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CHAPTER 8
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ABSTRACT

Originating from kenaf seed, kenaf seed gum (KSG) is an innovative seed gum
candidate. The health benefits of KSG were assessed in comparison to those of
commercial guar gum (GG) and locust bean gum (LBG), with regards to their
bio-functional and antioxidant properties. The cholesterol and bile salt binding
capacities of KSG were 7.01 mg/g and 82.58% which were comparable to
commercial seed gums. However, KSG revealed lower glucose absorption
capacity compared to commercial GG and LBG. In addition, the antioxidant
properties of the KSG were comparable to those of commercial seed gums, as
measured by Ferric Reducing Antioxidant Power (FRAP) and DPPH radical
scavenging activity. This research offers fundamental insights that can be
utilized to investigate the potential of KSG as an unconventional seed gum,
particularly in the food industry.
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8.1. Introduction

In the food, pharmaceutical, and cosmetics sectors, gums are water-soluble
polysaccharides. Because of their accessibility, affordability, and advantageous
properties, seed gums are widely utilized in the production of commercial
hydrocolloids (Naji et al., 2012; Niknam et al., 2018). The distinctive physical
and chemical characteristics of seed gums define their function as emulsifiers,
stabilizers, and thickeners (Vilardé et al., 2018). Commercial applications
frequently utilize guar gum (GG) and locust bean gum (LBG) as seed gums on
account of their viscosity characteristics (BeMiller, 2019). Particularly for the
production of novel food items that offer health benefits and a pleasant flavor,
the food industry has a significant demand for seed gums (Douaire & Norton,
2013).

Koocheki et al. (2022); Qian et al. (2012); Razavi et al. (2014) have documented
a multitude of methods for the isolation of seed gums derived from diverse
sources. The physicochemical attributes of gums can be affected by the
extraction and purification methods used (Rashid et al., 2018). Furthermore, in
addition to the physicochemical attributes, a substantial understanding of the
functional and antioxidant properties of the seed gum is required when they are
incorporated into food systems. This is due to the fact that their interactions with
other components can significantly alter the microstructure and properties of the
end food products (Alba et al., 2018).

As a cordage commodity, kenaf (Hibiscus cannabinus L.) has been utilized
primarily for many years (Monti, 2013). On a global scale, this natural fiber
holds significant importance owing to its adaptability to diverse weather
conditions (Akinrotimi & Okocha, 2018) and its extensive utilization in
industry, including but not limited to paper and pulp production, textile
manufacturing, bio-composites, insulation mat development, and absorption
material production (Monti, 2013). Presently, it is cultivated in numerous
tropical and subtropical nations across the globe (Mariod et al., 2017).

After harvesting, kenaf seeds, which are a by-product of kenaf plant production,
are frequently discarded (Chan et al., 2013). Replanting utilizes a mere 2% of
the seedlings that are produced (Wei, 2019). Potential food industry constituents
include kenaf seeds, which are rich in fat, protein, and fiber (Ibrahim et al., 2019;
Karim et al., 2020). Kenaf seed applications are the subject of an expanding
body of research, which includes kenaf seed oil (Chan & Ismail, 2009; Monti,
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2013; Yazan et al., 2011), defatted kenaf seed meal (Chan et al., 2013), milk and
tofu derived from kenaf (lbrahim et al., 2020; Karim et al., 2020) and kenaf seed
protein concentrates (Ibrahim et al., 2021; Mariod et al., 2010). Recently, a study
on the physicochemical attributes of KSG has been conducted (Nevara et al.,
2022).

Converting kenaf seed into a valuable compound would benefit the environment
and food security. Due to limited information on kenaf seed gum (KSG), which
could be a valuable, low-cost seed gum source for the food industry, research
on health benefits of KSG is crucial. Therefore, this work aims to examine the
bio-functional and antioxidant properties of KSG and compare them to the
commonly used seed gums (GG and LBG) to demonstrate the potential of KSG
as a novel gum.

8.2. Methods

1. Raw materials

Kenaf (Hibiscus cannabinus L.) seeds variety V36 were kindly donated by The
National Kenaf and Tobacco Board (LKTN) located in Kangar, Perlis,
Malaysia. The seeds underwent precleansing to eliminate larger contaminants,
including dust, chaff, stones, and immature seeds, prior to being washed. Three
times under flowing tap water, the seeds were rinsed. Following that, they
underwent a five-hour drying process in an oven set at 40°C. Until subsequent
use, the seeds were stored at room temperature (25+2°C) after being sealed in
plastic bags. Commercial guar gum (G4129) and locust bean gum from
Cerratonia siliqua seeds (G0753) were purchased from Sigma-Aldrich (USA).

2. Kenaf seed gum extraction

The extraction and purification of KSG were conducted based on the prior
investigation (Nevara et al., 2022). The extraction method is shown in Figure
8.1.

Figure 8.1. Extraction of kenaf seed gum
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8.3.Yield of kenaf seed gum

It was discovered that the yield of KSG extracted from kenaf seeds could reach
21.13%. A similar rate of yield, 22%, was documented for fenugreek seeds in a
study by Brummer et al. (2003). On the contrary, the yield of KSG was found
to be greater than that of several other seed gums, including Prosopis spp.
(14.2%) (Lopez-Franco et al., 2013), Lepidium sativum (3.50-8.97%)
(Razmkhah et al., 2016), Prosopis juliflora (16%) (Azero & Andrade, 2002),
and Ipomoea turpethum seeds (23%) (Singh et al., 2003).

The variations in the yields may be explained by biological and developmental
factors, including species, seed origin, or endosperm development stage
(Estévez et al., 2004). Furthermore, the variability in yield may also be impacted
by the solvent composition, processing conditions, and the extraction method
employed (Oliva et al., 2010).

8.4.Bio-functional properties of kenaf seed gum

Table 8.1 shows the glucose, cholesterol, and bile salt absorption capacities of
KSG compared to as commercial gums such as GG and LBG.

Table 8.1. Bio-functional properties of KSG, GG, and LBG

Parameters KSG GG LBG
Glucose absorption capacity (mg/g) 4205+0.89° 5389+2072 50.99+1.592
Cholesterol absorption capacity (mg/g) 7.01+0.062 6.76+£001°  690+0.09®
Bile salt binding capacity (%) 8258+0492 8330+127% 5761+133"

Note: Each value is the means of three independent measurements. Significant differences (p
<.05) were indicated by different letters in the same row. KSG = Kenaf Seed Gum; GG =
Guar Gum; LBG = Locust Bean Gum

1. Glucose absorption capacity (GAC)

A notable difference in GAC was observed between KSG and commercial gums
(Table 8.1). The highest GAC value was found in GG (53.89 mg/g), followed
by LBG (50.99 mg/g) and KSG (42.05 mg/g). The GAC analysis indicates the
hyperglycaemic effect in vitro of the studied seed gums. The results showed that
commercial GG and LBG had higher GAC values than KSG. It may be
attributed to their water absorption and gel-forming properties, which slow
gastric emptying and increase satiation (Mudgil et al., 2014). The GAC of plant
fibre defines the ability to bind glucose at low concentrations and slow its
transport through the intestinal lumen (Bhinge et al., 2017). It reduces
postprandial hyperglycaemia by inhibiting a-glucosidase and a-amylase (El-
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Beshbishy & Bahashwan, 2012; Lim & Loh, 2016). Furthermore, foods
containing guar gum reduced the desire to eat, appetite, and hunger (Butt et al.,
2007).

3. Cholesterol absorption capacity (CAC)

The findings indicated that the CAC of KSG differed significantly (p<.05) from
that of GG but was comparable to that of LBG (Table 1). KSG had the highest
CAC (7.01 mg/g), followed by LBG (6.90 mg/g) and GG (6.76 mg/g). The study
demonstrates the cholesterol-lowering effects of non-conventional seed gum
(KSG). Cholesterol-lowering effects are often associated with edible thickening
agents such as GG (Butt et al., 2007; Sharma et al., 2018).

The mechanism is related to increased bile acids excretion in faeces and reduced
enterohepatic bile acid, which can stimulate bile acids production from
cholesterol. Consequently, the concentration of liver free cholesterol decreases
(Rideout et al., 2008). The KSG showed the highest CAC value, indicating its
ability to absorb cholesterol. Furthermore, it has been closely related to reducing
cardiovascular risk (Nsor-Atindana et al., 2012).

4. Bile salt binding capacity (BSBC)

Bile acid functions as a precursor to cholesterol. Bile acid can be absorbed by
gums in the small intestine and subsequently excreted (Qiao et al., 2021). Bile
acid absorption promotes the conversion of cholesterol to bile acid, hence
reducing total cholesterol levels and the risk of cardiovascular disease (Zhu et
al., 2018). Therefore, gums may have physiological activities that reduce blood
fat levels. Over 90% of bile acids in the body are inbound forms (especially
sodium salts). Therefore, sodium cholate hydrate was replaced with bile acid to
determine the BSBC of the gums.

Table 8.2 showed that KSG had comparable BSBC with GG with 82.58% and
83.30%, respectively and both these values were significantly (p <.05) higher
than in LBG. According to a study by Kim & Kim (2017), the BSBC of p-glucan
isolated from various varieties of Jeju barley was approximately 25%. The
findings of current study reveal a considerably higher BSBC value compared to
the values reported for B-glucan extracted from Jeju barley. This suggests that
KSG exerts a more pronounced hypocholesterolemia effect.
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8.5. Antioxidant properties of kenaf seed gum

Table 8.2 showed the antioxidant properties of KSG compared with GG and
LBG. Phenolics play a significant role in enhancing the body's antioxidant
capacity. Thereby reducing the risk of chronic diseases caused by excessive free
radicals (Jin et al., 2018).

Table 8.2. Antioxidant properties of KSG, GG, and LBG

Parameters KSG GG LBG
Total phenolic content (mg GAE/Q) 0053+0.0022 0.014+0.001°  0.016+0.000°
DPPH radical scavenging activity (uM TE) 12669+230% 12888+127%  126.79+1.512
ABTS radical scavenging activity (uM TE) 1398+0.08°  1444+0.242 1452+0.242
Note: Each value is the means of three independent measurements. Significant differences
(p <.05) were indicated by different letters in the same row. KSG = Kenaf Seed Gum; GG
= Guar Gum; LBG = Locust Bean Gum

In Table 8.2, the determination of TPC of gums revealed that KSG exhibited the
highest phenolic content (0.053 mg GAE/qg), which was significantly higher (p
< .05) than LBG (0.016 mg GAE/g) and GG (0.014 mg GAE/g). The lower
phenolic content of GG and LBG in the current study is consistent with a
Hamdani and Wani (2017) who studied composition of GG and LBG. The
variation in TPC values could be attributed to the seed coat, as KSG was
extracted from whole kenaf seeds, while commercial seed gums were primarily
extracted from dehulled seeds. The seed coat of pigmented seeds, which
comprises an estimated 10% of the total seed weight, is more abundant in
phenolic compounds than that of light-colored seeds, which have a lower TPC
(Singh et al., 2017). Furthermore, Segev et al. (2010) reported that coloured
chickpea seeds had up to 13 times more TPC than beige and regular cream
coloured seeds, indicating their potential as functional food sources.

According to Ma et al. (2013), lipid oxidation generates highly active free
radicals, which can promote the transformation of normal cells into cancer cells
in the human body. Gums can eliminate free radicals from the human body, so
the antioxidant capability is crucial to determine its worth (Jin et al., 2018).
Three of the most commonly used methods were selected to estimate various
antioxidant capabilities. Radical scavenging ability was determined using DPPH
and ABTS assays, while ferric-reducing adsorption capacity was assessed using
the FRAP assay (Thaipong et al., 2006).

The results obtained using three different methods are shown in Table 8.2. The
results showed that KSG (126.69 pM TE) has a comparable DPPH radical
scavenging activity to that of GG (128.88 uM TE) and LBG (126.79 uM TE).
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The electron donation or release of hydrogen to free radicals by different
hydroxyl groups in the gum structure, which subsequently terminates the radical
chain reaction, could potentially be the principal mechanism by which gums
exert this activity (Kia & Ganjloo, 2018; Yang etal., 2016). On the contrary, the
ABTS radical scavenging activity of the gums showed significant differences (p
<.05), with KSG (13.98 uM TE) exhibiting lower activity than GG (14.44 uM
TE) and LBG (14.52 uM TE). This could be attributed to the gum extraction
pre-treatment, which involved washing and drying the kenaf seeds prior to
extraction. These procedures may lead to the loss of water-soluble antioxidants,
resulting in a reduction in their antioxidant activity (Jin et al., 2018). FRAP
assays assess the reducing power (Benzie & Strain, 1999) and antioxidant
capacity of the sample through chain breaking (Ghiselli et al., 1995).

In principle, at an acidic pH, the iron complex of tripyridyltriazine is essentially
reduced from Fe (TPTZ)** to Fe (TPTZ)?*. The reduction to an intensely blue
reaction mixture is accompanied by a colour change that can be quantified
spectrophotometrically (Hamdani & Wani, 2017). KSG and GG showed
comparable reducing power with 0.006 pM TE and 0.004 uM TE, respectively,
more significant than LBG (0.002 uM TE) (Table 2). The result revealed that
KSG has the ability to donate electrons to react with free radicals and convert
them into stable molecules (Kia & Ganjloo, 2018). The reducing power of seed
gums in the current study was in agreement with the previous research on
coloured chickpeas (Segev et al., 2010).

8.6. Conclusion

Carbohydrate-protein gum was extracted from kenaf seed using an aqueous
extraction method with a yield of 21.0%. The mixture of protein and
polysaccharides in KSG resulted in health beneficial properties to those of
commercial GG and LBG. KSG demonstrated comparable cholesterol and bile
salt binding capacity, but lower glucose absorption capacity compared to
commercial GG and LBG. In terms of antioxidant properties, KSG had higher
TPC for antioxidant properties, but similar antioxidant activity with GG and
LBG, except for ABTS radical scavenging activity. This study provides
information on a novel KSG to support future potential applications of KSG in
the food industries.

8.7.Recommendation
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More studies on various aspects of kenaf seed gum are recommended in the
future. These include: (i) Comparison of innovative, sustainable and green
extraction techniques (e.g., ultrasonic microwave assisted extraction) on kenaf
seed gum versus conventional solvent extraction method; (ii) Effect of
fortification on food quality; (iii) Functional properties in various food
applications; and (iv) Stability and shelf life in food products.
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