibers similar to the best softwood fibers and
thus its applications are limited in making papers and composites (Loynd 2010;
Ververis et al. 2004). The kenaf core particles are also explored as absorbents in
paper products like wipes, tissues, and hygienic products (Zaveri 2004). Kenaf fibers’ pulping (bast and core) also benefits the atmosphere as this procedure requires
smaller amount of energy and chemicals compared to the other typical pulping
procedures employed for woody fibers. The makeable greater lumen diameter and
negligible fiber thickness provide better pulp mat formation in the paper making
process; kenaf cell wall lumen is the best in pulp and paper processing techniques
(Abdul Khalil et al. 2010). Compared to hardwood, core pulp has a greater tensile
and burst strength but lower tear strength (Kaldor et al. 1990). Bark fibers deliver
good slenderness ratio compared to those softwoods and undoubtedly to most hardwoods (Ververis et al. 2004). Kenaf bark fiber papers have improved mechanical
strength and thus are appropriate for writing, printing, wrapping, and for packaging
material (Saikia et al. 1997; Neto et al. 1996). Nowadays, the whole stems are being
used to produce a pulp of high strength and better quality. Much more significant
practical and economic advantages appeared by using the whole stem as it is simple,
easy to process, and devoid of the supplementary separation expenses. Kenaf paper
is longer lasting, whiter, stronger, resistant to staining, and has better ink adherence
compared to conventional tree paper (Han et al. 1995; Kaldor et al. 1990). The
kenaf virgin fiber is also applied for increasing reprocessed paper excellence and
paper power or strength (Webber et al. 2002). Excellent quality of newsprint paper
could be made from whole kenaf stalks and kenaf pulp by mixing with conventional or traditional softwood pulps producing a wide range of paper grades (Kugler
1988). Furthermore, kenaf also reduces the cost and labor compared to the process
of making pulp from wood. Thus, the growing industry of kenaf paper leaves forests
undamaged while dropping energy consumption and industrial pollution, leading to
both ecological and commercial benefits (Anonymous 1994).
Magnetic Paper
Recently, researchers demonstrated the use of unbleached kenaf fibers for making
magnetic paper using chemical co-precipitation method through ferrous and ferric
compounds. It involves the precipitation and stacking of nano-sized ferrite particles
into the lumen of the kenaf fibers. Kenaf fibers with large lumen get integrated with
magnetic constituents apt for making paper for multiple printing papers, information
storage, electromagnetic shielding, etc. The cobalt compound for this type of coprecipitation is also being observed. Degree of loading of the kenaf fibers increases
the magnetic properties of the papers, which in turn increases with temperature and
stirring speed. Moreover, these fibers form good fiber–fiber bonding and the chance
of loss of paper strength owing to the filler is reasonable (Chia et al. 2008).
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Medium Density Fibreboard (MDF) Panels
MDF manufacturing from Kenaf bast fibres have several application in non-structural products. MDF panels are influenced by different factors including resin content, resin type, and moisture content on their physic mechanical properties are well
established. Research shows that resin type and moisture content have noteworthy
effect on the mechanical properties while resin content is the least significant (Ali
et al. 2014). These panels are often used in a variety of nonstructural applications
such as furniture, laminated floors, paneling, cabinet doors, and underlay of carpet
floors (Bowyer et al. 2007).

Animal Bedding and Poultry Litter
The use of waste core particles as absorbents in animal bedding material is their
most important and explored possibility. Kenaf core fibers are extensively used as
bedding material for horses, cattle, poultry, and rodents (Lips et al. 2009). These
absorbent materials fulfill some requirements of animals such as perfect absorption
features for urine, low dust content, nonedible, and nonirritating particles for their
hoofs and skin (K.E.F.I. 2006). Absorption values and water-retention characteristics for kenaf core particles are found to be up to 12 g water/g of small milled particles (38–1000 μm) and it competes with other natural absorbents and commercial
bedding materials like flax shaves, wood shavings, straw, and hemp core. Superior
water-retention values are shown by the bigger kenaf core particles; however, this
product contains higher amount of bast and coarse fibers found to be a perfect animal bedding material. Moreover, bigger kenaf core particles have the significant
water-retention properties compared to the marketable materials at both high and
low centrifugal forces. According to Lips et al. ( 2009), wood shavings absorb water
2.4 times of its own weight whereas kenaf core shows absorbency more than wood
shavings. Under high pressure, kenaf possesses higher water holding or retaining
capacity than wood shavings (Lips et al. 2009). Kenaf pith shows high water absorption features due to its cushioned structures and absorbs 20 times more water
than its own weight. Water-retention value even after high centrifugal forces is five
times (Lips et al. 2009). Kenaf bedding is carried in masses to ranch stock stores
and farm providing in wholesale to large consumers such as zoos, poultry, and farm
stables (Zhang 2003). In the USA, straw and wood shavings are regarded as inferior
bedding absorbing materials than kenaf core (Lips et al. 2009).

Microfiltration Membranes
The possibility of using kenaf ( H. cannabinus L.) nonwoody plant as the elementary and alternative material for making cellulose acetate membranes applied in pressure-driven processes used in microfiltration processes is being
studied nowadays (Radiman et al. 2008). Hardwood is usually used for making
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cellulose acetate membranes, but the consideration of using kenaf provides another
alternative resource from nonwood plants. The acetylated kenaf membrane displays
a more spongy arrangement and higher Young’s modulus value compared to that
obtained from commercial cellulose acetate because of its lower molecular weight.
Kenaf (nonwoods) is lesser in lignin and higher in silica and ash than the hardwoods
with comparable cellulose content (Barba et al. 2002). Thus, fewer chemicals are
involved in bleaching and cooking processes. Nonwoody kenaf plants require only
a few months to attain full growth compared to hardwood trees which take years
(Radiman et al. 2008). As shown in Table 7, the Young’s moduli of commercial
ones are lower than the kenaf membranes in all compositions. So, recently kenaf
applications in membrane technology (Radiman et al. 2008) received much attention (Table 6).

Adsorption Material
Recently, the use of raw natural agricultural and forest by-products as cheap adsorbent materials, to eliminate contaminated and heavy metals from wastewater, is
extensively studied as the unconventional manner of dealing with that of existing
expensive methods (Aydin et al. 2008; Demirbas 2008). Recent research studies
confirmed prospective use of core and bast fibers of kenaf to improve bioremediation (Borazjani and Diehl 1994), adsorption (Sajab et al. 2010, 2011), sound absorption, and thermal insulation (Sellers et al. 1994). Besides kenaf, several agricultural
by-products were previously used to confiscate heavy metals such as eucalyptus,
mushroom biomass, wheat bran, bark, rice husk, sunflower stalks, Ficus religiosa
leaves, fruit peel of orange, and waste tea leaves. Kenaf possesses decent tendency
to eliminate heavy metals from aqueous solution in batch studies (Hasfalina et al.
2010; Sajab et al. 2010).
Adsorption of Copper (II)
Cu (II) is toxic at high concentration but is vital for certain biosyntheses in human
body as micronutrient for both plants and animals but it could cause anemia and
Table 7 Young’s modulus of acetylated kenaf
and commercial cellulose acetate membranes.
(Radiman et al. 2008, with
permission)

Type of cellulose Cellulose acetate
Young’s modulus
acetate membrane concentration (wt. %) (107 N/m2)
Kenaf

Commercial

14

5.38

16

6.78

18

6.85

14

5.17

16

5.40

18

5.60
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stomach intestinal distress (Hasfalina et al. 2012), and might increase the risk of
cancer (Aydin et al. 2008) after exceeding normal standard level. Research works
investigated the successful use of kenaf in fixed-bed column for the adsorption of
copper (II) from aqueous solution (Hasfalina et al. 2012).
Adsorption of Hazardous Dye
Further, probable application of kenaf core fibers is the removal of hazardous dye
from wastewater. Citric acid (CA)-treated kenaf core fibers prepared via esterification in the presence of CA display greater adsorption proficiency towards methylene blue (MB). About 131.6 mg/g of maximum adsorption capacity was achieved
for the CA-treated kenaf core fibers. The study also cleared that treated kenaf core
fibers have higher adsorption capacity towards MB, compared to untreated kenaf
core fibers. Table 8 summarizes the maximum capacity of adsorption ( Q0) of the
CA-treated kenaf core fibers with different adsorbent materials. CA-treated kenaf
core fibers’ heavy metal ions uptake or adsorption capacity is equivalent to that of
other bio-adsorbents (Sajab et al. 2011).
Oil and Chemical Absorbents
The kenaf core is a perfect absorbent to clean up oil spills and chemicals alike.
Kenaf absorbs oil before taking on water making the product to float on the surface enabling easier assembly. The obtained product is nonabrasive, more effective, nontoxic than conventional remedies like clay and silica. In Texas oil fields,

Table 8 Comparison
of maximum adsorption
capacity ( Q0) of the kenaf
core fibres with other materials towards methylene
blue (MB). (Source: Sajab
et al., 2011)

Bio-adsorbent
Peanut hull

Maximum adsorption capacity,
Q0 (mg/g)
161.3

Poplar sawdust

153

Rejected tea

156

Mango seed kernel powder

153.846

Jute processing waste

22.47

Wheat shells

16.56

Rice husk

40.6

Garlic peel

142.86

Meranti sawdust

158.73

Hazelnut

76.9

Cherry sawdust

39.84

Oak sawdust

29.94

Kenaf core fibres

131.6
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this product absorbs coolant spills, gasoline, diesel, and transmission fluid. In some
places, it is used for personal garages along with bulk applications such as oil rigs,
clean-up operations in land, sea spills, and refineries, utility companies, storage terminal industries, and for refueling applications in military field (Sellers et al. 1993).

Biologically Active Acidic Oligosaccharides
The major hemicellulose (hemicellulose A and hemicellulose B) from kenaf consists of a β-(1 → 4)-d-xylopyranose backbone with 4-O-methyl-glucuronic acid
side chains at the two-position of many xylose units (Duckart et al. 1988; Neto
et al. 1996) obtained by a series of sequential extractions. It has 92–94 % xylose
content and analogous spectral profile to a classic hardwood birch wood xylan
(Nacos et al. 2006). Neutral and acidic xylo oligosaccharide results from hydrolysis of xylan with suitable enzymes. Achieved xylooligosaccharides are used as
constituent elements in pharmaceuticals, cosmetics, food, or agricultural products
(Vasquez et al. 2000). Acidic xylooligosaccharides also display exciting functions
as growth regulators in plants, acclimatization bioregulators (Katapodis et al.
2003), regulating certain biological activities, and as antibacterial sterile agents
(Christakopoulos et al. 2003).

Geotextiles
Geotextiles are textile-like materials used to improve soil structural performance
used for short term (6 months to 10 year) for mulching, absorption, as soil filters,
and for erosion control. Kenaf fiber-based geotextiles compete with polymeric geotextiles on both technical and commercial grounds; only the need is to increase their
competitiveness, with the biggest market share mainly focused on jute, coir, and
sisal fibers (Leão et al. 2012). Forest Products Laboratory’s (FPL) initial effort is to
use kenaf as a staple fiber in nonwoven geotextiles.

Reinforcements in Composite
The natural fiber polymer composites have become the attractive centers for the
research community since the past few decades (John and Thomas 2008). Natural
fiber-reinforced composites are proposed to substitute synthetic fiber-based composites due to several advantages such as renewability, less abrasiveness to equipment, high specific properties, biodegradability, and low weight and cost (Frone
et al. 2013; El-Shekeil et al. 2012), thereby creating a positive environmental
impact (John et al. 2010). Kenaf fiber is regarded as one of the most important
natural fibers, and is getting much attention from the composite industry as the potential polymer reinforcement fiber. Kenaf fibers have lower thermal resistance as
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compared to synthetic fibers, similar to other natural fibers. The application of mature kenaf bast fibers in fiber-reinforced thermoplastic composites involves separation of the core from the bast fibers (Lips et al. 2009). Compared to other parts of
the kenaf plant, its bast fiber has enhanced mechanical properties. The addition of
kenaf fibers improved the mechanical properties of neat polymers considerably. A
study by researchers indicated enhancement in flexural and impact strength, tensile
as well as stiffness of the composites when reinforced with kenaf fibers (Anuar
and Zuraida 2011). In another research it was also observed that composite kenaf
sheets/poly-L-lactic acid (PLLA) obtained has large mechanical anisotropies such
as Young’s modulus and tensile strength (Nishino et al. 2003). In another research
work, addition of kenaf fibers into the epoxy, thermal study results showed that it
slightly improved both the thermal and charring stability of the samples. Alkalization also causes declination in the properties for the kenaf/epoxy composite (Azwa
and Yousif 2013). Kenaf bast fiber-reinforced poly(vinyl chloride) (PVC)/thermoplastic polyurethane (TPU) poly-blend (PVC/TPU/KF) composites have shown
lower tensile strength and strain with increase in fiber content whereas impact
strength and thermal stability were decreasing with increase in fiber content (ElShekeil et al. 2014). Kenaf fiber-reinforced composites show wide feasible applications for cell phone shells comprising 15–20 % kenaf fibers (Aji 2008). Another
illustration is in the automobile parts industry like Toyota RAUM, equipped with a
spare tire cover composed of kenaf fiber composites (Anonymous 2007). Some of
the important reported works on the kenaf fiber as a reinforcement and filler in the
various composites are tabulated in Table 9.

Automobile Industries
The rising efforts, awareness, and recent trend towards sustainable product design,
enable natural fiber materials to substitute synthetic-based fiber in the preparation
of composites exclusively for automotive organizational and semi-structural applications. Several locomotive parts and their components prepared formerly by glass
fiber composites are recently being mass-produced using environmentally friendly
composites (Dahlke et al. 1998; Leao et al. 1997). Among the natural fibers, kenaf received greater attention from the scientists and auto-industries as all its parts
could be perfectly applicable by forming composites with a variety of resins or
polymeric matrices. Figure 8 shows the pathway of using kenaf components but
their lower mechanical strength and hydrophilic nature restricted their submission
particularly for aesthetically associated locomotive components such as interior accessories, floor pan, and dashboard. Natural-based fiber is combined with syntheticbased fiber such as glass fiber within the same matrix, to develop hybrid polymer
composites, to overcome this problem (Davoodi et al. 2010; Kumar et al. 2010;
Rao et al. 2011). Kenaf bast fiber scored the highest priority value of 0.129 or
12.9 %, followed by pineapple leaf fiber (0.114), oil palm empty fruit bunch (EFB)
fiber (0.097), and many other types of natural fibers based on the overall design
analysis (Mansor et al. 2013). Thus, analytical hierarchy process (AHP) method
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Table 9 Reported work on kenaf fiber as reinforcement in composite
Reinforcement

Matrix

Reference

Kenaf fiber

HDPE

Salleh et al. 2014

Treated and untreated kenaf

Epoxy

Yousif et al. 2012

Kenaf fiber

Poly(furfuryl alcohol) bioresin

Dekaa et al. 2013

Kenaf/fiberglass

Polyester

Ghani et al. 2012

Short fibers nonwoven kenaf Polypropylene

Asumani et al. 2012

Long kenaf/woven glass

Unsaturated polyester

Salleh et al. 2012

Kenaf bast fibers

Polypropylene (PP) blended with
(TPNR) and (PP/EPDM).

Anuar and Zuraida 2011

Kenaf fibers

Polyurethane

Batouli et al. 2014

Kenaf fibers in polylactide

Polylactide

Lee et al. 2009

Kenaf–polypropylene

Kenaf–polypropylene

Johna et al. 2010

Kenaf

PLA

Ochi 2008

Kenaf-glass

Unsaturated polyester

Atiqah et al. 2014

Kenaf fibers and corn husk
flour

Poly(lactic acid)

Kwon et al. 2014

Nonwoven kenaf

Polypropylene

Hao et al. 2013

Kenaf fibers

Polypropylene

Shibata et al. 2006

Alkali-treated kenaf fibers

PLA

Shukor et al. 2014

Kenaf fibers

Cassava starch

Zainuddin et al. 2013

Kenaf/glass

Epoxy

Davoodi et al. 2012

Kenaf/glass

Epoxy

Davoodi et al. 2010

Kenaf sheets

PLLA

Nishino et al. 2003

Kenaf fibers

Polyurethane

El-Shekeil et al. 2012

Kenaf fiber

Polypropylene

John et al. 2010

TPNR thermoplastic natural rubber, EPDM ethylene propylene diene terpolymer, PLA poly (lactic
acid), PLLA poly-L-lactic acid

and sensitivity analysis recommended kenaf bast fiber as the perfect and most suitable applicant material to prepare the hybridized glass fiber polymer composites for
the automotive component construction such as the design of center lever parking
brake component. Figure 9 shows the three-dimensional (3D) computer-aided design (CAD) model of a commercial passenger vehicle center lever parking brake design from kenaf glass fiber hybridized composite (Mansor et al. 2013). In the other
study, hybrid kenaf/glass epoxy composites are utilized in locomotive operational
components such as bumper beam by improving the impact property (Davoodi et al.
2010). Bumper system is shown in Fig. 10a with its three main elements, fascia,
energy absorber, and bumper beam (Sapuan et al. 2005). Harusmas Agro Sdn. Bhd.
(HASB) based in Sabah, Malaysia, initiated a kenaf project back in the year 2000.
HASB is currently developing kenaf fibers to replace glass fibers in exterior automotive parts such as front and back bumpers (Khan 2011). Figure 10b shows the
kenaf bumper. In another important study, commercialization of door trims using
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Fig. 8 Toyota's organic car from Kenaf http://www.kenafibers.com/users_toyota.html (Accessed
on 29th August)

Fig. 9 3D CAD model of a commercial passenger vehicle center lever parking brake design in
a assembly view, and b exploded view. CAD Computer-aided design. (Mansor et al. 2013, with
permission)
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Fig. 10 a Bumper system components (Davoodi et al. 2011, with permission); b Kenaf bumper.
(Source: Kenaf, a fibre for the future: the Harusmas experience. http://www.jeccomposites.com/
news/composites-news/kenaf-fibre-future-harusmas-experience)

kenaf and petroleum-derived polypropylene (PP) resin is made and Fig. 11 shows
the door trim using kenaf base material. This combination reduced the weight while
retaining the same level of durability as conventional products although achieved
by establishing a unique technology to realize a high level of shock resistance and
heat resistance (Toyoto 2014). Another research involves the formulation of biodegradable composite using kenaf base material with biodegradable polylactic acid
(PLA) resin to develop spare tire covers and deck board (Fig. 12) which is more
environmentally friendly (Fig. 7).

Preparation of Activated Carbon
Recently, agricultural and forest by-products are drawing great contemplation as
unconventional feedstock for fabrication of activated carbons (ACs) due to their

Fig. 11 The door trim using kenaf base material. (Source: Commercialization of door trims using
kenaf and polypropylene (PP). http://www.toyota-boshoku.com/global/about/development/eco/
kenaf/)
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Fig. 12 Deck board using
kenaf base material, spare
tire cover base material made
from kenaf and PLA. PLA
Poly(lactic acid) http://www.
toyota-boshoku.com/global/
about/development/eco/
kenaf/

easy availability, sustainability, and low cost (Thio et al. 2009, Hameed et al. 2009
and Chen et al. 2011). Kenaf core fiber has comparatively higher lignin content and
low ashes (Akil et al. 2011), making it a favorable feedstock for fabrication of superior quality of AC on a commercial scale for cost-effective value. Aber et al. (2009)
defined the activated carbon fiber (ACF) preparation from kenaf cloth (i.e., kenaf
bark fibers) by carbonization trailed by K2HPO4 activation to attain highest specific
surface area of 493 m2/g. Recently potassium oxalate (K2C2O4) was also recommended as an effective and promising activating agent for preparing high-surfacearea ACs from kenaf core with perfect dye removal capacity (Chen et al. 2013).

Construction and Housing Industry
Wood and wood-based products can be replaced by kenaf/plastic compounds which
are molded into lightweight panels in several applications. This is the first and
economically priced plastic lumber for use as constructing materials in housing
industry as an engineered material. Moreover, it is also used to make a strong, lightweight, cement block with great insulation and effective fireproof properties. Kenaf
core blocks are nowadays used to construct multistory and solitary family homes,
deprived of power tools.

Stoves in Cooking Mode
Kenaf Stove is premeditated for high-proficiency cooking and biochar (a form of
charcoal) production as it is low cost, smokeless, and safe. The Kenaf Stove burns
kenaf in an oxygen-poor atmosphere, thereby in a cleaner condition, with longer
existence and certainly smoke-free fire.

Food Packaging Industry
Kenaf/plastic compound pellets are casted into a variety of commercial food storage
containers—non-food-related packaging, including bulk pharmaceutical drugs and
chemical packaging, disposable packaging, and packaging parts of the electronics
and electrical industries for large consumer appliances (Zhang 2003).
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High-Protein Source Feed
Livestock Feed
Although kenaf is a fiber crop and used by the fiber industry, the whole immature
kenaf plant, stalk (core and bark), and leaves could be considered as high-quality
livestock feed (Phillips et al. 1996). Crude protein in kenaf leaves, stalk crude,
and whole plant ranged from 14 to 34 %, 2 to 12 %, and 6 to 23 %, respectively
(Killinger 1969; Suriyajantratong et al. 1973; Swingle et al. 1978). Kenaf leaves
consist higher quantity of nitrogen compared to stalk, during the growing season
(Phillips et al. 2002). Kenaf has reasonable digestibility with great percentage of
digestible protein and hence can be ensilaged efficiently. Dried kenaf leaves are
turned into different-sized pellets as high-protein feed source for chickens, rabbits,
fish, and goats. Chopped kenaf meal is also used for sheep and Spanish goats as a
supplement. Alfalfa hay in the finishing diets of lambs can be replaced by kenaf hay
without affecting lamb routine or feed intake. Kenaf provides more flexibility than
perennial crops to fabricators in managing integrated livestock-cropping enterprises
(Phillips et al. 2002). Another study has demonstrated that the apical part of the
kenaf plant that is harvested at full bloom can be ensiled and silage of satisfactory
quality with good fermentation characteristics could improve the nutritional characteristics of the forage obtained, leaving the lower part for use by the paper industry
(Xiccato et al. 1998).
Human Feed
Whitten variety of kenaf leaves are edible within 10 days of planting, are rich in
protein, that is, about 34 %, and are delicious. Kenaf leaf recipes are important edible items in Haiti and used extensively in salads, soups, boiled like spinach, or
added to rice, and can also be used for baking (Cross 2014). Kenaf seed oils displayed greater antioxidant activity compared to all traditional edible oils ( P < 0.05)
because of the considerable unique composition and oil content of kenaf seed oil.
Thus, it becomes an unconventional, cost-effective, and tremendous source of solvent-free vegetable cooking oil with extraordinary antioxidant properties for human
consumption (Chan and Ismail 2009).

Medical Application
Kenaf from historic times is recommended in customary folk medicine in India
and Africa (Agbor et al. 2005; Kobaisy et al. 2001). Kenaf consists of several active components including polyphenolics, tannins, saponins, alkaloids, essential
oils, and steroids (Yazan et al. 2011). From the very past it is used to treat bilious
conditions, bruises, puerperium, and fever. Kenaf seeds contain phytosterols such
as β-sitosterol, alpha-linolenic acid (ALA), vitamin E, and other antioxidants with
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chemopreventive properties. The oils obtained by Soxhlet, sonication, and supercritical carbon dioxide fluid extraction (SFE) processes are found to be cytotoxic
towards ovarian cancer (CaOV3) and colon cancer (HT29) cell lines via the induction of apoptosis. They are recently being used to detect the early colon carcinogenesis in vivo by virtue of their bioactive compounds (Yazan et al. 2011; Ghafar
et al. 2012). The seed oil of kenaf contains ALA, an originator of eicosanoids that
have antithrombotic activity, and are anti-inflammatory (Ruiz et al. 2002) and chemopreventive agents (Williams et al. 2007). Moreover, kenaf seed oil also consists
of phytosterol showing antioxidant, anticancer, and lipid-lowering cholesterol properties (Kritchevsky and Chen 2005; Berger et al. 2004). A noteworthy ( P < 0.05)
increase in the red blood cell count, packed cell volume, and hemoglobin concentration against anemic condition is observed by the kenaf leaf extract (Agbor et al.
2005). This study shows the antioxidant properties of crude ethanolic extract (CEE)
of defatted kenaf seed meal (DKSM) and its derived n-butanol (BF) and aqueous
fractions (AqF). High-antioxidative phenolic compounds and saponins could be extracted from DKSM which is a prospective active ingredient that is multifunctional
and applied in functional foods, nutraceuticals as well as natural food stabilizers
recently (Chan et al. 2014).

Essential Oils and Volatiles from Leaves
Researchers explored that kenaf plant is a vital source of naturally occurring allelopathic chemicals having the tendency to inhibit weed seed germination and their
growth, thus providing a harmless and profitable method of hindering weed rivalry
in both vegetables and agronomic crops. The kenaf leaf essential oil is found to be
phytotoxic to bent grass ( Agrostis stolonifera L., Poaceae) and lettuce ( Lactuca
sativa L., Asteraceae), and it also showed antifungal activity against Colletotrichum
species ( Colletotrichum fragariae, C. gloeosporioides, and C. accutatum) which
can cause anthracnose symptoms (Webber and Bledsoe 2002). Extracts from kenaf
(stalks and leaves) abridged germination of redroot pigweed ( Amaranthus retroflexus L., Amarathaceae) by more than 50 % and to a smaller extent for tomato
( Lycopersicon esculentum Mill., Solanaceae) and Italian ryegrass ( Lolium multiflorum Lam., Poaceae) (Russo et al. 1997). The filtration characteristics of ground,
inert, loose particles of identical size and structure of kenaf core formed during the
fabrication of kenaf bast fibers for paper are investigated for certain leaching and
filtration applications towards dissolved solids (Lee and Eiteman 2001). Moreover,
a study also found that kenaf and commercial diatomaceous earth (DE) possess similar filtration characteristics. Prospective application of ground kenaf core due to
its inertness, insolubility, light density, low expenditure, and homogeneity includes
the aid in filtration of swimming pool water, drinking water, or in sugar refineries,
breweries, and other industrial settings (Dickey 1961).
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Fuel and Bioenergy Production
Biomass is abundant and it can be considered as an alternative source of renewable
and sustainable energy, which promises to fulfill continuous supply of energy. Agricultural biomass such as industrial kenaf ( H. cannabinus L.) has been successfully
investigated as a great potential to be used as a renewable and sustainable feedstock
for the production of bioenergy. High-capacity processes for the conversion of plentifully available biomass into liquid biofuels are needed for lowering reliance on
petroleum sources.
Biofuel Production
Biomass as an entirely renewable and extensively distributed resource is being
progressively used for the production of biofuels, chemicals, and many materials
(Klass 1998; Huber et al. 2006). In another research work, liquefaction of kenaf
biomass and its dried subcritical water hydrolysate and subcritical water non-hydrolyzed residue fractions were investigated in the presence of tetralin solvent under
hydrogen pressure (Meryemoglu et al. 2014) (Fig. 13). The results of the present
study show that kenaf can be a good alternative source for fuel production by liquefaction. Liquefaction of kenaf biomass, its dried hydrolysate, and non-hydrolyzed
kenaf residue produced same compositions of the oils but in different amounts. The
oils consisted of fuel-related compounds (Meryemoglu et al. 2014).
Anaerobic Digestion
Kenaf may be subjected to anaerobic digestion to produce methane even though
hemp and kenaf produced the same amount of methane yield per hectare. It is estimated that higher cellulose and less lignin content in kenaf biomass make it an
advantageous feedstock for biogas production (Muhammad et al. 2013).

Fig. 13 Bio-oil from kenaf biomass (Meryemoglu et al. 2014, with permission)
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Biohydrogen
The emergence of biohydrogen as a substitute fuel has now attained growing acceptance and attractions (Koroneos et al. 2008). Being the member of bioenergy,
biohydrogen fuel is another important source of energy. Several feedstocks, such
as lignocellulosic biomass, are used to produce biohydrogen. Kenaf produces considerably higher biomass but not explored as a potential feedstock for biohydrogen
production as compared to maize and rice (Pakarinen et al. 2011). Hydrogen-rich
gas mixture production from solubilized lignocellulosic biomass of kenaf in subcritical water and aqueous phase in the presence of Pt (platinum) on activated carbon
are well-defined methods. Kenaf biomass produced small quantities of gas mixture
by thermo-catalytic conversion. However, it is found to be very suitable for thermocatalytic decomposition for the hydrogen production (Irmak and Öztürk 2010).
Solid Fuel
Kenaf biomass is used as a solid residue through pretreatment and hydrolysis. Kenaf
can also be used as a fuel for combustion in boilers as a cheap bioresource biomass
(Abbasi and Abbasi 2010; Tock et al. 2010; Sami et al. 2001; Kamm 2004). Kenaf
biomass fuel offers significant advantages as a combustion feedstock because of its
high volatility and high reactivity even of the resulting char (Demirbas 2005). The
strength and tenacity of the biomass combustion deposits are more than the deposits
of coal, thus making it more difficult to remove (Sami et al. 2001).

New Application of Kenaf Fiber
A new high-end use for kenaf was discovered when it was blended with cotton to
convert them into fabric and yarn. These lightweight blend fabrics are appealingly
attractive, having a linen look, pleasing, and soft to touch (Anonymous 2014). LG
and Samsung employ kenaf powder for investigating as alternative materials for
laptop covers and mobile phones. An armor factory in Malacca province of Malaysia is engaged in performing research work on blending kenaf with Kevlar to create
a sort of brighter bulletproof vest. In another project, manufacturers are willing to
use kenaf fibers for geotextiles applied for erosion control. Kenaf core is also being
useful for soil remediation for hydrocarbonate infestations.
An industrial unit in Sabah, Malaysia, is organizing to intermix the kenaf with
EFB fiber for forthcoming fabrication. The Malaysian Timber Industry Board
(MTIB) of Malaysia reported that kenaf is being used for making pulp and paper
in the USA, jeans in Mexico, China, and Thailand, indoor panels and other interior
components for high-end cars like BMW and Mercedes Benz, and in composite
materials for the building or construction industry (Chen et al. 2011). Recently,
business corporations like Sony, Apple, The Nature Co., Warner Bros., Recreational
Equipment Inc. (REI), J.C. Penny, The Gap, Esprit International, and Birkenstock

Potential Utilization of Kenaf Biomass in Different Applications

27

are under way to consume kenaf paper for catalogs and many other related purposes. Major printing and graphics firms such as Anderson Lithographics, Kinkos,
George Rice and Sons, and Ventura Printing are ready to offer printing services on
kenaf paper. Kenaf paper is recently being utilized by major publisher companies,
industries, corporations, and printing and graphics firms.

Conclusions
The crop has instigated to fascinate much interest and attention in the last decade,
attributed to the growing concerns of global warming and the rising price of petroleum-based products. Kenaf, regarded as the fiber crop of the twenty-first century,
is a renewable and sustainable alternative with a short gestation period of only 4
months, is exploding commercially for industrial products. The manifold beneficial
components (e.g., stalks, leaves, seeds, fibers and fiber strands, oils, allelopathic
chemicals, and proteins) of kenaf core are well established. Kenaf matures only
within 5 months, is eco-friendly, tolerant of environmental and drought stress, making it a versatile encouraging and economic crop for industrial applications in the
upcoming years. The commercial and profitable achievement of kenaf crop reflects
prospective economic and environmental benefits in the different sectors of lethal
toxic waste cleanup, removal of oil spills from water, and soil remediation. Besides
these, successful efforts are also made towards the amounts of chemical and energy
used in soil erosion due to wind and water and in paper production. Moreover,
the potential of replacing synthetic polymers to reduced use of fiberglass, greater
recycled paper quality, and timber in industrial products, along with the increased
use of recycled plastics, are its additional applications. The versatile and diverse
applications of kenaf plants and their different portions in varied sectors require a
superior considerate of its components and the various issues influencing the plant
composition. The activities of several isolated and private industries amplified by
agrarian research and studies endured to offer a different variety of innovative kenaf
products. These are used to encourage in highlighting the flourishing and bright
future for the persistent extension of kenaf as a commercially profitable industrial
crop.
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