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ABSTRACT

In this preliminary study, kenaf core fiber (KCF) was utilized as a natural filler for the preparation of
the gellan gum/KCF biocomposite films. The films were prepared by casting gellan gum solutions
containing glycerol and KCF, followed by gelation and drying. The weight ratio of gellan gum and
glycerol was fixed at 2:3, while the content of KCF varied from 6 to 15 wt.% relative to the weight of
gellan gum. The tensile properties of the prepared films have been determined by using a universal
testing machine. The tensile test results demonstrated that the tensile extension and tensile energy
at break of the biocomposite films have significantly increased with the incorporation of KCF.
Nevertheless, the tensile stress and tensile modulus at maximum load have drastically decreased
with the increase of KCF content. This study implied that the incorporation of KCF had enhanced
the ductility of the gellan gum/KCF biocomposite films and at the same time, reduced the stiffness
of the films.
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1. INTRODUCTION

Biocomposites are composite materials that are
filled with natural fibers [1]. They were produced
by using numerous types of natural fibers such
as bamboo [2], cellulose [3], kenaf [4], oil palm
empty fruit bunch [5], rice husk [6], etc.
Biocomposites possibly can be applied in various
applications, including automotive, aviation,
construction, and additive manufacturing, for the
fabrication of 3D objects as well [7]. Synthetic
polymers are usually used as polymer matrices
in the production of composite materials [8-11].
Moreover, biopolymers can also be employed in
the polymer composite and blend systems
[12-14].

Gellan gum is a biopolymer produced by the
bacterium Sphingomonas elodea; it is commonly
applied in the food industry as a thickening agent
and gelling agent that could substitute agar [15].
The previous study by Yang and Paulson [16]
indicated that gellan gum could be used to
produce films with good mechanical and
transparent properties. On the other hand, gellan
gum seems to have exceptional potential as a
matrix for polymer composites. Still, until now,
there has been a lack of information on its
polymer biocomposite films.

In this preliminary study, kenaf core fiber (KCF)
has been utilized as a natural filler for the
preparation of the gellan gum/KCF biocomposite
films. Moreover, the use of this natural fiber in
the biocomposites system is advantageous
because of its inexpensiveness, which could
reduce the manufacturing cost of the
biocomposite products [17]. The major objective
of this study is to determine the tensile properties
of the prepared films with different content of
KCF. The biocomposite films with enhanced

properties possibly may be applied in the
production of  biodegradable packaging
materials.

2. MATERIALS AND METHODS
2.1 Materials

The polymer matrix used was a gellan gum,
purchased from Sigma-Aldrich (M) Sdn. Bhd.,
Malaysia. The natural filler of the biocomposites
was kenaf core fiber, KCF (420 um), acquired
from the National Kenaf and Tobacco Board
(NKTB), Malaysia. Glycerol (=299%) was utilized
as a plasticizer, procured from Fisher Scientific
(M) Sdn. Bhd., Malaysia. All materials
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obtained were used without further

modification.

any

2.2 Preparation of Biocomposite Films

The gellan gum/KCF biocomposite films were
prepared by placing 2.4 g of glycerol into a 100
mL beaker, followed by 0.10 g of KCF and 56 g
of distilled water. They were then stirred by using
a magnetic stirring apparatus. 1.6 g of gellan
gum was added little by little to the mixture,
followed by heating at 90°C and stirring at 1500
rom until all gellan gum dissolved. The solution
was immediately cast into a 14 cm internal
diameter glass Petri dish and allowed to cool to
room temperature (25°C) for the gelation process
[18]. Later the gel was slowly dried in an oven at
a temperature of 40°C for 48 hours [12] to obtain
a freestanding biocomposite film containing 6
wt.% of KCF. The weight ratio of gellan gum and
glycerol was fixed at 2:3, while the content of
KCF varied from 6 to 15 wt.% relative to the
weight of gellan gum. A film containing only
gellan gum and glycerol (0 wt.% of KCF) was
also prepared for comparison purposes.

2.3 Tensile Test of Biocomposite Films

The biocomposite film samples were cut by using
a die cutter into a rectangular shape with a length
and width of 60 mm and 12.7 mm, respectively.
Fig. 1 shows the film samples containing 0 to 15
wt.% of KCF that have been cut for the tensile
test. The tensile properties such as tensile
extension and tensile energy at break, as well as
tensile stress and tensile modulus at maximum
load, were determined according to the ASTM
D638-10 by using a universal testing machine
(Instron, model 5567) equipped with a 30 kN load
cell. The crosshead speed was 5 mm min”" [19]
with a 30 mm gauge length. The tensile test was
carried out at a temperature range of 21-25°C
and relative humidity of 40-60%. The resultant
films were conditioned in an oven at a
temperature of 40°C for at least 24 hours prior to
the tensile test. Ten samples from each KCF
content were tested to ascertain the mean
values, and the error bars were included to show
the error range [20]. The tensile test results were
analyzed by using a Microsoft® Excel of Microsoft
365 statistical software program. Single-factor
analysis of variance (ANOVA) was employed to
discover a statistically significant difference in the
tensile extension and tensile energy mean values
with a 95% confidence level between the
different gellan gum/KCF biocomposite film
samples.
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Fig. 1. Film samples containing (a) 0 wt.%, (b) 6
KCF

3. RESULTS AND DISCUSSION

The tensile extension and tensile energy at break
of the gellan gum/KCF biocomposite films
without and containing KCF are displayed in
Figs. 2 and 3, respectively. It can be perceived
that the tensile extension and tensile energy of
the film without KCF are lower than the
biocomposite films containing KCF. Therefore,
the incorporation of KCF has significantly
increased the tensile extension and tensile
energy properties of the biocomposite films.
These results clearly indicated that the
movement of gellan gum molecular chains was
improved by KCF particles, which was
unexpected. The incorporation of KCF into the
gellan gum matrix was supposed to provide a
reinforcing effect on the biocomposite films and

wt.%, (c) 9 wt.%, (d) 12 wt.% and (e) 15 wt.% of

decrease the tensile extension of the films.
However, the contradiction was observed,
whereby the tensile extension had typically
reduced with the incorporation of natural filler
[21].

On the other hand, the tensile extension and
tensile energy were further improved with the
increase of KCF content. The biocomposite film
containing 15 wt.% of KCF had an approximately
50% higher tensile extension and tensile energy
compared to the film without KCF. Hence, the
incorporation of KCF could enhance the ductility
of the biocomposite films at fixed plasticizer
content. Furthermore, the ductility of the films
was determined based on the percentage of
elongation. The film must elongate at least 5% to
be considered as the ductile film. Biocomposite
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film containing 6 wt.% of KCF has elongated up
to 21%. Thus, the biocomposite films
incorporated with KCF have higher ductility than
the film without KCF.

The tensile stress and tensile modulus at
maximum load of the gellan gum/KCF
biocomposite films without and containing KCF
are shown in Figs. 4 and 5, respectively. It can
be seen that the incorporation of KCF has
considerably decreased the tensile stress and
tensile modulus properties of the biocomposite
films; this is due to the stiffness of the films has
been reduced. On the other hand, the
incorporation of KCF causes the gellan gum/KCF
biocomposite films to turn ductile and flexible;
thus, it cannot act as a reinforcing filler as it
behaves more like an extending filler.
Furthermore, the tensile stress and tensile
modulus of the films have drastically decreased
with higher KCF content. From the tensile test
results, it can be concluded that the incorporation
of KCF has significantly decreased the stiffness
of the gellan gum/KCF biocomposite films, and
simultaneously increased the ductility of the
films. Moreover, the biocomposite films with the
improved ductile property have the potential to

be used for packaging,
dividing, barring, and so on.

wrapping, holding,

Statistical analysis was conducted by employing
a single-factor analysis of variance (ANOVA) to
discover a statistically significant difference in the
tensile extension and tensile energy at break
between the different gellan gum/KCF
biocomposite film samples. Tables 1 and 2 show
the ANOVA results of the tensile extension and
tensile energy of the gellan gum/KCF
biocomposite films without and containing KCF.
The total numbers of the film samples were
five, and ten replicates were tested for each
sample. The source of variation of the tensile
extension and tensile energy had been divided
into two categories, namely, between groups
(BG) and within groups (WG). F-value is the
ratio of the mean square of BG to the mean
square of WG. The P-value was less than 0.05 in
Tables 1 and 2, which rejected the zero
hypothesis [13]. Therefore, it can be deduced
that there is a statistically significant difference
in the tensile extension and tensile energy
among the different gellan  gum/KCF
biocomposite film samples at a 95% confidence
level.
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Fig. 2. Tensile extension at break of the gellan gum/KCF biocomposite films without and
containing KCF

Table 1. ANOVA result of the tensile extension of the gellan gum/KCF biocomposite films
without and containing KCF

Source of variation SS df MS F P-value

BG 44.82460991 4 11.20615248 53.03084943 1.8219x 107 °
WG 9.509122838 45 0.211313841 - -

SS = sum of square, df = degree of freedom, MS = mean square, F = F-value, Number of samples = 5,
Number of observations = 50
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Table 2. ANOVA result of the tensile energy of the gellan gum/KCF biocomposite films without

and containing KCF

Source of variation SS df MS F P-value
BG 0.022408349 4 0.005602087 21.72933982 4.8958 x 10 °
WG 0.011601546 45 0.000257812 - -

SS = sum of square, df = degree of freedom, MS = mean square, F = F-value, Number of samples = 5,

Number of observations = 50
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Fig. 3. Tensile energy at break of the gellan gum/KCF biocomposite films without and

containing KCF
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Fig. 4. Tensile stress at maximum load of the gellan gum/KCF biocomposite films without and

containing KCF
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Fig. 5. Tensile modulus at maximum load of the gellan gum/KCF biocomposite films without
and containing KCF

4. CONCLUSIONS

In this preliminary study, the gellan gum/KCF
biocomposite films with different content of KCF
were prepared through a solution casting
method. The biocomposite films were cut into a
rectangular shape, and the tensile test was
conducted according to the ASTM D638-10.
The tensile extension and tensile energy at break
of the biocomposite films had significantly
increased with the incorporation of KCF.
However, the tensile stress and tensile
modulus at maximum load of the biocomposite
flms had decreased with the increase of
KCF content as displayed by the tensile test
results. It can be inferred that the ductility
of the gellan gum/KCF biocomposite films
has been enhanced with the incorporation
of KCF. Conversely, the stiffness of the
films is lower compared to the film without
KCF.
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