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Abstract: Cymbopogan citratus fibre (CCF) is an agricultural waste plant derived from a natural cel-

lulosic source of fibre that can be used in various bio-material applications. This paper beneficially 

prepared thermoplastic cassava starch/palm wax blends incorporated with Cymbopogan citratus 

fibre (TCPS/PW/CCF) bio-composites at different CCF concentrations of 0, 10, 20, 30, 40, 50 and 60 

wt%. In contrast, palm wax loading remained constant at 5 wt% concentration using the hot 

moulding compression method. TCPS/PW/CCF bio-composites were characterised in the present 

paper via their physical and impact properties. The addition of CCF significantly improved impact 

strength by 50.65% until 50 wt% CCF loading. Furthermore, it was observed that the inclusion of 

CCF resulted in a li�le decrement in biocomposite solubility compared to neat TPCS/PW 

biocomposite from 28.68% to 16.76%. Water absorption showed higher water resistance in the 

composites incorporating 60 wt.% fibre loading. The TPCS/PW/CCF biocomposites with different 

fibre contents had 11.04–5.65% moisture content, which was lower than the control biocomposite. 

The thickness of all samples decreased gradually with increasing fibre content. Overall, these 

findings provide evidence that CCF waste can be utilised as a high-quality filler in biocomposites 

due to its diverse characteristics, including improving the properties of biocomposites and 

strengthening their structural integrity. 
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1. Introduction 

Over the past two decades, demand for agriculturally based products has grown due 

to environmental concerns and the awareness that petroleum resources are limited [1,2]. 

Polymers derived from biological sources have often been raised as the most promising 

solutions since they are renewable and biodegradable.[3–6]. The development of organic, 

renewable, and biodegradable materials has been driven by the escalating amount of 
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plastic trash that threatens the environment [7]. Sustainable development and the absence 

of damaging carbon emissions during processing and after destruction are desirable 

properties of prospective materials [8–10]. Excess plastic garbage is too much for recycling 

programmes because it is difficult to distinguish between polymers and eco-friendly  

plastics [11,12]. It is urgent to provide eco-friendly packaging items at comparable prices 

to preserve our planet, since synthetic plastic packaging pollution has exacerbated the 

issue of environmental destruction. In order to solve this recurring issue brought on by 

non-biodegradable plastics, natural biopolymers such as starch-based composites are 

being investigated as potential alternatives to conventional plastics [13–15]. 

Similar traits to conventional synthetic fibre-reinforced composites can be seen in 

natural fibre-reinforced composites. Due to considerable environmental concerns, they 

have been considered an alternative to organic and inorganic fillers and fibres [16,17]. 

These natural-source polymers can be found in various plant parts, such as grass [18], 

stalks [19], and leaves [20]. Hemicellulose, cellulose, and lignin are all examples of natural 

fibres [21]. Cellulose and hemicellulose components are all hydrophilic, whereas lignin is 

slightly hydrophobic [22,23]. Natural fibres are desirable filler materials for polymer 

composites because of their low manufacturing costs, particular acceptable characteristics, 

energy consumption, and environmentally friendly nature [24–26]. Natural fibres were 

incorporated to reinforce starch-based polymers, significantly impacting the materials’ 

physical and impact qualities. These were primarily a�ributable to cellulose and starch’s 

close structural resemblance and connection [27,28]. 

Starch, a form of carbohydrate, is one of the natural polymers that has received 

a�ention for use in the production of biodegradable polymers. Starch is generally 

composed of linear and branched chains of glucose molecules known as amylose and 

amylopectin, respectively [29]. Starch is combined with a plasticiser and fibre 

reinforcement and then subjected to high-temperature compression moulding to produce 

thermoplastic starch. Native starch can be transformed into a thermoplastic material by 

adding plasticising agents such as sorbitol, xylitol and glycerol. Incorporating plasticisers 

results in reduced intermolecular forces, increased mobility of polymer chains, and 

decreased glass transition temperature [30]. In our prior studies, we discovered that 

combining thermoplastic starch and palm wax had be�er properties than biopolymer 

blends [31,32]. As well, palm wax is considered an excellent matrix because it may reduce 

starch’s hydrophobicity, improving processability. 

The use of starch in both food and non-food products has been widespread. Since 

starch-based composites have poor mechanical efficiency, particularly impact strength, 

improving their qualities is a big challenge [33,34]. Numerous blending and compositing 

techniques have been devised to enhance these mechanical properties, such as mixing 

with other polymers or strengthening natural fillers [35–37]. Various additional agents 

support the interaction between starch and other components. In order to build polymer 

blend composites and biocomposites, filler reinforcement added to starch-based polymers 

has recently received more a�ention [38,39]. It was established that using natural fillers to 

reinforce materials with specific capabilities and add new features is a successful strategy. 

Although pure thermoplastic starch has many benefits, it also has some drawbacks that 

restrict the range of its potential uses. These drawbacks include limited water barriers, 

mechanical strength, and long-term stability [40–42]. Thus, modifications are typically 

needed to make thermoplastic starch useful in actual applications. The utilization of 

natural fibers as reinforcement for thermoplastic starch is an intriguing approach that 

could be utilized to solve these shortcomings. The mechanical properties of natural fibers, 

when combined with thermoplastic starch, are obviously improved due to the chemical 

similarity of starch and plant fibers [43]. In addition, thermoplastic starch can be used in 

combination with other natural polymers to reduce the downsides of this biopolymer 

while maintaining the material’s biodegradability [15]. Results showed that adding palm 

wax significantly improved the mechanical characteristics of a cassava starch/palm wax 

thermoplastic blend [31] and improved the biopolymer’s performance. Additionally, it 
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contributed to the biopolymer’s distinctiveness as an edible food coating and food 

packaging material. 

Lemongrass, also called Cymbopogan citratus, is one of the Poaceae family’s aromatic 

plants. These natural crops are grown in the tropical and semitropical areas of Africa, Asia, 

South America, and India [32]. In Malaysia, Cymbopogon citratus fibre (CCF) is becoming 

more well-liked as a natural resource that can help create ecologically friendly resources. 

The leaves of Cymbopogan citratus grow directly from the earth and have short rhizomes. 

All parts of the Cymbopogan citratus plant, including the leaves, are abundantly produced 

since the plant is simple to grow. The leaves have a glabrous surface and a greenish 

interior and can reach a length and width of about 50 and 1.5 cm, respectively [44]. The 

leaves of the Cymbopogon citratus plant are thrown away as trash in Malaysia, where the 

stalks are most frequently utilised as a constituent to flavour cuisine [44]. Due to the 

significant volume of garbage created, various trash reduction a�empts have been 

conducted by preventing disposal and reusing waste. CCF has recently been employed as 

an adsorbent from aqueous solutions to remove methylene blue dye, as a raw material for 

making paper and pulp, and broadly in medicinal activities [45,46]. In addition, CCF is 

one of the substitute materials used to manufacture polymer composites as a reinforcing 

agent. The fibre of Cymbopogan citratus contains a significant quantity of cellulose, making 

it a source of cellulose fibre, according to research [47]. 

Although research has been reported on using Cymbopogan species from China in 

synthetic polymers, none was discovered on the characterisation of Cymbopogan citratus 

fibre from Malaysia in a thermoplastic cassava starch/palm wax matrix. As a result, the 

primary objective of this research topic is to investigate the effects of Malaysian-sourced 

Cymbopogan citratus fibre on the impact resistance and physical properties of 

thermoplastic cassava starch/palm wax composites. This study aims to produce 

decomposable materials that reduce pollution and are more eco-friendly. 

2. Materials and Methodology 

2.1. Materials 

CCF, with contents of cellulose (37.56%), hemicellulose (29.29%), lignin (11.14%), and 

ash (4.28%), was collected from a rural area located in Beranang, Selangor (West 

Malaysia). The extraction of CCF was performed according to our previous research [48] 

via the water-re�ing process. Antik Sempurna Sdn. Bhd., based in Selangor, Malaysia, 

provided the food-grade cassava starch used in this investigation. The palm wax in the 

commercial grade was provided by Green & Natural Industries Sdn. Bhd and the glycerol 

(99.5% purity) was purchased from QRec Chemicals Sdn, Selangor, Malaysia. 

2.2. Sample Preparation of Biocomposites 

The thermoplastic cassava starch (TPCS) preparation was made by combining 5% 

palm wax with 65% starch and 30% glycerol. The mixture was then blended at room 

temperature for 5 min at 1200 rpm using a Panasonic Dry Mixer MX-GM1011. The 

materials were subjected to thermo-pressing at 150 °C for 30 min using a Malaysian-made 

Technopress-40HC-B Plastic Hydraulic Moulding Press under a weight of 10 tonnes to 

produce plates with a thickness of about 3 mm. Similar techniques were applied to create 

TPCS/PW/CCF composites. The matrix’s characteristics were altered by introducing 

various CCF ratios ranging from 0 to 60 wt.%. The specimens were immediately put in a 

desiccator with silica gel to avoid unforeseen water absorption before conditioning. 

2.3. Density 

The ASTM D1895[49] standard was followed to determine the biocomposite material 

density of the samples (10 mm × 10 mm × 3 mm), which were fabricated and dried for 24 

h at 105 °C in the oven. The specimens were then positioned in a desiccator with silica gel 
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in granulated form, and their weights and volumes were calculated using an electronic 

densimeter and weighing balance. Equation (1) was used to determine the density value. 

Density (g/cm3) = 
���� (�)

������ (���)
 (1)

2.4. Moisture Content of Composite Materials 

Moisture content analysis was performed for five samples that were prepared and 

heated in the oven for 24 h at 105 °C . The initial weight (Wi, grammes) and the final weight 

(Wf, grammes) after heating are needed to calculate the moisture content [50]. Equation 

(2) was utilised to compute the moisture content. 

Moisture content (%) = 
�����

��
 × 100  (2)

2.5. Water Absorption 

Five samples (10 mm × 10 mm × 3 mm) were dried for 24 h at 105 ± 2 °C in an air-

circulating oven to remove existing moisture. The test samples were fully submerged in 

water for 2 h at ambient temperature (23 ± 1 °C). The initial weight (Wi) and final 

immersion weight (Wf) were calculated for determining the water absorption rate using 

Equation (3). 

Water absorption (%) = 
����� 

��
 × 100 (3)

2.6. Thickness Swelling 

Analysis of the samples’ swelling was conducted based on the amended procedure 

by Jawaid et al. [51]. Five samples with measurements of 10 mm × 10 mm × 3 mm were 

prepared for thickness swelling calculation. Specimens were then dried in a dry laboratory 

oven at 105 °C for 24 h. Each sample was measured for thickness before testing (Ti). After 

that, each sample was submerged in 30 mL of distilled water for 2 h at room temperature 

(23 ± 1 °C). During the immersion process, the starting and final thicknesses, Ti and Tf, 

were measured using a Mitutoyo brand digital vernier calliper with a precision of 0.01 cm. 

This allowed for more accurate reading. Equation (4) summarizes the steps used to 

calculate the samples’ thickness swelling ratio: 

Thickness swelling (%) = 
����� 

��
 × 100 (4)

2.7. Impact Testing of Composites Material 

Analysis via Izod impact tests was performed using ASTM D256 [52] with 50 ± 5% 

relative humidity and temperature of 23 ± 1 °C, and five replicates of each sample with 

dimensions of 13 mm (W) × 3 mm (T) × 60 mm (L) were set up. Victor Equipment Resources 

Sdn. Bhd. (Subang Jaya, Malaysia) provided testing using a digital pendulum impact 

tester. Before testing, all samples were preconditioned for two days and then processed at 

53% RH. The results of the impact properties were obtained by taking the average of the 

data using Equation (5). 

Impact strength = Impact energy (J)/area (mm2) (5)
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2.8. Water Solubility of Composite Materials 

The procedure described by Zhang et al. [53] was used to measure the samples’ water 

solubility with a few minor adjustments. Five samples (10 mm × 10 mm × 3 mm) were cut 

and dried in a dry laboratory oven for 24 h at 105 °C 2 and the initial dry ma�er of each 

sample was noted as Wi. Each sample was immersed in 30 mL of distilled water while 

stirring vigorously. The undissolved portions of the sample were then taken out of the 

laboratory cup after a 24-h immersion, and any remaining water on the sample’s surface 

was wiped away using filter paper. The samples were then once again dried for 24 h at 

105 °C to produce the final dried sample, indicated as Wf. Equation (6) was used to 

calculate the samples’ water solubility. 

Water solubility (%) = 
����� 

��
 × 100 (6)

2.9. Statistical Analysis of Composites Material 

Analysis of variance (ANOVA) was used for statistical analysis of the experimental 

results in SPSS. Duncan’s test was used to compare the means with a significance level of 

0.05 (p < 0.05). 

3. Results and Discussions 

3.1. Density 

Biocomposites of TPCS/PW/CCF were produced by varying the CCF loading from 

0% to 60% of fibre. There was a slightly significant difference in TPCS/PW/CCF 

biocomposite density. However, when fibre was introduced, it was discovered that the 

density value of biocomposite reduced as the fibre loading increased, as illustrated in 

Figure 1, ranging from 1.31 ± 0.01 to 1.22 ± 0.01 g/cm3. This finding might be related to 

the low density of the added CCF, which is known to be 0.25 ± 0.002 g/cm3, relative to 

the TPCS/PW control sample (CCF0), which had a density value of 1.31 ± 0.01 g/cm3. This 

affected the overall density of the bio-composite that was produced. Considering the 

density value of TPCS/PW/CCF, it can be noticed that the density of samples decreased 

by 6.87%. This specifies that the decreasing trend in density value might be associated 

with the reduction in the proportion of biocomposite mass when CCF is added, as the 

percentage of the TPCS/PW matrix is reduced while the volume remains constant [28]. As 

a result, reduction in biocomposite mass had a corresponding effect on the density values 

of the samples. This finding agreed with a previous study on developing Dioscorea 

hispida fibre-reinforced Dioscorea hispida starch, where the biocomposites’ density 

values decreased as fibre loading was added [29]. Meanwhile, a similar result was 

reported when developing wood apple shell-reinforced epoxy composites. The density of 

the composites decreasing as the amount of filler used increased might be due to the 

lighter density of the filler material [54]. In terms of practicality, the decrease in bio-

composite density when fibre loading is increased makes a substantial contribution by 

providing lightweight materials [55]. 
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Figure 1. Density of TPCS/PW/CCF biocomposites. 

3.2. Moisture Content 

Thermoplastic starch exhibits a high moisture content, which is caused by the 

inherent hydrophilic nature of native cassava starch, and results in poor moisture barrier 

capabilities. In spite of this, thermoplastic starch’s resistance to water can be increased by 

the inclusion of components that are either hydrophilic or hydrophobic. This study 

investigated the effect of Cymbopogan citratus fibre on thermoplastic cassava starch/palm 

wax composites’ moisture content. The moisture content of the thermoplastic starch/palm 

wax composite without Cymbopogan citratus fibre was the highest, with absorption rates 

of 11.04%, which might be due to the strong hydrogen interactions between the hydroxyl 

groups in starch and the free water molecules [56]. The TPCS/PW/CCF biocomposites with 

different fibre contents had moisture contents of 11.04–5.65%, which was lower than that 

of the control biocomposite sample (11.04%), as illustrated in Figure 2. However, the 

increase in CCF content from 10 to 60 wt.% resulted in a slight reduction in the moisture 

content of the TPCS/PW/CCF samples. This could be explained by the strong hydrogen 

bonds between the Cymbopogan citratus fibre and the starch matrix, reducing the number 

of accessible hydroxyl groups. 

Consequently, the biocomposites have increased resistance to moisture. This result 

agrees with the previous study’s finding on the effect on moisture content of cassava 

starch foam with the addition of natural fibre and chitosan [57]. Likewise, Soykeabkaew 

et al. [58] reported that similar results occurwhen jute and flax are added to tapioca starch 

foam, decreasing the amount of moisture content. This could be related to the 

hydrophobic nature of CCF, especially when compared to the CCF 0% sample. Although 

all-natural fibre is classified as hydrophilic, it is not as hygroscopic as TPCS. This might 

be due to the presence of lignin and wax in CCF composition, which makes it 

comparatively hydrophobic and gives it be�er water-resistant properties than TPCS [59]. 

In contrast, palm wax is considered a superior matrix since it can reduce starch 

hydrophobicity, which improves processability [31,60]. 
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Figure 2. Moisture content of TPCS/PW/CCF biocomposites. 

3.3. Water Absorption of Composites 

Water absorption is crucial for many applications of TPS products. The results of the 

water absorption tests performed on TPCS/PPW/CCF biocomposites are shown in Figure 

3. In general, water absorption followed the same trend as moisture content, which 

exhibited decreasing values when fibre content is increased. In this study, the neat 

TPCS/PW biocomposite showed the highest water absorption at 33.15%. However, the 

absorption rate appeared to be reduced with CCF reinforcement, which reached 10.90% 

with 60 wt.% loading. 

The ability of fibres to produce strong interfacial bonding, which prevents water from 

penetrating through the matrix, may play a role in the decrease in absorption rate in the 

presence of CCF [61]. In addition, the presence of lignin as the main component, in 

conjunction with wax and fa�y substances, in fibre enhances the ability of composites to 

withstand the effects of water [61,62]. A prior study also reported that the gradual loading 

of sugar palm fibre into TPS-based hybrid composites resulted in a considerable reduction 

in the water absorption rate [63]. Meanwhile, a previous study by Sarifuddin et al. [64] on 

developing thermoplastic sago starch reinforced kenaf core fibre biocomposites reported 

low water absorption when adding kenaf core fibre into the samples. This was associated 

with the fibre having a less hydrophilic nature than the starch. The higher the fibre 

loading, the lower the amount of absorbed water. The strong hydrogen bonding between 

the matrix phase and the fibre phase can be a�ributed to the overall lower water 

absorption of the material. However, it is clear that the CCF-reinforced starch 

biocomposite is less water-resistant than the control CCF samples. 
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Figure 3. TPCS/PW/CCF biocomposites’ water absorption. 

3.4. Thickness Swelling 

A material’s dimensional stability can be evaluated by determining the degree to 

which it swells or contracts as a direct result of the movement of moisture in the material. 

The thickness swelling ratio of TPCS/PW/CCF composites was evaluated to determine 

changes in TPCS/PW dimensional stability following the introduction of CCF. Figure 4 

illustrates the thickness swelling percentage for TPCS/PW with the inclusion of CCF after 

immersion for 2 h. The thickness of all samples decreased gradually with increasing fibre 

content. In comparison to the TPCS/PW control sample, the sample containing 60% CCF 

content exhibited the lowest water uptake and thickness swelling after 2 h of immersion, 

decreasing by 54.24%. This finding can be a�ributed to the presence of fibre in the 

composites, which possesses a more rigid structure than starch, providing higher 

dimensional stability to the composites [65]. This study’s findings agree with those of a 

prior investigation into composites made of cassava starch and green coir fibres [66]. 

Additionally, similar findings were reported when developing a cassava/sugar palm fibre-

reinforced cassava starch hybrid. In this study, the incorporation of sugar palm fibre made 

the sample swell less and influenced the interaction between the polymer chains, which 

could reduce the polymer’s ability to swell. In each sample, increasing the fibre 

concentration resulted in a decrease in swelling behaviour. The sample that contained a 

low fibre loading was more swollen than the ones that contained a high fibre loading [67]. 
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Figure 4. Thickness swelling of TPCS/PW/CCF biocomposites. 

3.5. Impact Testing of Composites 

The impact strength of the biocomposites was also determined to measure the 

material’s impact resistance, indicating the capability to endure an unexpectedly applied 

load. Figure 5 demonstrates the TPCS/PW/CCF’s impact strength with different fibre 

contents. Analysis of variance (ANOVA) of the impact characteristics is presented in Table 

1. This indicates that there is a statistically significant difference (p < 0.05) between the 

mean impact strength from one level of composites to another. In general, the findings of 

the impact test results demonstrate the highest impact strength at 50 wt.% fibre loading. 

Significant improvement (p < 0.05) was evidenced in the impact properties of the 

composite when incorporated with Cymbopogan citratus fibre. Failure of a fibre composite 

to withstand impact loading can be a�ributed to several other factors, including fibre pull-

out, matrix fracture, fibre breakage, and debonding of the fibres from the matrix [68]. It 

could be observed that the TPCS/PW/CCF biocomposite had significantly increased 

impact strength by 50.65% (p < 0.05) with increasing fibre content from (0 to 50 wt.%). This 

finding might be associated with the strong interfacial bonding at fibre–matrix interfaces, 

which improved energy absorption during impact loading [69]. However, impact 

resistance declined after increasing reinforcement from 50 to 60 wt.%. The reduction in 

impact strength at higher fibre contents might be a�ributed to the higher rigidity of the 

materials, which led to more bri�le properties and, as a result, a decreased capacity to 

absorb the impact energy [31]. In our prior studies, we discovered that the results revealed 

that elongation at break values increased from 40 to 50 wt.% as a result of the addition of 

Cymbopogan citratus fibre loading; however, an increase in the amount of Cymbopogan 

citratus fibre up to 60 wt.% caused a decrease in elongation at break values. Overall, the 

inclusion of Cymbopogan citratus fibre content resulted in a decrease in the molecular 

mobility of the TPCS matrix, which produced biocomposite materials with a greater 

degree of rigidity [48]. A similar result was observed in a study on the development of 

date palm-reinforced epoxy composites. A significant improvement in impact strength 

was found at 50% date palm fibre reinforced epoxy composites in comparison to loadings 

of 40% and 60%, which can be primarily a�ributed to be�er adhesion of the date palm 

fibre with the epoxy matrix in order to overcome the high impact stress/load. 

Furthermore, the increase in impact strength might be associated with enhanced stress 

capability, which would limit the contribution of fibre-related mechanisms such as fibre 

pull out [70]. 
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Figure 5. Impact strength of TPCS/PW/CCF biocomposites. 

Table 1. Analysis of variance (ANOVA) summary of TPCS/PW/CCF composites. 

Variables df Impact Strength 

Mixture 6 0.00 * 

Note: * Significantly different at p < 0.05. 

3.6. Water Solubility of Composites 

The solubility of samples in water is one of the essential properties worthy of 

consideration in many applications. Applications that require moisture and water loss 

protection must have low water solubility. Figure 6 shows the TPCS/PW/CCF 

biocomposites’ water solubility. This solubility demonstrates the effect of water 

immersion with continuous stirring on the composite samples. The inclusion of CCF 

resulted in a li�le decrement in biocomposite solubility compared to neat TPCS/PW 

biocomposite, from 28.68% to 16.76%. This phenomenon could be a�ributed to the role of 

the fibre, which produces a network that tightly keeps composites together and prevents 

the dissolution of composites by lowering the solubility of the samples [55]. Additionally, 

the solubility of samples reduced with increasing fibre content, which might be due to 

fibre’s capacity to resist water diffusion and enhance composite integrity by limiting water 

penetration, thus reducing sample solubility [63]. This observation agrees with previous 

findings on the development of a cornhusk/sugar palm fibre reinforced corn starch-based 

hybrid, which reported that adding sugar palm fibre decreased the solubility of the 

samples [61]. The result supports this study’s water absorption, moisture content, and 

thickness swelling findings. 
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Figure 6. Water solubility of TPCS/PW/CCF biocomposites. 

4. Conclusions 

Utilising hot pressing, a novel biocomposite made of thermoplastic cassava starch 

and varying concentrations of Cymbopogan citratus fibre (CCF) was created. Its water 

barrier behaviour and impact qualities were studied. The experimental results revealed 

that the inclusion of CCF resulted in a li�le decrement in biocomposite solubility 

compared to neat TPCS/PW biocomposite, from 28.68% to 16.76%, and a reduction in the 

absorption rate, which reached 10.90% with 60 wt.% loading. TPCS/PW/CCF 

biocomposites with different fibre contents had moisture contents of 11.04–5.65%, which 

was lower than the control biocomposite sample, and a slightly significant difference in 

biocomposite density. TPCS-reinforced CCF composites show promise as an alternative 

to non-environmentally friendly polymers and composites, with be�er water barrier and 

impact performance. 

Author Contributions: Conceptualization, Z.H.K. (Zatil Hafila Kamaruddin) and R.J.; 

methodology, Z.H.K. (Zatil Hafila Kamaruddin); formal analysis, Z.H.K. (Zatil Hazrati 

Kamaruddin) and R.J.; investigation, Z.H.K. (Zatil Hazrati Kamaruddin); resources, M.R.M.A and 

M.R.R.; data curation, Z.H.K. (Zatil Hazrati Kamaruddin) and M.R.M.A.; writing—original draft 

preparation, Z.H.K. (Zatil Hazrati Kamaruddin); writing—review and editing, Z.H.K. (Zatil Hazrati 

Kamaruddin); visualization, Z.H.K. (Zatil Hafila Kamaruddin) and M.R.M.A.; supervision, R.J.; 

project administration, Z.H.K. (Zatil Hafila Kamaruddin); funding acquisition, M.R.M.A and T.K. 

All authors have read and agreed to the published version of the manuscript. 

Funding: The financial support was received from the Universiti Teknikal Malaysia Melaka and the 

Ministry of Higher Education Malaysia for financial aid through research grant 

PJP/2021/FTKMP/S01815 and to publish these project findings. Additionally, the paper has received 

funding from Universiti Teknologi Malaysia through the project “Characterizations of Hybrid Kenaf 

Fibre/Fibreglass Meshes Reinforced Thermoplastic ABS Composites for Future Use in Aircraft 

Radome Applications” under grant number PY/2022/03758—Q.J130000.3824.31J25. 

Institutional Review Board Statement: Not applicable. 

Data Availability Statement: The data is available within the article. 

Acknowledgments: The authors would like to acknowledge the support of Universiti Teknikal 

Malaysia Melaka and the Ministry of Higher Education Malaysia for financial aid through research 

grant PJP/2021/FTKMP/S01815 and to publish these project findings. Additionally, the authors 

would like to express gratitude for the financial support from the Universiti Teknologi Malaysia 

through the project “Characterizations of Hybrid Kenaf Fibre/Fibreglass Meshes Reinforced 

Thermoplastic ABS Composites for Future Use in Aircraft Radome Applications” under grant 



Polymers 2023, 15, 2364 12 of 15 
 

 

number PY/2022/03758—Q.J130000.3824.31J25. In addition, thank you to the German Malaysian 

Institute for providing a scholarship award to the principal author of this project. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Ali, S.S.S.; Razman, M.R.; Awang, A.; Asyraf, M.R.M.; Ishak, M.R.; Ilyas, R.A.; Lawrence, R.J. Critical Determinants of 

Household Electricity Consumption in a Rapidly Growing City. Sustainability 2021, 13, 4441. https://doi.org/10.3390/su1308444. 

2. Roslan, Z.B.; Ramli, Z.; Razman, M.R.; Asyraf, M.R.M.; Ishak, M.R.; Ilyas, R.A.; Nurazzi, N.M. Reflections on Local Community 

Identity by Evaluating Heritage Sustainability Protection in Jugra, Selangor, Malaysia. Sustainability 2021, 13, 8705. 

https://doi.org/10.3390/su13168705. 

3. Rafidah, M.; Asyraf, M.R.M.; Nurazzi, N.M.; Hassan, S.A.; Ilyas, R.A.; Khan, T.; Saad, W.A.A.; Rashedi, A.; Sharma, S.; Hussein, 

E.K. Unlocking the Potential of Lignocellulosic Biomass in Road Construction: A Brief Review of OPF. Mater. Today Proc. 2023. 

https://doi.org/10.1016/j.matpr.2023.01.103. 

4. Asyraf, M.R.M.; Khan, T.; Syamsir, A.; Supian, A.B.M. Synthetic and Natural Fiber-Reinforced Polymer Matrix Composites for 

Advanced Applications. Materials 2022, 15. https://doi.org/10.3390/ma15176030. 

5. Norrrahim, M.N.F.; Knight, V.F.; Nurazzi, N.M.; Jenol, M.A.; Misenan, M.S.M.; Janudin, N.; Kasim, N.A.M.; Shukor, M.F.A.; 

Ilyas, R.A.; Asyraf, M.R.M.; et al. The Frontiers of Functionalized Nanocellulose-Based Composites and Their Application as 

Chemical Sensors. Polymers 2022, 14, 4461. https://doi.org/10.3390/polym14204461. 

6. Madenci, E.; Özkılıç, Y.O.; Aksoylu, C.; Asyraf, M.R.M.; Syamsir, A.; Supian, A.B.M.; Mamaev, N. Buckling Analysis of CNT-

Reinforced Polymer Composite Beam Using Experimental and Analytical Methods. Materials 2023, 16, 614. 

https://doi.org/10.3390/ma16020614. 

7. Huang, M.R.; Li, S.; Li, X.G. Longan Shell as Novel Biomacromolecular Sorbent for Highly Selective Removal of Lead and 

Mercury Ions. J. Phys. Chem. B 2010, 114, 3534–3542. https://doi.org/10.1021/jp910697s. 

8. Ilyas, R.A.; Sapuan, S.M.; Harussani, M.M.; Hakimi, M.Y.A.Y.; Haziq, M.Z.M.; Atikah, M.S.N.; Asyraf, M.R.M.; Ishak, M.R.; 

Razman, M.R.; Nurazzi, N.M.; et al. Polylactic Acid (PLA) Biocomposite: Processing, Additive Manufacturing and Advanced 

Applications. Polymers 2021, 13, 1326. https://doi.org/10.3390/polym13081326. 

9. Nurazzi, N.M.; Asyraf, M.R.M.; Fatimah Athiyah, S.; Shazleen, S.S.; Rafiqah, S.A.; Harussani, M.M.; Kamarudin, S.H.; Razman, 

M.R.; Rahmah, M.; Zainudin, E.S.; et al. A Review on Mechanical Performance of Hybrid Natural Fiber Polymer Composites 

for Structural Applications. Polymers 2021, 13, 2170. https://doi.org/10.3390/polym13132170. 

10. YHazrati, K.Z.; Sapuan, S.M.; Zuhri, M.Y.M.; Jumaidin, R. Recent and Potential Developments in Dioscorea Hispida Biopolymer 

Composites : A Review. In Proceedings of the 7th Postgraduate Seminar on Natural Fibre Reinforced Polymer Composites 2020, 

Serdang, Malaysia, 17 November 2020; pp. 14–17. 

11. Li, X.G.; Xie, Y.B.; Huang, M.R.; Umeyama, T.; Ohara, T.; Imahori, H. Effective Role of Eco-Friendly Acetyl Tributyl Citrate in 

Large-Scale Catalyst-Free Synthesis of Waterborne Polyurethanes without Volatile Organic Compounds. J. Clean. Prod. 2019, 

237, 117543. https://doi.org/10.1016/j.jclepro.2019.07.018. 

12. Li, X.G.; Song, G.; Huang, M.R.; Ohara, T.; Yamada, H.; Umeyama, T.; Higashino, T.; Imahori, H. Cleaner Synthesis and 

Systematical Characterization of Sustainable Poly(Isosorbide-Co-Ethylene Terephthalate) by Environ-Benign and Highly 

Active Catalysts. J. Clean. Prod. 2019, 206, 483–497. https://doi.org/10.1016/j.jclepro.2018.09.046. 

13. Tarique, J.; Sapuan, S.M.; Abdan, K.; Ilyas, R.A.; Zainudin, E.S.; Sherwani, S.F.K.; Hazrati, K.Z. Physical and Barrier Roperties 

of Arrowroot (Maranta arundinacea) Starch Based Composites: A Review. In Proceedings of the International Conference on 

Sugar Palm and Allied Fibre Polymer Composites 2021, Online, 11 December 2021; pp. 180–182. 

14. Asyraf, M.R.M.; Ishak, M.R.; Norrrahim, M.N.F.; Nurazzi, N.M.; Shazleen, S.S.; Ilyas, R.A.; Rafidah, M.; Razman, M.R. Recent 

Advances of Thermal Properties of Sugar Palm Lignocellulosic Fibre Reinforced Polymer Composites. Int. J. Biol. Macromol. 

2021, 193, 1587–1599. https://doi.org/10.1016/j.ijbiomac.2021.10.221. 

15. Asyraf, M.R.M.; Ishak, M.R.; Syamsir, A.; Nurazzi, N.M.; Sabaruddin, F.A.; Shazleen, S.S.; Norrrahim, M.N.F.; Rafidah, M.; Ilyas, 

R.A.; Rashid, M.Z.A.; et al. Mechanical Properties of Oil Palm Fibre-Reinforced Polymer Composites: A Review. J. Mater. Res. 

Technol. 2022, 17, 33–65. https://doi.org/10.1016/j.jmrt.2021.12.122. 

16. Tarique, J.; Sapuan, S.M.; Zainudin, E.S.; Khalina, A.; Ilyas, R.A.; Hazrati, K.Z.; Aliyu, I. A Comparative Review of the Effects 

of Different Fibre Concentrations on Arrowroot Fibre and Other Fibre-Reinforced Composite Films. Mater. Today Proc. 2022, 74, 

411–414. https://doi.org/10.1016/j.matpr.2022.11.136. 

17. Kamaruddin, Z.H.; Jumaidin, R.; Ain, N.; Mohamd, H. Water Affinity Properties of Thermoplastic Cassava Starch/Wax 

Reinforced with Sugarcane Bagasse Fiber. In Proceedings of the 7th International Conference and Exhibition on Sustainable 

Energy and Advanced Materials (ICE-SEAM 2021), Melaka, Malaysia, 17 November 2021; pp. 1–6. 

18. Khan, A.; Vijay, R.; Singaravelu, D.L.; Arpitha, G.R.; Sanjay, M.R. Extraction and Characterization of Vetiver Grass (Chrysopogon 

zizanioides) and Kenaf Fiber (Hibiscus cannabinus) as Reinforcement Materials for Epoxy. Integr. Med. Res. 2019, 9, 773–778. 

https://doi.org/10.1016/j.jmrt.2019.11.017. 

19. Engel, J.B.; Ambrosi, A.; Tessaro, I.C. Development of Biodegradable Starch-Based Foams Incorporated with Grape Stalks for 

Food Packaging. Carbohydr. Polym. 2019, 225, 115234. https://doi.org/10.1016/j.carbpol.2019.115234. 



Polymers 2023, 15, 2364 13 of 15 
 

 

20. Jumaidin, R.; Ahmad Diah, N.; Alamjuri, R.H.; Ahmad Rushdan, I.; Yusof, F.A. Processing and Characterisation of Banana Leaf 

Fibre Reinforced Thermoplastic Cassava Starch Composites Ridhwan. Polymers 2021, 13, 1420. 

https://doi.org/10.3390/polym13091420. 

21. Asyraf, M.R.M.; Rafidah, M.; Azrina, A.; Razman, M.R. Dynamic Mechanical Behaviour of Kenaf Cellulosic Fibre Biocomposites: 

A Comprehensive Review on Chemical Treatments. Cellulose 2021, 28, 2675–2695. https://doi.org/10.1007/s10570-021-03710-3. 

22. Asyraf, M.R.M.; Rafidah, M.; Ebadi, S.; Azrina, A.; Razman, M.R. Mechanical Properties of Sugar Palm Lignocellulosic Fibre 

Reinforced Polymer Composites: A Review. Cellulose 2022, 29, 6493–6516. https://doi.org/10.1007/s10570-022-04695-3. 

23. Asyraf, M.R.M.; Ishak, M.R.; Norrrahim, M.N.F.; Amir, A.L.; Nurazzi, N.M.; Ilyas, R.A.; Asrofi, M.; Rafidah, M.; Razman, M.R. 

Potential of Flax Fiber Reinforced Biopolymer Composites for Cross-Arm Application in Transmission Tower: A Review. Fibers 

Polym. 2022, 23, 853–877. https://doi.org/10.1007/s12221-022-4383-x. 

24. Neto, J.; Queiroz, H.; Aguiar, R.; Lima, R.; Cavalcanti, D.; Banea, M.D. A Review of Recent Advances in Hybrid Natural Fiber 

Reinforced Polymer Composites. J. Renew. Mater. 2022, 10, 561–589. https://doi.org/10.32604/jrm.2022.017434. 

25. Syafri, E.; Sudirman; Mashadi; Yulianti, E.; Deswita; Asrofi, M.; Abral, H.; Sapuan, S.M.; Ilyas, R.A.; Fudholi, A. Effect of 

Sonication Time on the Thermal Stability, Moisture Absorption, and Biodegradation of Water Hyacinth (Eichhornia crassipes) 

Nanocellulose-Filled Bengkuang (Pachyrhizus erosus) Starch Biocomposites. J. Mater. Res. Technol. 2019, 8, 6223–6231. 

https://doi.org/10.1016/j.jmrt.2019.10.016. 

26. Norizan, M.N.; Shazleen, S.S.; Alias, A.H.; Sabaruddin, F.A.; Asyraf, M.R.M.; Zainudin, E.S.; Abdullah, N.; Samsudin, M.S.; 

Kamarudin, S.H.; Norrrahim, M.N.F. Nanocellulose-Based Nanocomposites for Sustainable Applications: A Review. 

Nanomaterials 2022, 12. https://doi.org/10.3390/nano12193483. 

27. Ramesh, P.; Durga Prasad, B.; Narayana, K.L. Characterization of Kenaf Fiber and Its Composites: A Review. J. Reinf. Plast. 

Compos. 2018, 37, 731–737. https://doi.org/10.1177/0731684418760206. 

28. Sanyang, M.L.; Sapuan, S.M.; Jawaid, M.; Ishak, M.R.; Sahari, J. Development and Characterization of Sugar Palm Starch and 

Poly(Lactic Acid) Bilayer Films. Carbohydr. Polym. 2016, 146, 36–45. https://doi.org/10.1016/j.carbpol.2016.03.051. 

29. Hazrati, K.Z.; Sapuan, S.M.; Zuhri, M.Y.M.; Jumaidin, R. Preparation and Characterization of Starch-Based Biocomposite Films 

Reinforced by Dioscorea Hispida Fibers. J. Mater. Res. Technol. 2021, 15, 1342–1355. https://doi.org/10.1016/j.jmrt.2021.09.003. 

30. Martinez Villadiego, K.; Arias Tapia, M.J.; Useche, J.; Escobar Macías, D. Thermoplastic Starch (TPS)/Polylactic Acid (PLA) 

Blending Methodologies: A Review. J. Polym. Environ. 2022, 30, 75–91. https://doi.org/10.1007/s10924-021-02207-1. 

31. Hafila, K.Z.; Jumaidin, R.; Ilyas, R.A.; Selamat, M.Z.; Yusof, F.A.M. Effect of Palm Wax on the Mechanical, Thermal, and 

Moisture Absorption Properties of Thermoplastic Cassava Starch Composites. Int. J. Biol. Macromol. 2022, 194, 851–860. 

https://doi.org/10.1016/j.ijbiomac.2021.11.139. 

32. Kamaruddin, Z.H.; Jumaidin, R.; Selamat, M.Z.; Ilyas, R.A. Characteristics and Properties of Lemongrass (Cymbopogan 

Citratus): A Comprehensive Review. J. Nat. Fibers 2021, 19, 8101–8118. https://doi.org/10.1080/15440478.2021.1958439. 

33. Ibrahim, M.I.J.; Sapuan, S.M.; Zainudin, E.S.; Zuhri, M.Y.M. Physical, Thermal, Morphological, and Tensile Properties of 

Cornstarch-Based Films as Affected by Different Plasticizers. Int. J. Food Prop. 2019, 22, 925–941. 

https://doi.org/10.1080/10942912.2019.1618324. 

34. Asyraf, M.R.M.; Nurazzi, N.M.; Norrrahim, M.N.F.; Hazrati, K.Z.; Ghani, A.; Sabaruddin, F.A.; Lee, S.H.; Shazleen, S.S.; Razman, 

M.R. Thermal Properties of Oil Palm Lignocellulosic Fibre Reinforced Polymer Composites: A Comprehensive Review on 

Thermogravimetry Analysis. Cellulose 2023, 30, 2753–2790. https://doi.org/10.1007/s10570-023-05080-4. 

35. Panrong, T.; Karbowiak, T.; Harnkarnsujarit, N. Thermoplastic Starch and Green Tea Blends with LLDPE Films for Active 

Packaging of Meat and Oil-Based Products. Food Packag. Shelf Life 2019, 21, 100331. https://doi.org/10.1016/j.fpsl.2019.100331. 

36. Asyraf, M.R.M.; Syamsir, A.; Supian, A.B.M.; Usman, F.; Ilyas, R.A.; Nurazzi, N.M.; Norrrahim, M.N.F.; Razman, M.R.; Zakaria, 

S.Z.S.; Sharma, S.; et al. Sugar Palm Fibre-Reinforced Polymer Composites: Influence of Chemical Treatments on Its Mechanical 

Properties. Materials (Basel). 2022, 15, 3852. https://doi.org/10.3390/ma15113852. 

37. Asyraf, M.R.M.; Syamsir, A.; Zahari, N.M.; Supian, A.B.M.; Ishak, M.R.; Sapuan, S.M.; Sharma, S.; Rashedi, A.; Razman, M.R.; 

Zakaria, S.Z.S.; et al. Product Development of Natural Fibre-Composites for Various Applications: Design for Sustainability. 

Polymers (Basel). 2022, 14, 920. https://doi.org/10.3390/polym14050920. 

38. Zadeh, K.M.; Ponnamma, D.; Al Ali Al-Maadeed, M. Date Palm Fibre Filled Recycled Ternary Polymer Blend Composites with 

Enhanced Flame Retardancy. Polym. Test. 2017, 61, 341–348. https://doi.org/10.1016/j.polymertesting.2017.05.006. 

39. Zou, Y.; Yuan, C.; Cui, B.; Liu, P.; Wu, Z.; Zhao, H. Formation of High Amylose Corn Starch / Konjac Glucomannan Composite 

Film with Improved Mechanical and Barrier Properties. Carbohydr. Polym. 2021, 251, 117039. 

https://doi.org/10.1016/j.carbpol.2020.117039. 

40. Hernández, V.; Ibarra, D.; Triana, J.F.; Martínez-Soto, B.; Faúndez, M.; Vasco, D.A.; Gordillo, L.; Herrera, F.; García-Herrera, C.; 

Garmulewicz, A. Agar Biopolymer Films for Biodegradable Packaging: A Reference Dataset for Exploring the Limits of 

Mechanical Performance. Materials 2022, 15, 3954. https://doi.org/10.3390/ma15113954. 

41. Andrew, J.J.; Dhakal, H.N. Sustainable Biobased Composites for Advanced Applications: Recent Trends and Future 

Opportunities—A Critical Review. Compos. Part C Open Access 2022, 7, 100220. https://doi.org/10.1016/j.jcomc.2021.100220. 

42. Asyraf, M.R.M.; Syamsir, A.; Bathich, H.; Itam, Z.; Supian, A.B.M.; Norhisham, S.; Nurazzi, N.M.; Khan, T.; Rashid, M.Z.A. 

Effect of Fibre Layering Sequences on Flexural Creep Properties of Kenaf Fibre-Reinforced Unsaturated Polyester Composite 

for Structural Applications. Fibers Polym. 2022, 23, 3232–3240. https://doi.org/10.1007/s12221-022-4386-7. 



Polymers 2023, 15, 2364 14 of 15 
 

 

43. Ilyas, R.A.; Sapuan, S.M.; Ishak, M.R. Isolation and Characterization of Nanocrystalline Cellulose from Sugar Palm Fibres 

(Arenga pinnata). Carbohydr. Polym. 2018, 181, 1038–1051. https://doi.org/10.1016/j.carbpol.2017.11.045. 

44. Wifek, M.; Saeed, A.; Rehman, R.; Nisar, S. Lemongrass: A Review on Its Botany, Properties, Applications and Active 

Components. Int. J. Chem. Biochem. Sci. 2016, 9, 79–84. 

45. Putri, K.N.A.; Kaewpichai, S.; Keereerak, A.; Chinpa, W. Facile Green Preparation of Lignocellulosic Biosorbent from 

Lemongrass Leaf for Cationic Dye Adsorption. J. Polym. Environ. 2021, 29, 1681–1693. https://doi.org/10.1007/s10924-020-02001-

5. 

46. Ahmad, M.A.; Ahmed, N.B.; Adegoke, K.A.; Bello, O.S. Adsorptive Potentials of Lemongrass Leaf for Methylene Blue Dye 

Removal. Chem. Data Collect. 2021, 31, 100578. https://doi.org/10.1016/j.cdc.2020.100578. 

47. Kamaruddin, Z.H.; Jumaidin, R.; Rushdan, A.I.; Selamat, M.Z.; Alamjuri, R.H. Characterization of Natural Cellulosic Fiber 

Isolated from Malaysian Cymbopogan Citratus Leaves. BioResources 2021, 16, 7729–7750. 

https://doi.org/10.15376/biores.16.4.7729-7750. 

48. Kamaruddin, Z.H.; Jumaidin, R.; Ilyas, R.A.; Selamat, M.Z.; Alamjuri, R.H.; Yusof, F.A.M. Biocomposite of Cassava Starch-

Cymbopogan Citratus Fibre: Mechanical, Thermal and Biodegradation Properties. Polymers 2022, 14, 514. 

https://doi.org/10.3390/polym14030514. 

49. Technique, G. Standard Test Methods for Apparent Density , Bulk Factor , and Pourability of Plastic. Methods 2003, 08, 1–5. 

https://doi.org/10.1520/D1895-96R10E01.2. 

50. Ilyas, R.A.; Sapuan, S.M.; Ishak, M.R.; Zainudin, E.S. Effect of Delignification on the Physical, Thermal, Chemical, and Structural 

Properties of Sugar Palm Fibre. BioResources 2017, 12, 8734–8754. https://doi.org/10.15376/biores.12.4.8734-8754. 

51. Jawaid, M.; Abdul Khalil, H.P.S.; Noorunnisa Khanam, P.; Abu Bakar, A. Hybrid Composites Made from Oil Palm Empty Fruit 

Bunches/Jute Fibres: Water Absorption, Thickness Swelling and Density Behaviours. J. Polym. Environ. 2011, 19, 106–109. 

https://doi.org/10.1007/s10924-010-0203-2. 

52. ASTM D256; Standard Test Methods for Determining the Izod Pendulum Impact Resistance of Plastics. Annu. B. ASTM Stand. 

2019, 10, 1–20. 

53. Zhang, Y.; Simpson, B.K.; Dumont, M.J. Effect of Beeswax and Carnauba Wax Addition on Properties of Gelatin Films: A 

Comparative Study. Food Biosci. 2018, 26, 88–95. https://doi.org/10.1016/j.fbio.2018.09.011. 

54. Shakuntala, O.; Raghavendra, G.; Samir Kumar, A. Effect of Filler Loading on Mechanical and Tribological Properties of Wood 

Apple Shell Reinforced Epoxy Composite. Adv. Mater. Sci. Eng. 2014, 2014, 538651. https://doi.org/10.1155/2014/538651. 

55. Ibrahim, M.I.J.; Sapuan, S.M.; Zainudin, E.S.; Zuhri, M.Y.M. Potential of Using Multiscale Corn Husk Fiber as Reinforcing Filler 

in Cornstarch-Based Biocomposites. Int. J. Biol. Macromol. 2019, 139, 596–604. https://doi.org/10.1016/j.ijbiomac.2019.08.015. 

56. Sanhawong, W.; Banhalee, P.; Boonsang, S.; Kaewpirom, S. Effect of Concentrated Natural Rubber Latex on the Properties and 

Degradation Behavior of Cotton-Fiber-Reinforced Cassava Starch Biofoam. Ind. Crops Prod. 2017, 108, 756–766. 

https://doi.org/10.1016/j.indcrop.2017.07.046. 

57. Kaisangsri, N.; Kerdchoechuen, O.; Laohakunjit, N. Biodegradable Foam Tray from Cassava Starch Blended with Natural Fiber 

and Chitosan. Ind. Crop. Prod. 2012, 37, 542–546. https://doi.org/10.1016/j.indcrop.2011.07.034. 

58. Soykeabkaew, N.; Supaphol, P.; Rujiravanit, R. Preparation and Characterization of Jute-and Flax-Reinforced Starch-Based 

Composite Foams. Carbohydr. Polym. 2004, 58, 53–63. https://doi.org/10.1016/j.carbpol.2004.06.037. 

59. Belhassen, R.; Boufi, S.; Vilaseca, F.; López, J.P.; Méndez, J.A.; Franco, E.; Pèlach, M.A.; Mutjé, P. Biocomposites Based on Alfa 

Fibers and Starch-Based Biopolymer. Polym. Adv. Technol. 2009, 20, 1068–1075. https://doi.org/10.1002/pat.1364. 

60. Syahida, N.; Fitry, I.; Zuriyati, A.; Hanani, N. Effects of Palm Wax on the Physical, Mechanical and Water Barrier Properties of 

Fish Gelatin Films for Food Packaging Application. Food Packag. Shelf Life 2020, 23, 100437. 

https://doi.org/10.1016/j.fpsl.2019.100437. 

61. Ibrahim, M.I.J.; Sapuan, S.M.; Zainudin, E.S.; Zuhri, M.Y.M. Preparation and Characterization of Cornhusk/Sugar Palm Fiber 

Reinforced Cornstarch-Based Hybrid Composites. J. Mater. Res. Technol. 2020, 9, 200–211. 

https://doi.org/10.1016/j.jmrt.2019.10.045. 

62. Rosa, M.F.; Chiou, B.S.; Medeiros, E.S.; Wood, D.F.; Williams, T.G.; Mattoso, L.H.C.; Orts, W.J.; Imam, S.H. Effect of Fiber 

Treatments on Tensile and Thermal Properties of Starch/Ethylene Vinyl Alcohol Copolymers/Coir Biocomposites. Bioresour. 

Technol. 2009, 100, 5196–5202. https://doi.org/10.1016/j.biortech.2009.03.085. 

63. Jumaidin, R.; Sapuan, S.M.; Jawaid, M.; Ishak, M.R.; Sahari, J. Thermal, Mechanical, and Physical Properties of Seaweed/Sugar 

Palm Fibre Reinforced Thermoplastic Sugar Palm Starch/Agar Hybrid Composites. Int. J. Biol. Macromol. 2017, 97, 606–615. 

https://doi.org/10.1016/j.ijbiomac.2017.01.079. 

64. Sarifuddin, N.; Ismail, H.; Ahmad, Z. Effect of Fiber Loading on Properties of Thermoplastic Sago Starch/Kenaf Core Fiber 

Biocomposites. BioResources 2012, 7, 4294–4306. https://doi.org/10.15376/biores.7.3.4294-4306. 

65. Jumaidin, R.; Saidi, Z.A.S.; Ilyas, R.A.; Ahmad, M.N.; Wahid, M.K.; Yaakob, M.Y.; Maidin, N.A.; Ab Rahman, M.H.; Osman, 

M.H. Characteristics of Cogon Grass Fibre Reinforced Thermoplastic Cassava Starch Biocomposite: Water Absorption and 

Physical Properties. J. Adv. Res. Fluid Mech. Therm. Sci. 2019, 62, 43–52. 

66. Lomelí Ramírez, M.G.; Satyanarayana, K.G.; Iwakiri, S.; De Muniz, G.B.; Tanobe, V.; Flores-Sahagun, T.S. Study of the Properties 

of Biocomposites. Part I. Cassava Starch-Green Coir Fibers from Brazil. Carbohydr. Polym. 2011, 86, 1712–1722. 

https://doi.org/10.1016/j.carbpol.2011.07.002. 



Polymers 2023, 15, 2364 15 of 15 
 

 

67. Edhirej, A.; Sapuan, S.M.; Jawaid, M.; Zahari, N.I. Cassava/Sugar Palm Fiber Reinforced Cassava Starch Hybrid Composites: 

Physical, Thermal and Structural Properties. Int. J. Biol. Macromol. 2017, 101, 75–83. https://doi.org/10.1016/j.ijbiomac.2017.03.045. 

68. Jumaidin, R.; Khiruddin, M.A.A.; Asyul Sutan Saidi, Z.; Salit, M.S.; Ilyas, R.A. Effect of Cogon Grass Fibre on the Thermal, 

Mechanical and Biodegradation Properties of Thermoplastic Cassava Starch Biocomposite. Int. J. Biol. Macromol. 2020, 146, 746–

755. https://doi.org/10.1016/j.ijbiomac.2019.11.011. 

69. Asim, M.; Jawaid, M.; Khan, A.; Asiri, A.M.; Malik, M.A. Effects of Date Palm Fibres Loading on Mechanical, and Thermal 

Properties of Date Palm Reinforced Phenolic Composites. J. Mater. Res. Technol. 2020, 9, 3614–3621. 

https://doi.org/10.1016/j.jmrt.2020.01.099. 

70. Saba, N.; Alothman, O.Y.; Almutairi, Z.; Jawaid, M.; Ghori, W. Date Palm Reinforced Epoxy Composites: Tensile, Impact and 

Morphological Properties. J. Mater. Res. Technol. 2019, 8, 3959–3969. https://doi.org/10.1016/j.jmrt.2019.07.004. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 

to people or property resulting from any ideas, methods, instructions or products referred to in the content. 


