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ABSTRACT
The creation of degradable biocomposites is anticipated to alleviate the challenges of 
worldwide environmental contamination and resource exhaustion. The study investigates 
the effect of coconut fiber on the environmental properties and water affinity behavior 
of thermoplastic starch/beeswax composite. The biocomposites were fabricated by 
incorporating the coconut husk fiber range from 10 to 50 wt%. The thermoplastic starch 
contains cassava starch, glycerol, and beeswax. The modification of the mixture became 
efficient when the mixing was determined to be stronger when used as a high-pace blender 
to aid the mixing process. The mixture then underwent a hot compression molding method 
to form the mixture into the desired sample form. We can conclude from the results that 

samples with high fiber content absorb 
less water than those with no fiber content. 
For moisture absorption, when the fiber 
content increases, the ability of the fiber 
to moisture absorption is decreased. The 
thickness swelling results show that the 
sample shows less swelling as the fiber 
percentage increases. For the soil burial 
test, incorporating 50 wt% coconut fiber 
decreases the weight reduction for 4 weeks. 
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For the water solubility test, the solubility of 50 wt% is the best. Based on the findings, 
integrating coconut fiber into the modified thermoplastic cassava starch increases the 
composite properties relative to the non-reinforcement matrix material starch.

Keywords: Biodegradation, coconut fiber, soil burial, thermoplastic starch 

INTRODUCTION

Due to the fast development of technology, the environment was exposed to many types 
of pollution, including microplastic pollution due to synthetic petroleum-based polymer 
plastics. Thus, engineers and scientists are collaborating to introduce novel biomaterials 
to reduce environmental harm. Currently, biopolymers reduce pollution, which can 
be decomposed easily. Recent research focuses on producing a substance composed 
of starch biopolymers (Abotbina et al., 2022). Starch is one of the best-promised raw 
materials for biodegradable growth, which can be naturally available carbohydrates from 
various cultivations (Punia Bangar et al., 2021). Native starch usually exists in a common 
granule structure with 15–45% crystallinity. Besides that, starch is one of the most 
important materials used to produce thermoplastic starch with the help of plasticizers as 
the reinforcement to enhance the mechanical properties, physical properties, and thermal 
properties of the biopolymer (Diyana et al., 2021; Fuqua et al., 2012; Tarique et al., 2021). 
The starch can be transformed into thermoplastic, TPS, under high temperature and shear 
(Yoksan et al., 2022). Thermoplastic starch can produce a naturally reinforced composite 
using natural fibers (Diyana et al., 2021). The chemical similarities of starch and plant 
fiber provide strong compatibility when the natural fibers combined with TPS enhance 
their mechanical properties.

One disadvantage of thermoplastic starch (TPS) for packaging is that it is not as strong 
as other plastic materials, such as polyethylene, and may break down over time (Ilyas et al., 
2018). Additionally, TPS is biodegradable only under certain conditions, such as industrial 
composting, which may not be readily available. As a result, TPS packaging may not be 
as durable or sustainable as other plastic packaging options. Many materials can reinforce 
the composite material (Fuqua et al., 2012). These criteria of the natural fiber encouraged 
the researchers to develop natural fiber to become natural composites. Due to the low 
economic development and improving rural areas, natural fiber-reinforced composites 
have become the prime factor in reducing the world’s need for petroleum-based materials 
(Fuqua et al., 2012).

Adding commercial cellulose fiber or micro-fiber improves the water resistance of 
the TPS (Ma et al., 2005). Recent studies have shown that the use of natural fiber in the 
composite will increase the capacity of traditional thermoplastics; it is identified that 
coconut husk fiber can be used to produce a better and improved quality of reinforced 
composite with the aid of a plasticizer in the mixture (Mościcki et al., 2012; Thinkohkaew 
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et al., 2020). In a previous study reported by Jústiz-Smith et al. (2008), the tensile strength 
values of coconut fibers are comparable to those reported in the literature (Eichhorn et al., 
2001), although in the case, the mean value of coconut fiber was smaller than 175 MPa. 
Previous research suggested that natural fiber, by physical and mechanical characteristics 
such as tensile strength, is stronger than synthetic fiber. The cellulose content accounts for 
the high tensile strength of composite materials; thus, materials fabricated from these fibers 
show good mechanical properties and can be used when the strength is important (Jústiz-
Smith et al., 2008). Natural composites are given huge attention for the development of 
the perceived negative impact of plastics in solid waste disposal (Willett, 2009). Improving 
bio-natural composite material is supposed to reduce the environmental emissions caused 
by traditional thermoplastics and introduce better materials that are safer and pollution-free 
for the users and nature. Several studies were conducted to analyze the potential of natural 
fiber-reinforced composites. According to a study by Jumaidin et al. (2021), thermoplastic 
starch was reinforced with banana leaf fiber, significantly enhancing its mechanical 
properties. Meanwhile, a study conducted by Hazrati et al. (2021) utilized thermoplastic 
starch and Dioscorea hispida fiber to demonstrate that the modification of thermoplastic 
starch resulted in enhanced material properties. The water solubility of the biocomposite 
has decreased while its mechanical properties have increased.

Beeswax is wax that occurs naturally and can be obtained from a bee’s hive. It is 
generally known as the most effective hydrophobic organic molecule that may be utilized 
for reducing water sensitivity. Examining raw beeswax quality is based on its physical 
color appearance, which indicates its product value. After manipulation, the freshly 
produced beeswax initially appears light or white but transforms to yellow, dark yellow, and 
brownish tones. However, the incorporation of beeswax into thermoplastic starch resulted 
in a reduction of the mechanical properties of the bio-composite due to poor compatibility 
(Zhang et al., 2018), attributed to the formation of a heterogeneous film and structural 
discontinuities upon the addition of beeswax. Therefore, the issue of incompatibility must 
be addressed when combining hydrophilic thermoplastic starch and hydrophobic beeswax. 
Incorporating natural fiber reinforcement within the thermoplastic starch/beeswax matrix 
presents a promising solution to address this issue. 

Even though studies have reported using thermoplastic starch/beeswax as the matrix 
in composites, none has reported the utilization of coconut fiber as the reinforcement via 
the hot compression molding method. Thus, this study aims to investigate the effect of 
coconut fiber on the environmental properties and water affinity behavior of thermoplastic 
starch/beeswax composite.
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MATERIALS AND METHODS

Materials

The coconut husk was obtained from the coconut farm and soaked in water for 2 weeks. 
The soaking process helped to extract the fiber as the filler. Then, the coconut husk has 
isolated the fiber from the rest of the coconut husk. The collected coconut fiber was sun-
dried for 1 day to ensure the fiber dried completely. The fiber is then ground to produce a 
short fiber of approximately 1 cm long with a diameter range of 125 to 300 microns. The 
fiber is then put in an oven at a temperature of 105°C for 5 hours to eliminate the moisture 
content of the fiber. Cassava starch obtained was purchased from Antik Sempurna Sdn. 
Bhd., Shah Alam; Glycerol was obtained from QReC (Asia) Sdn. Bhd., Rawang with an 
AR grade of 99.5% and beeswax was obtained from Aldrich Chemistry.

Sample preparation

Prior to the composite’s preparation, thermoplastic cassava starch (TPCS) was mixed 
with 5% beeswax to reduce the moisture sensitivity of the material. Then, TPCS/Beeswax 
with coconut fiber was modified by incorporating different amounts of coconut fiber (0, 
10, 20, 30, 40, 50 wt.%) into the polymer matrix. The mixture was pressed at 145°C for 
approximately 1 hour and a cooling process at 30°C for about 15 minutes. The hot pressing 
was carried out using Go Tech hydraulic testing.

Scanning Electron Microscopy (SEM)

A scanning electron microscope (SEM), Zeiss Evo 18 model, and a 10 kV acceleration 
voltage were used to analyze tensile fractured surfaces' morphology.

Fourier-Transform Infrared Spectroscopy (FTIR)

The Fourier-Transform Infrared Spectroscopy, FTIR, was used to analyze and detect the 
presence of the functional groups. The results of this test will be obtained using the JASCO 
FT/IR-6100 IR spectrometer Japan.

Thickness Swelling

The swelling analysis of the samples was conducted using the enhanced method developed 
by Jawaid et al. (2011). Five (10 mm × 10 mm × 3 mm) samples were cut and oven dried 
for 24 h at 105°C ± 2. The samples were immersed in distilled water at room temperature 
of 23°C ± 1, ranging from 30 minutes to 2 hours. The initial thickness of the sample was 
recorded as (Ti), and the final thickness of the samples was recorded as (Tf).

𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 %: [{𝑇𝑓−𝑇𝑖} / 𝑇𝑖] 𝑋 100%
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Moisture Content

The moisture content refers to the amount of water present in a sample. The water uptake 
capacity of each sample was assessed by measuring the weight loss according to the ASTM 
D 644-94 (1994). Moisture content was evaluated for five samples with measurement (10 
mm x 10 mm x 3 mm). The weight of the specimens was registered for the initial weight, 
Wi, and placed into an oven to undergo the drying process for 24 hours at a temperature of 
105°C. The final weight, Wf of the specimen, is recorded immediately after the specimen 
is removed from the oven to ensure the surrounding moisture will not be absorbed into the 
specimen while weighing the specimen.

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 %: [{𝑊𝑓−𝑊𝑖} / 𝑊𝑖] 𝑋 100%

Water Absorption

The investigation involved the analysis of water absorption using the ASTM D 570-98 
(1998) approach. Five specimens, each measuring (10 × 10 × 3 mm), were subjected to 
a drying process for 24 hours in an air-circulating oven at a temperature of 105°C ± 2 to 
remove any residual moisture from the samples. Then, the samples were dipped into the 
water at room temperature of 23°C ± 1 with a range of time from 30 minutes to 2 hours. 
The specimens were weighed before, Wi, and after, Wf the immersion to obtain the water 
absorbed by the samples.

𝑊𝑎𝑡𝑒𝑟 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 %: [{𝑊𝑓−𝑊𝑖} / 𝑊𝑖] 𝑋 100%

Moisture Absorption

Five (5) samples, each with dimensions of 10 x 10 x 3 mm, were prepared. The samples 
were dried in a vacuum oven at 105°C for 24 hours. After drying, the samples were cooled 
in a desiccator until they reached constant weight and practical equilibrium. The samples 
were placed in a relative humidity chamber at 75% and 25°C. The humidity chamber was 
obtained from GOTECH, GT-7005, China. For the removal of the existing moisture from 
the samples, the samples were dried in a circulating oven for 24 hours at a temperature 
of 10°C. The mass of the sample was reported before Mi and after Mf in the humidity 
chamber phase.

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝐴𝑏𝑠𝑜𝑟𝑡𝑖𝑜𝑛 %: [{𝑀𝑓−𝑀𝑖} / 𝑀𝑖] 𝑋 100%

Density Test

The composite's density measurement was conducted per the ASTM D1895 standard. Five 
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specimens, each measuring 10 x 10 x 3 mm, were prepared and subjected to drying for 24 
hours in an oven maintained at a temperature of 105°C to remove the existing moisture 
content in the specimen. Then, the densimeter weighed the samples, and the reading was 
recorded. Later, the specimens were inserted into the water inside the densimeter to identify 
the specimen's density and volume.

𝐷𝑒𝑛𝑠𝑖𝑡𝑦: 𝑀𝑎𝑠𝑠 / volume

Environmental Testing

Environmental testing is the performance measurement of the material under a specified 
condition caused by the environment. Two tests were conducted, such as water solubility 
and soil burial, to analyze the weight loss of the sample after undergoing the testing 
accordingly.

Water Solubility

The water solubility analysis of the samples was performed using the methodology 
developed by Zhang et al. (2018) with minor adjustments. Five samples measuring (10 
mm x 10 mm x 3 mm) were cut, and the initial weight of the specimens was recorded. 
Secondly, the specimens were immersed in a container of 30 ml of distilled water and 
stirred slowly. Once the process was complete, the remaining sample was removed from 
the container, and the surface water of the sample was cleaned by covering filter paper on 
the specimen’s surface. The samples were dried again for 24 hours at 105°C ± 2 to assess 
the final weight of the specimens.

𝑊𝑎𝑡𝑒𝑟 𝑆𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦 %: [{𝑊𝑓− 𝑊𝑖} / 𝑊𝑖] 𝑋 100%

Soil Burial

The biodegradation test was conducted using the methodology adopted by Jumaidin et al. 
(2020). The soil mixture was 50% sand and 50% soil obtained. The water content of the 
soil and the mixture were kept within the range of 30–40% by adding 400 ml of water per 
day to 1250 g of the mixture. A plastic green mesh was used to cover the sample before 
burial to ease the removal of the specimen from the soil, which will ensure there is an 
allowance for the microorganisms and moisture to be in contact with the samples. Firstly, 
the specimens were weighed to get the initial weight, Wi, before the testing. Secondly, the 
specimens were covered with soil and stapled together with plastic green mesh before the 
specimens were buried. Then, the specimens were buried into the polybag with a depth of 
10 cm. Fourthly, the specimens were removed from the polybag at specified intervals and 
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cleaned with distilled water to remove impurities from the sample surface. The specimens 
were dried for 24 hours in a circulating oven at a temperature of 105°C. The specimens 
were dried for 24 hours in a circulating oven at a temperature of 105°C and weighed to 
get the final sample weight, Wf.

𝑆𝑜𝑖𝑙 𝐵𝑢𝑟𝑖𝑎𝑙 %: [{𝑊𝑓−𝑊𝑖} / 𝑊𝑖] 100%

RESULT AND DISCUSSION

Scanning Electron Microscopy (SEM)

SEM images of thermoplastic starch reinforced with coconut fiber (0, 10, 20, 30, and 50 
wt%) are displayed in Figure 1. In the 0 wt% specimen, the surface of the specimen was 
observed to be in glossy granular patterns due to the presence of beeswax changes in the 
composition of the starch. For the specimen with 10 wt% coconut fiber, a crack line can 
be found on the specimen, acting as phase separation. Thus, the strength between the 
specimens is weak, and the specimen has no reinforcement. Specimen with 20 wt% fiber, 
there is no separation between the fiber and the matrix as the fiber mixed homogeneously 
with the matrixes. Specimen with 30 wt% shows a good adhesion of the matrix and coconut 
fiber, and specimen with 50 wt% shows the presence of void and fiber breakage as the 
percentage of fiber increases.

0 wt% 10 wt%

20 wt%

50 wt%

30 wt%

Figure 1. SEM micrograph of TPCS reinforced with coconut fiber

Crack

Good adhesion
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Fourier-Transform Infrared 
Spectroscopy (FT-IR)

The pattern of the composites was similar to 
other fiber composites, even though they had 
different percentages of fiber. It indicates 
that combining other materials with starch to 
form a composite will not be influenced by 
the starch’s chemical composition. The main 
goal of the FT-IR test was to characterize 
the chemical bonding of TPCS with cassava 
starch.

0 wt% 10 wt%

20 wt%

50 wt%

30 wt%

Figure 1. Continue

Fiber

Void

Figure 2 shows the results obtained from the FTIR test on the TPCS and its composite 
reinforced with coconut fiber. The starch and coconut fiber have contributed to the presence 
of a hydrogen-bonded hydroxyl group, O-H, which was 3400–3200 cm-1. According to 
Venkatachalam et al. (2016) findings, the involvement of amylose and amylopectin in jute 
fiber has been shown to affect the presence of the O-H group in the spectrum. The specimen 
was also present in the C-H range of aliphatic hydrocarbon groups found in the 2936–2916 
cm-1 range. The C-H bonding found with 20 to 50 wt% found a decrease from 2919.9 cm-1 

to 2919.0 cm-1. These findings agree with the study by Alawar et al. (2009), which reported 
that the presence of the C-H band comes from natural fiber components such as cellulose 
and hemicellulose. Other than that, the N-H range of hydrocarbon groups was found in 

Figure 2. Results obtained from conducting the FTIR test on the TPCS reinforced with coconut fiber
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the 2806-2000 cm-1 range. The peak found a continuous decrease from specimen 30 wt% 
to 50 wt% from 2166.6 cm-1 to 2158.0 cm-1. 

Meanwhile, a small change in the rotation of the O-H bands could be observed as the 
percentage of fiber loading increases. Specimen with 10 wt% fiber peaks at 3307 cm-1; as 
the percentage increases, the peak changed to lower the wavenumber as observed with 
30 wt% fiber specimens, the peak at 3283.2 cm-1. According to the study conducted by 
Alawar et al. (2009), the increase of intermolecular hydrogen bonding has been clarified 
to influence the peak of the spectral band. The results reveal that the TPCS/BW matrix is 
compatible with the coconut fiber.

Thickness Swelling

Figure 3 shows the thickness swelling for TPCS and its composites. The specimen with a 
higher fiber proportion was found to swell less. For 30 minutes and 2 hours, the amount of 
thickness swelling of the specimen with 0 wt% fiber is 21.69% and 39.32%, respectively, 
and for the specimen with 50 wt% fiber is 6.96% for 30 minutes and 14.17% for 2 hours, 
respectively. The thickness swelling value for 30 minutes keeps decreasing from 30 wt% 
to 50 wt% while the swelling value for 2 hours, from 30 to 50 wt%, overall decreasing. 
This finding concludes that the swelling of the specimen decreases with the rise in the 
percentage of fiber loading due to the presence of a void in the specimen (Masoodi & Pillai, 
2012). A void in the composite influences the specimen’s dimensional stability and causes 
the specimen to start to delaminate because it absorbs water (Masoodi & Pillai, 2012). 
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Figure 3. Thickness swelling results from TPCS reinforced with coconut fiber
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The observed outcome can be ascribed to fiber in the composites, which exhibits a stiffer 
configuration than starch, thus imparting greater dimensional stability to the composites 
(Kamaruddin et al., 2023).

Moisture Content

The moisture content testing is important to conduct in composites' consistency, 
development, and degradation. Determination of the moisture content is also important 
for the uniform measurement of the content of other composite materials. The moisture 
content was tested to determine the amount of moisture in the TPCS matrix specimen and its 
composite. The moisture content in the composite is influenced by the form of hydrophilic 
material used, such as glycerol, starch, and fiber (Mubashar et al., 2009).

On the other hand, the moisture content in the composite can impact physical and 
environmental properties such as water absorption, moisture absorption, water solubility, 
and biodegradation (Wang et al., 2006). The moisture content analysis indicates that fiber 
incorporation raises the composite’s moisture content due to the hydrophilicity of coconut 
husk fiber. According to the study conducted by Wang et al. (2006), composites with 
40%, 50%, 55%, and 60% fiber loads did not demonstrate the level of which signals the 
equilibrium moisture absorption.

Figure 4 shows that the specimen with the highest moisture content is 0 wt%, and 
the lowest moisture content is 40 wt%. The results show that fiber integration reduces the 
moisture content of the composite, but only for 50 wt% fiber content shows rise, attributed 
to void. According to the study by Joshi et al. (2004), it was found that the moisture content 
of TPCS is lower compared to the specimen with natural fiber mixed with TPCS. It proves 
that the presence of natural fiber increases the moisture content of the composites.

Figure 4. Moisture content results for TPCS 
reinforced with coconut fiber

Water Absorption

Water absorption of natural composites 
is a significant concern for their future 
outdoor applications. Coconut husk fiber 
water absorption reinforced unsaturated 
polyester composites following so-called 
pseudo-Fickian conduct were found (Akil 
et al., 2009).

Based on testing results, reducing water 
absorption depended mainly on matrix 
affinity. Compared to water, the fiber results 
in a better interface bonding between the 
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fiber matrix and the bonding created by the higher fiber loading, which prevents water 
from spreading into the matrix (Akil et al., 2009).

The water absorption ability of the TPCS matrix and its composite when immersed 
in water for 30 minutes and 2 hours are shown in Figure 5. For most specimens, water 
absorption results in 40 to 46% absorption when submerged in water for 30 minutes, which 
shows no substantial difference. 

Figure 5. Water absorption result for TPCS reinforced with coconut fiber

As for the specimens submerged in water for 2 hours, it was observed that as fiber 
content increases, the amount of water absorbed decreases, but only for 10 wt% fiber; there 
is a rise due to phase separation, as mentioned in SEM micrograph analysis. 

The lowest water absorbed in the specimen is fiber, with 50 wt% valued as 41.84% 
water absorbed. Generally, the 30-minute and 2-hour water absorption graphs show a 
constant decrease in the amount of water absorbed. Specimen with 30 wt% fiber for 30 
minutes absorbed 40.97% of water while absorbed 83.9% of water for 2 hours testing time. 
According to the study conducted by van Bavel (1996), higher cellulose content in natural 
fiber can help to increase water absorption.

Moisture Absorption

According to the study conducted by Kim et al. (2016), the rate of absorption of moisture 
is the rate of transport of water molecules through molecules that can be caused by certain 
conditions, such as the diffusion coefficient, the state of the atmosphere or equilibrium, 
and even the dimension of the substance itself. A moisture absorption test is important to 
be carried out in a composite to identify the rate of moisture absorption by the composite. 
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This finding is in agreement with the study by Kim et al. (2016), which reported that the 
absorption of moisture in thermoplastic material is one of the major causes of thermoplastic 
failure because the presence of moisture absorbed from the environment in the TPS causes 
the formation of hydrogen intermolecular bonding with the fiber, which weakens the matrix 
and the fiber interfacial bonding. According to Kim et al. (2016), a weaker matrix and 
fiber interfacial bonding will cause the rate of water absorption to increase dramatically.

Figure 6 shows the results obtained by conducting a moisture absorption test. Overall 
results show that the sample completely absorbed the moisture to its potential, suggesting 
that the sample was extremely hygroscopic. However, the specimen with 0 wt% fiber has 
the least moisture absorption in terms of fiber loading, and the specimen with 10 wt% 
has the highest moisture absorption within 5 days. It was found that composite with 20 
wt% to 50 wt% fiber has a lower percentage of moisture absorption by 14.17% for 20 
wt% fiber, 12.47% for 30 wt% fiber, 10.81% for 40 wt% fiber, and 11.14% for 50 wt% 
fiber, respectively. The results obtained for 0 wt% are lower than the other fiber loading 
specimens due to the low interfacial bonding of the specimens’ matrix and the presence 
of the void in the specimen.

This result is correlated with the water absorption test, proving that the interfacial 
bonding of the specimen’s matrix and fiber is better with an increasing percentage of fiber 
in the specimen. The hydrophilic properties of the fiber cause the moisture absorption of 
the specimen. This finding agrees with the study by Wang et al. (2006); due to the strong 
hydrophilic characteristics of bamboo, the increasing amount of bamboo fiber in the TPS 
and the bamboo composite increase the absorption rate.

Figure 6. Moisture absorption of TPCS reinforced with coconut fiber
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Density Test 

According to the study conducted by Kilinç et al. (2017), the strength of the natural 
composite directly affects the fiber density. Polymer molecular weight, fiber percentage, 
fiber processing processes, and fiber stretching specifically influence fiber density. Due 
to the ability of natural fiber to be low cost and low density, the mechanical properties of 
natural fibers are enhanced with fiber treatment (Bhatnagar et al., 2015).

Figure 7 shows the results obtained from the density test. The results overall increase 
when the percentage of the fiber increases. The density of the 0 wt% specimen is 1.401. The 
density of the 10 to 50 wt% was 1.303, 1.250, 1.232, 1.111, and 1.232 kg/m3, respectively. 
The densimeter was used to obtain the density of the specimens. The density value of 
specimens increases as the fiber percentage increases.

Figure 7. Density of TPCS reinforced with coconut 
fiber

This result was similar to the moisture 
content of the coconut fiber composite. This 
finding agrees with the study of Bhatnagar 
et al. (2015); the packing reduces due to the 
presence of long fibers in the composites, 
interrupting fiber flow and resulting in high 
void spaces. With the rise in fiber content, 
the void content in the composite increases. 
In natural fibers, large concentrations of 
the hydroxyl group make them polar and 
hydrophilic. This polar nature in natural 
fiber-based polymer composites also results 
in high moisture absorption, leading to 
fiber swelling and voids in the fiber-matrix 
interface.

Water Solubility

Another significant quality of using fibers as polymer reinforcement is the tendency of 
natural fiber to be soluble in water. To effectively soluble in water from natural fibers, it 
is important to understand the water solubility mechanisms in these materials (Väisänen 
et al., 2017). From the obtained results, it can be concluded that when the fiber content 
increases, the water solubility levels are lower.

Figure 8 shows the results of the water solubility of TPCS/BW and its composite. 
The results show a continuous decrease in the water solubility of the specimen as the 
fiber percentage increases. The specimen with 0 wt% values water solubility percentage 
of 46.31%, the specimen with 10 wt% fiber values water solubility percentage of 64%, 
while 20 to 50 wt% values at 59.38%, 57.95%, 48.22%, and 28.57%, respectively. These 
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results are similar to moisture absorption 
testing. According to the study by Ma et al. 
(2005), the increasing percentage of fiber in 
a composite may decrease the solubility of 
the composite.

This finding is in agreement with the 
study by Akil et al. (2011), which reported 
that it is likely that the interfacial bonding of 
the matrix and fiber is stronger with a higher 
percentage of fiber, similar to the results 
obtained from the moisture absorption test. 
The high fiber usage in the specimen could 
impair the excluded outcome. Additionally, 
this observation is consistent with prior 
research on the development of cornhusk/
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Figure 8. Results of the water solubility of TPCS 
reinforced with coconut fiber

sugar palm fiber reinforced corn starch-based hybrids, which indicated that adding sugar 
palm fiber resulted in reduced sample solubility (Ibrahim et al., 2020).

Soil Burial

“Biodegradation” in the biomedical sector refers to hydrolyzes and oxidations, the main 
mechanisms of polymer degradation (Mumtaz et al., 2010). Based on Kalka et al. (2014), 
polymer biodegradation can involve various steps, including polymer degradation by 
decomposing organisms.

Referring to the results obtained, a mass reduction for the specimens showed a 
decreasing trend with the increased fiber loading. The soil burial test was similar to the water 
absorption test result (Mansor et al., 2015). A study by Mumtaz et al. (2010) showed that 
certain natural fiber composites slow the degradation rate as the fiber percentage increases. 
This finding agrees with the study by Kalka et al. (2014), which reported that the growth 
in date palm and flax fiber in the composite reinforced corn starch indicates a decline in 
the mass reduction percentage. It can be assumed that the higher the fiber content in the 
samples, the lower the sample's percentage of mass reduction.

Figure 9 shows the results gathered from 4 weeks of soil burial tests. The overall 
result shows a reduction in the mass of the specimen. For the specimen with 0 wt%, the 
mass reduction is 45.11%, and the lowest is a specimen with 20 wt% values at 40.33%. In 
addition, the specimen with fiber content from 30 to 50 wt%, values 50.39%, 50.12%, and 
38.85% respectively. This overall result can be obtained compared to the water absorption 
result. The specimen with 10 wt% fiber mass reduction is higher than the other fiber content 
specimen due to a void in the specimen.
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CONCLUSION

Thermoplastic starch reinforced with 
coconut fiber was successfully prepared 
through dry mixing and hot-pressing. It was 
found that incorporating coconut fiber has 
reduced the water absorption and moisture 
content of the thermoplastic starch matrix. 
A decrease in the material's thickness, 
swelling, and solubility accompanied this 
finding. Composites with 50 wt% fiber 
show the least water absorption and swelling 
percentage. This result can be associated 
with improving the material's dimensional 
stability, which is less hydrophilic than the 
neat thermoplastic starch matrix. Soil burial 

Figure 9. Mass reduction (%) from the soil burial test 
for TPCS reinforced with coconut fiber
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results show that higher fiber content led to lower degradation activity of the material, 
where 50% fiber shows the lowest weight reduction. Overall, incorporating coconut fiber 
has reduced the hydrophilicity characteristic of the material, increasing the potential of this 
composite as an alternative material for more environmentally friendly bioplastic products. 
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