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Abstract: Kenaf belongs to the family Malvaceae noted for their economic and horticultural importance. Kenaf seed
is a valuable component of kenaf plant. For several years, it has been primarily used as a cordage crop and secondarily
as a livestock feed. The potential for using kenaf seeds as a source of food-based products has not been fully exploited.
Consumers are becoming more interested in naturally healthy plant-based food products. Kenaf seed, the future crop
with a rich source of essential nutrients and an excellent source of phytocompounds, might serve suitable roles in the
production of value-added plant-based foods. At present kenaf seed and its value-added components have not been
effectively utilized for both their nutritional and functional properties as either ingredient or major constituent of food
products. This review focuses on the possible food applications of kenaf seed and its value-added components based on
their nutritional composition and functional properties available in literature, with the purpose of providing an overview
on the possible food applications of this underutilized seed. The review focuses on a brief introduction on kenaf plant,
nutritional function, lipids and proteins composition and food applications of the seed. The review elaborately discusses
the seed in terms of; bioactive components, antioxidants enrichment of wheat bread, antimicrobial agents, as edible flour,
as edible oil and a source of protein in food system. The review closes with discussion on other possible food applications
of kenaf seed. The need for food scientists and technologists to exploit this natural agricultural product as a value-added
food ingredient is of great significance and is emphasized.
Keywords: composition, food application, functional properties, kenaf seed, potential

Introduction
Kenaf (Hibiscus cannabinus L.) is a short day, yearly herbaceous fiber crop belonging to the family Malvaceae (H’ng, Khor,
Tadashi, Aini, & Paridah, 2009). The Malvaceae family is noted
for their economic and horticultural importance (Akinrotimi &
Okocha, 2018). Kenaf belongs to the genus Hibiscus, which is
widespread and comprises more than 200 species which are annual
or perennial (Hassan, Bhuyan, Islam, Hoque, & Monirul, 2018).
Kenaf is related to Cotton (Gossypium hirsutum L.), jute (Corchorus
Spp.), and Okra (Abelmoschus esculentus L.) (Webber, Bhardwaj, &
Bledsoe, 2003) (Figure 1). Kenaf is one of the most important fiber
crop in the world (Akinrotimi & Okocha, 2018). It is composed of
diverse types of useful components such as stalk, leaves and seeds
with various useful portions namely fibers, fiber strands, proteins,
oils, and allelopathic chemicals (Akinrotimi & Okocha, 2018).
The attributes of these components enable plentiful product types
to be obtained and for continued use and development (Mostafa,
Rahaman, & Ghosh, 2013; Su, Chen, & Lin, 2004). Kenaf can be
grown under ample weather condition (Rowell, Sanadi, Jacobson,
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& Caulfield, 1999). It can grow up to 2.5 to 4.5 m tall with a base
of wood. Kenaf is historically used as a cordage crop (rope, twine,
and sackcloth) and its commercial uses evolved to other different
uses such as absorbents, paper products, building materials and
animal feed. Kenaf consists of four important useful components;
seeds, stems, leaves, and flowers (Figure 2). Each of these components has different uses. The kenaf stems can grow up to 1 to
2 m in length. The leaves are 10 to 15 cm long, the flowers are
8 to 15 cm in diameter which could be white, yellow, or purple;
either white or yellow. The center is normally dark purple. The
fruit is a capsule 2 cm in diameter, containing many seeds. The
kenaf leaves which are rich in antioxidants and phenolic contents
are used as vegetable (Ryu et al., 2017). The seed which was
previously considered as waste material has been reported to contain high quantities of antioxidants rich oil (Chan & Ismail, 2009;
Ryu et al., 2017). Due to its unique composition kenaf seed has
been used as an alternative derivative of edible oil for human consumption (Chan & Ismail, 2009; Cheng, Akanda, & Nyam, 2016;
Mariod, Fathy, & Ismail, 2010; Mohamed, Bhardwaj, Hamama,
& Webber, 1995).
The components of kenaf have been recognized as an essential plant-based medicine more particularly in Asia due to their
functions (Alexopoulou, Papattheohari, Christou, & Monti, 2013;
Ryu et al., 2013; Odetola & Erubvetine, 2012). The seed has been
reported as a source of edible oil (Cheng et al., 2016; Kubmarawa,
Andenyang, & Magomya, 2009). Some studies have shown that
the components of kenaf seed could be used for the innovation of
functional food products, livestock feed, and medicinal purposes
(Chan, Khong, Iqbal, Mansor, & Ismail, 2013; Mariod et al.,
2010; Nyam, Tan, Lai, Long, & Man, 2009; Yusri, Chan, Iqbal,
& Ismail, 2012). Figure 2 shows the major constituents of kenaf
plant and their individual composition. Due to the nutritional and
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Figure 1–The images of kenaf and its
similar plants. (Sources: Mierzejewski,
2016; Bloom, 2017; Karim, 2018).
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phytochemical compounds present in the distinct parts of kenaf
plant most especially the seed and the leaf (Alexopoulou et al.,
2013; Jin et al., 2013; Ryu et al., 2013; Odetola & Erubvetine,
2012; Nandagopalan, Johnson Gritto, & Doss, 2015; Obouayeba,
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Figure 2–Composition of different parts of
kenaf plant. (Adapted from Karim, 2018
after permission from Lembah Chuping
Malaysia plantation to take image
photographs).
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Diarrassouba, Soumahin, & Kouakou, 2015; Ryu et al., 2017),
they could be used as potential ingredients or major components in food products such as appetizer, food fortificants, antioxidant factors, aphrodisiacs, nutraceuticals, and other technological

applications (Alexopoulou et al., 2013; Khare, 2007; Kubmarawa
et al., 2009). Also, due to the important chemical constituents,
phytocompounds and antioxidants in kenaf seed (Chan & Ismail,
2009; Holser, Bost, & Van Boven, 2004; Kim et al., 2018; Kim,
Tsao, Yang, & Cui, 2006; Michotte et al., 2011), several efforts
have been made by researchers to exploit the bio-active compounds and other potential functional properties of the seed in the
production of highly nutritious food products. Reviews on kenaf
seed and its potential food applications are limited, hence this review focuses on a brief introduction of kenaf seed, including its
nutritional composition, functional properties of its constituents
and the potential food application.

Nutritional Functions of Kenaf Seed
Kenaf seeds have many nutritional functions and could be used
as a valuable natural source of ingredient for production of functional foods. Kenaf seeds are an important source of dietary fibers,
oil and proteins. The oil has been suggested to be used as a new
source of functional edible oil with high antioxidant activity (Chan
& Ismail, 2009; Kritchevsky & Chan, 2005) and anticancer properties (Foo, Yazan, Chan, Tahir, & Ismail, 2011; Ghafar, Yazan,
Tahir, & Ismail, 2012; Yazan et al., 2011; Yazan, Foo, Chan, Tahir,
& Ismail, 2011a). Several researchers have reported the value of
kenaf seed-derived products like kenaf seed flour (KSF), defatted kenaf seed meal (DKSM) and kenaf seed protein concentrates
(KSPC); they have health supporting activities (Chan et al., 2013;
Mariod et al., 2010; Mariod, Ibrahim, Ismail, & Ismail, 2012;
Zawawi et al., 2014). The potential of kenaf seed as a source of
functional edible oil seems to be excellent (LeMahieu, Oplinger,
& Putnam, 2003; Mohamed et al., 1995; Chan & Ismail, 2009;
Cheng et al., 2016; Nyam et al., 2009; Yanzan et al., 2011a) as it
contains alpha-linolenic acid, an essential omega-3 fatty acid with
anti-inflammatory and antithrombotic activities (Ruiz, Dobson,
Brennan, & Gordon, 2002) and also chemo-preventive activity
(Williams et al., 2007). The relatively high oil composition like
that of cottonseed oil, and appreciable quantities of phospholipids
and phytosterols suggest that kenaf oil can be used for culinary
purposes and the seeds could serve feed and food purposes (Chan
et al., 2013; Mariod et al., 2010; Mohamed et al., 1995; Nyam
et al., 2009). Researchers have shown interest in isolating the
bio-active components (phytosterol) of kenaf seed oil for the production of healthy and nutritious foods (Holser et al., 2004). The
phenolic and flavonoid compounds present in kenaf seed have
been reported as potential inhibitors of angiotensin I-converting
enzyme and in the peroxidation of lipids (Jin et al., 2013; Abd
Ghafar, Ismail et al., 2013).
Chan et al. (2013) suggested the significance of DKSM as an
alternative source of dietary protein. Mariod et al. (2010) reported
that protein concentrates prepared from DKSM exhibit satisfactory functional properties and are suitable to be used as functional ingredients in food products. DKSM contains reasonably
high amounts of total phenolic compounds which could be used
in functional food industry (Kamath, Chandrashekar, & Rajini,
2004; Kim et al., 2006) as phenolic compounds such as flavonoids
and phenolic acids are strong antioxidants against food lipid peroxidation (Shahidi & Naczk, 2003). Vital phenolic compounds
of DKSM have been reported as playing the roles of powerful
antioxidants in different foods and when tested in experimental animals (Jeon et al., 2007; Michotte et al., 2011; Sroka &
Cisowski, 2003). Thus, the addition of DKSM to food products
could offer beneficial effect against lipid deterioration during food
processing and storage; as it prevents free radicals chain reactions

of lipid peroxidation in food products. Chan et al. (2013) report
that DKSM is an effective secondary antioxidant as it can prevent
the decomposition of hydroperoxides. The study also suggests the
use of DKSM as a functional food ingredient, as food preservatives
and in nutraceutical formulations due to its potent antioxidative
properties.

Lipids Composition of Kenaf Seed
Fatty acids content of kenaf seed is a well-studied area and several researchers have reported that high values of crude lipid of kenaf seed ranging from 20.4% to 24.8% (Alexopoulou et al., 2013;
Chan & Ismail, 2009; Kim et al., 2018; Mariod et al., 2010; Nyam
et al., 2009) higher than the oil content of roselle seed <20.0%
(Bouanga-Kalou et al., 2011; Ismail, Ikram, & Nazri, 2008; Nyam
et al., 2009; Nzikou et al., 2011; Wang, Morris, Tonnis, Davis,
& Pederson, 2012) and lower than that of hemp seed from 27.6%
to 30.6% (Vonapartis, Aubin, Seguin, Mustafa, & Charron, 2015).
Kenaf seed oil has been characterized (Alexopoulou et al., 2013;
Mariod et al., 2010) as an attractive alternative source of edible
oil, rich source of unsaturated fatty acids such as oleic, linoleic,
linolenic, and also containing important steroids and tocopherols.
The polyunsaturated fatty acids content of kenaf seed is similar to
that of Roselle seed oil (Mohamed, Fernandez, Pineda, & Aguilar,
2007). Palmitic acid is the major saturated fatty acids, whereas
oleic, and linoleic acids are predominant unsaturated fatty acids
in kenaf seed oil (Alexopoulou et al., 2013; Mariod et al., 2010;
Mohamed et al., 1995; Webber III & Bledsoe, 2002) similar to the
fatty acid composition of Roselle seed oil (Bouanga-Kalou et al.,
2011; Ismail et al., 2008; Karma, Chavan, Nimbalkar, & Kahar,
2017; Nyam et al., 2009; Nzikou et al., 2011; Wang et al., 2012)
and that of hemp seed oil (Chen et al., 2010; Da Porto, Decorti,
& Tubaro, 2012; Vonapartis et al., 2015). Several phytosterol have
also been reported to be present in kenaf seed oil with β-sitosterol
being the predominant sterol followed by campesterol and stigmasterol (Mariod et al., 2010; Webber III & Bledsoe, 2002). However, the phytosterol content of kenaf seed oil is much lower than
that of Roselle seed oil (Nyam et al., 2009). Kenaf seed oil has
also been characterized to contain wide varieties of phospholipids
such as phosphatidic acid, phosphatidylcholine, phosphatidylserine, lysophosphatidylcholine, phosphatidyl ethanolamine, phosphatidyl inositol, phosphatidyl glycerol, and sphingomyelin
(Mohamed et al., 1995; Webber III & Bledsoe, 2002).

Proteins Composition of Kenaf Seed
Several studies have reported the crude protein content of kenaf seed as ranging from 21.4% to 30.5% (Alexopoulou et al.,
2013; Kim et al., 2018; Mariod et al., 2010; Nyam et al., 2009;
Olawepo et al., 2014), similar to the protein composition of hemp
seed, that is, 23.8% to 28.0% (Vonapartis et al., 2015). These values
are higher than the protein content of Roselle seed (14.9%) (Nyam
et al., 2009) but are lower than the values of 33.5% and 26.62% reported by Hainida, Amin, Normah, and Esa (2008) and Mokhtari,
Zarringhalami, and Ganjloo (2018), respectively for crude protein
of Roselle seed. The defatted kenaf seed has higher protein content (ranging from 74.4% to 81.4%) than the whole seed (Mariod
et al., 2010). However, Nyam et al. (2009) and Chan et al. (2013)
found that the protein content of DKSM ranges from 26.19% to
33.0%. According to Mariod et al. (2010), kenaf seed protein concentrate contains a significantly higher amount of total, essential,
and nonessential amino acids than defatted flakes, with histidine
and lysine being the predominant essential amino acids reported
to be present in defatted kenaf seed and protein concentrate. No
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Table 1–Essential amino acid content of whole, defatted and protein concentrate of different kenaf seed cultivars.
Essential amino acids
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Valine
Tryptophan

Whole kenaf seed (mg/100g)

Defatted kenaf seed (g/100g)

Protein concentrate (g/100g)

8.92–15.70
13.02–16.02
11.38–17.74
2.34–3.86
2.58–4.28
31.79–38.20
20.08–28.00
38.13–50.03
n.a.

5.24–12.50
0.26–2.44
1.72–2.57
3.83–4.58
0.11–0.43
0.53–1.45
1.21–3.68
0.80–1.36
n.a.

22.20–80.90
0.97–3.15
1.91–2.73
4.59–5.27
0.37–4.79
1.08–3.04
0.95–4.50
1.10–1.63
n.a.

n.a., information not available (adapted: Mariod et al., 2010; Kim et al., 2018).

information was available on tryptophan concentration of kenaf
seed (Table 1). This is in contrast with the amino acids profile of
hemp seed protein isolate which is higher than that of kenaf seed
(Hadnađev et al., 2018).

Kenaf Seed in Food Applications
Owing to the excellent nutritional qualities of kenaf seed, it
could be used in food application as whole seed or be processed
into different forms. The kenaf seed could be made into flour by
grinding into different particle sizes, depending on the purpose
which is intended to be used for. The seed could also be subjected
to defatting process, which will increase the protein content of
the flakes. Researchers had used different methods to determine
the quantity and quality of the oil obtained. Mariod et al. (2010)
have extracted oil from ground kenaf seed using Soxhlet extraction
method. Sonication method had been used by Zawawi et al. (2014)
to extract oil from ground kenaf seed. This method has been
reported to have advantages such as reduction in extraction time,
lesser destruction of antioxidant activity (Wong, Lau, Tan, Long, &
Nyam, 2014) and it also allows high solvent diffusion into sample
and increases the contact surface area between the solute and the
solvent in contrast to Soxhlet extraction in which the solvent used
will contaminate the final product and further processing will be
required to remove it. Supercritical fluid extraction (SFE) method
had also been investigated. Temperature and pressure are important
factors that affect the yield of kenaf seed oil in SFE (Abd Ghafar,
Ismail et al., 2013). Previous studies (Chan & Ismail, 2009; Yazan
et al., 2011) reported that pressure plays a more important role than
temperature in determining the quantity of kenaf seed oil. SFE
method has been recommended as the most preferred method of
oil extraction as it is friendly, time-saving and completely removes
solvent from oil (Chan & Ismail, 2009). Although Chan and Ismail
(2009) reported that Soxhlet extraction method can give a higher
yield of oil than supercritical fluid extraction method.
Another form of kenaf seed flour is protein concentrates. Kenaf protein concentrates are more refined than the flour and grits
and normally have 70% or more protein content, higher than that
in flour and grits (Figure 3). The concentrates are obtained from
defatted kenaf flour or flakes by separating the saccharides, ash,
and other minor components in any of the three ways described
by Singh, Kumar, Sabapathy, and Bawa (2008). The first method
requires washing defatted flakes or flour with about 80% alcohol. By this process, the oligosaccharides, ash and other minor
components are dissolved and separated from the protein. The
second method uses acid at pH 4.5 to separate sugars from the
proteins. The third method uses moist heat to modify the proteins in the flour and subsequently using water separates the sugars
and other minor components from the protein. Protein concentrates obtained by either of the methods may contain 70% or
2018 Journal of Food Science r Vol. 84, Iss. 8, 2019

more of proteins, but the physical properties may vary according
to the processing method (Mariod et al., 2010). Protein concentrates have decreased flavor in contrast to flour due to processes
involved during its production which remove some of the flavor
components.
Kenaf seed proteins isolates are more refined, obtained by removing the oligosaccharides, insoluble polysaccharides, and minor
components. Figure 3 shows the protein content of Kenaf seed increases because of further processing during the production of
kenaf protein isolates. Protein isolates may contain 90% or more
of protein with other minor constituents (Singh et al., 2008).
Defatted kenaf seed flour and protein concentrates are rich protein sources, with high essential amino acid levels than the whole
seed (Table 1). Protein concentrate has reduced flavor, low flatus
and saccharides features which may promote product quality and
acceptability (Mariod et al., 2010).

Potential Food Applications of Kenaf Seed
Kenaf seed meal as bioactive compounds
Kenaf seeds are sources of many different antioxidants (Sroka
& Cisowski, 2003; Jeon et al., 2007; Michotte et al., 2011; Chan
et al., 2013; Jin et al., 2013; Ryu et al., 2013), and their unique
properties may improve food quality by preventing enzymatic
browning in food. Polyphenol oxidase (PPO) activity in food
has been reported as one of the damaging effects to food quality (González-Aguilar, Wang, & Buta, 2000). The activity of this
enzyme could be reduced using anti-oxidative rich kenaf seeds
(Chan et al., 2013; Ryu et al., 2017).
The phenolic compounds of kenaf seed (phenolic acid and
flavonoids) with credible antioxidant activities (Chan et al., 2013;
Ryu et al., 2017), could be added as an important constituent to
prevent food oxidation, preserve, and enhance food quality. Interestingly, no study has been reported on the antioxidant benefit of
kenaf seed as an ingredient to improve food quality.
Kenaf seed meal as antioxidants enrichment
of wheat bread
Previous studies have reported the prospect of using noncereal seeds and vegetables as antioxidant’s rich ingredients for bread
fortification (Table 2). The suitability of sunflower seeds for the enrichment of wheat bread has been reported by Nadeem, Anjum,
Arshad, and Hussain (2010). Equally, Chestnut flour (Dall’Asta
et al., 2013), flaxseed (Meral & Dogan, 2013), fennel seed (Das,
Raychaudhuri, & Chakraborty, 2009), defatted rice bran (Sairam,
Krishna, & Urooj, 2011), barley and defatted soy flours (Dhingra
& Jood, 2002), and ginger powder (Balestra, Cocci, Pinnavaia, &
Romani, 2011) had also been used to produce functional bread
with high antiradical activity. These imply that kenaf seed meal

Figure 3–The increase in protein content
of kenaf seed and its products after
different stages of processing from intact
seed to protein isolate.
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Table 2–The type of added substances to enrich wheat bread and the effect on the antioxidant properties of bread and bread
quality.
Type and quantity of
added substance
Dehulled and whole
sunflower seeds 6%, 10%,
and 14%
Chestnut flour 20% and 50%
Flaxseed flour (2%, 4%, and
8%)
Fennel seeds powder (FP)
(3%, 5%, 7%, 10%, and
15%)
Defatted rice bran (5%, 10%,
and 15%)
Oat, rye, buckwheat mixture
(15%, 20%, and 25%)

Sensory analysis
of bread

Antioxidants
analysed

Yes

DPPH

Increase antioxidant capacity; good
sensory acceptability

Nadeem et al. (2010)

No
No

DPPH
DPPH

Increase antioxidant capacity
Enhance antiradical property of bread

DPPH & FRAP

Increase FRAP and DPPH up to
7.0% level of supplementation;
breads with 5% and 7% FP showed
the highest acceptability
Increase of antioxidant activity, but
decreased sensory attributes
The multigrain breads have a higher
antioxidant activity than wheat
bread
Increase antioxidant activity, little
influence on bread sensory
properties, when share of turmeric
powder did not exceed 4%
Increase antiradical capacity in breads

Dall’Asta et al. (2013))
Meral and Dogan
(2013)
Das et al. (2013)

Yes

DPPH & FRAP

No

DPPH

Turmeric powder (2%, 4%,
6%, and 8%)

Yes

BCL

Garlic powder (0.5%, 1%, and
1.5%)

No

TAC

Ginger powder (3%, 4.5%,
and 6%)

Yes

DPPH

Effect

Increase radical scavenging activity,
but decrease sensory properties

Reference

Sairam et al. (2011)
Angioloni and Collar
(2011)
Lim, Park, Ghafoor,
Hwang, and Park
(2011)
Raba, Moigradean,
Poiana, Popa, and
Jianu (2007)
Balestra et al. (2011)

DPPH, (di (phenyl)-(2,4,6-trinitrophenyl) iminoazanium) radicals scavenging activity; FRAP, ferric reducing power; TAC, total antioxidant capacity; BCL, β-carotene-linoleate
bleaching assay.

has been identified for long. Essential oils have been recognized as
natural antimicrobials they are formed as aromatic plants of secondary metabolites, complex, volatile, and often characterized by
a strong odor (Bakkali, Averbeck, Averbeck, & Idaomar, 2008).
Phytol, a phytocompound present in kenaf (Ryu et al., 2017) has
been proven to exhibit antibacterial activity against Staphylococcus
aureus, Colletotrichum accutatum, Colletotrichum fragariae, and Colletotrichum gloeosporioides by destroying the cell membranes leading
to seeping out of potassium ions from bacterial cells (Kobaisy
et al., 2001; Inoue et al., 2005; Nandagopalan et al., 2015). HexKenaf seeds as antimicrobial substitutes
Plant-based antimicrobial compounds are preferred to synthetic adecanoic acid, a saturated fatty acid present in kenaf seed oil has
food preservatives. The antimicrobial potential of plant and herb been reported as a potent antimicrobial substitute (Kobaisy et al.,
with high nutritional composition and good sources of phenolic
antioxidants (Sroka & Cisowski, 2003; Jeon et al., 2007; Chan & Ismail, 2009; Nyam et al., 2009; Mariod et al., 2010; Michotte et al.,
2011; Yanzan et al., 2011a; Chan et al., 2013; Alexopoulou et al.,
2013; Olawepo et al., 2014; Cheng et al., 2016; Kim et al., 2018)
could be effectively used as value-added ingredient in wheat bread
making, to utilize the natural underutilized agricultural product
(kenaf seed).
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2001; Ebije, Oladipupo, Lawal, & Isiaka, 2014). Both kenaf seed acceptable by consumers. The high quantity of fatty acid in kenaf
oil and powder could be sprinkled on foods as natural preservatives seed oil also provides essential health benefits. Unsaturated fatty
acids decrease the shelf life of oil (Kaushik, Dowling, Barrow, &
to test their antimicrobial potential.
Adhikari, 2015; Cheng et al., 2016), so this needs to be taken
Defatted Kenaf seed as edible flour
in to consideration when exploiting the potential of kenaf seed
Chan et al. (2013) have suggested the utilization of defatted ke- for large scale oil processing for human consumption. Kenaf seed
naf seed meal (DKSM) as a suitable flour for human consumption oil may be used for the production of mayonnaise due to its high
with high nutritional content. They reported that DKSM con- phenolic content (Chan & Ismail, 2009; Ng et al., 2013). Phenolic
tains a high amount of carbohydrate 57.09%, protein 26.19%, and compounds have been reported to improve oxidative stability by
6.65% of ash. Edible flours are essential as major ingredients for preventing auto-oxidation of mayonnaises produced from various
the production of bread, noodles, cakes, cookies, and other staple plant-based oils such as rice bran oil (Garcia et al., 2009), date pit
foods. DKSM have been mixed with wheat at 25% and 75% to oil (Basuny & Al-Marzooq, 2011), grape seed extract (Altunkaya
produce noodles. The results of the nutritional and physiochemi- et al., 2013), and black cumin oil (Ozdemir, Kantekin-Erdogan,
cal analysis indicate that the fiber, ash content, and total phenolic Tat, & Tekin, 2018).
content of the produced noodles increases except for the crude
protein (which reduced) as the proportion of DKSM increases in Kenaf seed protein as functional ingredients
the noodles (Zawawi et al., 2014). Zawawi et al. (2014) also comKenaf seed protein concentrate (KSPC) is a potential source of
mented on the physicochemical quality of the prepared DKSM protein that could be added to food products and differential scannoodles that although, the noodles have a better cooking quality, ning calorimetry had been used to verify the potential of KSPC
the color and texture are compromised, issues that could render as functional ingredients (Mariod et al., 2010). The high-water
negative consumer acceptability of the products.
absorption capacity of KSPC makes it an excellent ingredient in
It has been reported that addition of high antioxidant flour into many food products requiring high water retention (Mariod et al.,
food products, such as addition of barley flour to bread, could ad- 2010). KSPC could be used as an ingredient in food products
equately improve the nutritional values, sensory quality and shelf like mayonnaise, salad dressings, sausages and cake batter due to
life of the final products (Holtekjolen, Bævre, Rodbotten, Berg, its high oil absorption capacity (Mariod et al., 2010). Based on
& Knutsen, 2008), addition of flaxseed flour to beef patties (Bilek the high foaming capacity of KSPC, it also can be used as a suit& Turhan, 2009) and addition of grape seed flour to frankfurters able ingredient in whipped toppings, cake batters, frozen desserts,
(Ozvural & Vural, 2011). The promising antioxidative properties confections, and beverages.
(Chan & Ismail, 2009; Chan et al., 2013) and anticancer properThe functional properties of kenaf seed protein concentrates,
ties (Ghafar et al., 2012; Foo et al., 2011; Yazan et al., 2011) of such as high protein stability in varied pH range of 5 to 9 and
kenaf seed could be employed to promote the use of kenaf seed as different salt and sugar concentrations (0.5% to 1.5%; 5.0% to
value-added flour in food and food products. Chan et al. (2013) 15.0%, respectively), the foaming capacity, as well as water and oil
reported that the high phenolic content (gallic acid, (+)-catechin, absorption capacities, were relatively high (Mariod et al., 2010).
4-hydroxybenzoic acid, syringic acid, and vanillic acid) and an- This implies that kenaf seed protein concentrates could be used as
tioxidant activity (DPPH scavenging activity, FRAP, BCL, ABTS a potential source of protein for application in food systems.
(2,2’-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) scavengKenaf seed and its derived value-added components have not
ing activity and iron chelating activity) of DKSM in comparison been effectively utilized as ingredients in food production, unlike
to other commercially available edible flours such as wheat flour, Roselle seed powder that has been used in the production of
rice flour and potato flour, suggest the benefit to exploit DKSM as cookies. The cookies were found to have high phenolic content,
a new edible flour for potential use as ingredient in the production strong antioxidant activity with improved nutritional properties
of healthy foods.
(Nyam, Leao, Tan, & Long, 2014; Nguyen, Le, Pham, & Tran,
2018).

Kenaf seed as edible oil
Kenaf seed oil has been classified as vegetable oil having similar composition to cottonseed oil and has been recommended as
possible edible oil (Cheng et al., 2016). Kenaf seed oil is odorless,
clear yellow in color like soybean oil and when heated, produces
reddish brown color with a mild odor (Cheng et al., 2016). It is
good for human consumption due to its unique contents of functional compounds such as fatty acid, phospholipids, phytosterols,
phenolic compounds, and tocopherols (Cheng et al., 2016). Due
to underutilized nature of kenaf seed as a waste agricultural product, the seed oil could be used as a good substitute for soybean
and cottonseed oil due to its polyunsaturated fatty acids, phenolic
and antioxidants compositions (Jin et al., 2013; Ryu et al., 2013;
Cheng et al., 2016; Ryu et al., 2017). Kenaf seed oil can be used
as cooking oil. But, the oil most not be heated at high temperature
for a longer time, because oil high in unsaturated fatty acid, most
especially polyunsaturated, is not stable and can degrade to form
free radicals and carcinogenic compounds (Whitaker, 2003).
The seed oil can also be used as a salad dressing. In contrast
to cottonseed oil, kenaf seed oil has little odor and will be more
2020 Journal of Food Science r Vol. 84, Iss. 8, 2019

Kenaf seed as meat substitute
Kenaf seeds could be used as a meat substitute owing to its high
protein content. The expensive nature of animal protein could be
replaced with underutilized kenaf seed protein. The high price
of meat has aroused the interest of food technologists to produce
nonmeat proteins, to reduce the cost of meat proteins. The low
price of vegetable proteins (tofu, tempeh, texturized vegetable
protein) has increased their general acceptance (Singh et al., 2008).
The good protein composition of kenaf seed could be exploited to
produce meat analogue which could play important functions as a
protein-based food for the reduction of malnutrition particularly in
developing countries and to overcome issues concerning economy,
health, ethnic or religion (halal) food. Kenaf seed could be used
for the following products:
i. Texturized meat protein: Kenaf seed flour as in form of defatted, protein concentrate, or isolate could be mechanically
subjected to single or twin-screw extruders as a whole ingredient or in combination with other plant-based flour to

obtain a meat like chewy texture like texturized soy protein
(Lin, Huff, & Hsieh, 2002), textured mung bean protein (Brishti et al., 2017). Kenaf textured protein could be flavored or
unflavored and further processed into crumbles, flakes, chunks
or slices forms. The rehydrated form of textured meat protein could be used as a substitute for processed meats such
as pizza toppings, meat patties, meat replacer analogue products (Qammar, Mohy-ud-Din, Huma, Sameen, & Issa Khan,
2010).
ii. Tofu: Kenaf seed milk extract could be precipitated to form
curd with the aid of coagulants such as calcium sulphate, magnesium chloride, glucono dalta lactone, citric acid, aluminum
potassium salt, and acetic acid to obtain a solid block of different softness like peanut tofu (Guo, Hu, Wang, & Liu, 2018),
sesame tofu (Sato, 2017; Wongsrisiri & Luangsakul, 2017) and
soybean tofu (Zuo, Chen, Shi, Wang, & Guo, 2016). The tofu
could be made with different flavors to obtain a taste like of
chicken, beef and sausage. Kenaf seed extract could also be
inoculated with probiotic bacteria during or after coagulation
with a coagulant, to produce probiotic kenaf seed tofu like
that of probiotic soy tofu (Zielinska, Kaminska, and KolozynKrajewska (2015). Different strains of probiotic bacteria could
be used for kenaf seed tofu inoculation such as Bifidobacterium
animalis ssp lactis BB-12, Lactobacillus casei LOCK 0900, Lactobacillus paracasei LOCK 0919, Lactobacillus bulgaricus FTCC
0411 and Lactobacillus fermentum FTD 13 as previously used
by Ng, Lye, Easa, and Liong (2008) for storage stability studies
for tofufa and for development of probiotic tofu by Zielinska
et al. (2015).
iii. Tempeh: Tempeh has been considered as a popular Indonesia
meat substitute (Vital et al., 2018), it is a fermented bean made
by inoculating cooked soybean, millet, rice, barley, and lentils
with Rhizopus oligosporus (Malav, Talukder, Gokulakrishnan, &
Chand, 2015; Vital et al., 2018). Kenaf seed could be cooked
and fermented with Rhizopus oligosporus to produce kenaf seed
tempeh in accordance with previous methods reported by
Starzyńska-Janiszewska, Stodolak, and Mickowska (2014).

Conclusion
Kenaf seed is produced by kenaf plant. The seed is replete with
vital nutrients and has been used for years as cordage crop only.
It is composed of diverse types of useful components with various useful portions such as fibers, fiber strands, proteins, oils and
allelopathic chemicals. The attributes of these components enable
plentiful product types to be obtained and for continued use and
development. Over time and resulting from researches the applications of kenaf had spread from its original role as cordage crop
to different new applications such as paper products, absorbents,
building materials and livestock feed. No significant efforts were
made as to the use of the seed in the production of value-added
food products. The suitability of using this seed as raw material or
ingredient for food products has been overlooked. Food producers, as well as consumers, are interested in food alternatives that
offer variety, functional and nutritional benefits. A few possible
uses of kenaf seed have been discussed in this review such as; kenaf
seed as a source of edible flour, edible oil, meat substitute, antioxidant, and antimicrobial agents, on the bases of its nutritional
profile and functional properties. There are great opportunities
for researchers and food industries to exploit this natural seed as a
functional ingredient in food products and to offer an alternative,
protein rich nutritious plant-based food to consumers.
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