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In recent, the efforts to reduce environmental pollution by developing biodegradable 
material has received wide interest. The aim of this paper is to investigate the effect of 
durian skin fiber (DSF) on the properties of thermoplastic cassava starch (TPCS) matrix as 
the biodegradable material. The composites were prepared by using hot press technique 
to convert the starch into thermoplastic starch polymer. The effects of incorporating 
different amount of DSF (0-50 wt.%) on the matrix was evaluated using several testings, 
i.e., water absorptions, water solubility, thickness swelling, moisture content, 
biodegradation analysis and density measurement. The results show that incorporation 
of DSF has reduce the water absorption characteristic of the material. Thickness swelling 
of the sample were increase following the addition of DSF into the TPCS matrix, indicating 
improve environmentally friendly properties. Water solubility of the composites showed 
a decreasing trend with increasing DSF content. The morphology of the samples shows 
adhesion of fiber and matrix which indicates good compatibility between this 
component. Meanwhile, there is no apparent changes on the density of the composites 
following the incorporation of fiber. Overall, this finding shows that DSF has potential to 
improve the functional characteristics of TPCS matrix as alternative green material. 
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1. Introduction 
 

There is no doubt that the synthetic polymers do play an important part in this modern era in 
applications such as packaging products, household appliances, and automotive components. The 
wide application of synthetic polymers is mainly due to its light weight, low cost and water resistivity 
properties. However, under normal circumstances, synthetic polymers have an insignificant decay 
rate. Improper disposal of these material poses a threat in contributing to environmental pollution 
by its accumulation in landfills. Hence, to overcome this problem, a more biodegradable material is 
to be an alternate to synthetic polymers. 

Starch has been a promising alternative to synthetic polymers due to its availability, low cost and 
biodegradable properties [1,2]. It is a macromolecule consisting of α-D-glucose units, that comes in 
two forms: amylose and amylopectin [3]. Amylose is predominantly linear and slightly branched while 
amylopectin is highly branched. Starch can be formed into a thermoplastic starch (TPS) with the 
presence of heat, shear, and a plasticizer. However, TPS does show weak mechanical properties and 
lower dimensional stability when compared to synthetic polymer. Different type of starches made 
from potato, cassava, and corn are some the commonly used starch for the formation of TPS as seen 
in past studies [4-6]. To improve the properties of TPS, reinforcements are to be incorporated into 
the TPS. From past studies, improvements of TPS are made incorporating various type of natural 
fibers. 

Polymer composites is an engineering material which utilize the effect of matrix-reinforcement 
interaction to improve the characteristics of the polymer material. Various types of reinforcement 
have been developed for this application and natural fiber reinforcement is one of the most 
promising for more sustainable option of materials. The performance of natural fiber and its 
reinforcement has been reported in the previous studies [7–11]. 

Durian, also known as ‘Durio zibethinus’ is a popular seasonal fruit in South East Asian countries, 
known for its pyramidal spikes on the husks. Only 50-65% of durians are to be consumed, while the 
rest of the durian is considered as wastes [12]. Durian wastes includes the stem, skin, and seed of the 
fruit. Disposal of these natural wastes can result in a negative impact to the environment. Hence, 
durian skin can be a source of natural fiber for reinforcement in TPS. Despite the low value of this 
natural waste, durian skin possesses high potential as reinforcement due to the strong structure of 
this part which mainly contain of cellulose. Even though this natural resource possesses high 
potential as reinforcement, however, there are very few studies conducted on the performance of 
this material as reinforcement and none has been found on using durian skin fiber as reinforcement 
for thermoplastic starch/beeswax matrix. 

Therefore, in this study, we are incorporating natural materials such as cassava starch and durian 
skin fibers to develop a biodegradable material in efforts to be an alternate to synthetic materials. 
This paper focuses on the density, morphological properties, water affinity and the environmental 
properties of thermoplastic starch reinforced with a variation amount (0, 10, 20, 30, 40, 50 wt.%) of 
durian skin fiber (TPCS/DSF).  
 
2. Materials and Methodology 
2.1 Materials 
 

Food grade cassava starch was procured from Antik Sempurna Sdn Bhd, Malaysia. Glycerol used 
as a plasticizer was purchased from QReC Chemical. Beeswax was purchased from Sigma Aldrich 
chemical. Durian skin were collected from local market in Melaka, Malaysia. 
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2.2 Sample Fabrication 
 

Development of TPCS and DSF bio composite is carried out with TPCS as the matrix while DSF as 
the reinforcement in the composite. Durian skin collected from the stalls undergo a process called 
water retting for the extraction of DSF. Once the fibers are collected, it is dried before being used as 
reinforcement of TPCS. Ratio of cassava starch to glycerol is kept constant at 100:30 (wt. %). Both 
components are mixed inside a high-speed mixer (1200 rpm) until a homogenous mixture is obtained. 
The mixture is then hot pressed at a temperature of 155°C, with pressure of 30 tons for 1 hour. TPCS 
of different fiber loading (0, 10, 20, 30, 40, 50 wt.%) is developed (Table 1). Samples were placed in 
the desiccator immediately to avoid unwanted moisture adsorption until further testing. 
 

Table 1 
Composition of the sample prepared 
Fiber content (wt.%) Designation 

0 TPCS/DSF0 
10 TPCS/DSF10 
20 TPCS/DSF20 
30 TPCS/DSF30 
40 TPCS/DSF40 
50 TPCS/DSF50 

 
2.3 Moisture Content 
 

To determine the moisture content of the samples. The initial mass of the samples is taken before 
it is placed into the oven for 24 hours at 105°C. The final weight of the samples after drying is 
recorded. Percentage of the change of weight of the samples are calculated as in Eq. (1). Wf 
represents the final weight and Wi represents the initial weight of the samples. 
 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 (%) =
𝑊𝑖−𝑊𝑓 

𝑊𝑖
× 100%          (1) 

 
2.4 Water Adsorption 
 

Water adsorption testing of the samples were carried out with ASTM 570-98 as reference. 
Samples are first dried in the oven for 24 hours at 105°C, then weighed to obtain its initial mass. The 
samples are then placed into distilled water at room temperature. The masses of the samples after 
submerged in distilled is recorded after 30 minutes and 2 hours were recorded. Weight difference of 
the samples corresponds to the amount of water adsorbed. Percentage of the change of weight of 
the samples are calculated as in Eq. (2). Wf represents the final weight and Wi represents the initial 
weight of the samples. 
 

𝑊𝑎𝑡𝑒𝑟 𝑎𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 (%) =
𝑊𝑓−𝑊𝑖 

𝑊𝑖
× 100%          (2) 

 
2.5 Thickness Swelling 
 

Testing for the thickness swelling of the samples is carried out with using ASTM D570-98 as 
reference. Samples are first dried in the oven for 24 hours at 105°C, the initial thickness of the 
samples are taken using a Mitutoyo digital calipers. The samples are then placed into distilled water 
at room temperature. The final thickness of the samples is recorded after submerged in distilled 
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water for 30 minutes. Percentage of the thickness swelling of the samples is calculated in Eq. (3). Tf 
represents the final weight and Ti represents the initial weight of the samples. 
 

𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑠𝑤𝑒𝑙𝑙𝑖𝑛𝑔 (%) =
𝑇𝑓−𝑇𝑖 

𝑇𝑖
× 100%          (3) 

 
3. Result and Discussion 
3.1 Moisture Content 
 

Figure 1 shows the moisture content of the TPCS samples. There are significant changes in the 
moisture content of the samples with increasing fiber content up to 40 wt.%. TPCS/DSF0 samples 
shows the highest moisture content of 6.00 wt.%, followed by 4.89 wt.%, 3.39wt.%, 2.33 wt.% and 
1.72 wt.% for TPCS/DSF10, TPCS/DSF20, TPCS/DSF30, TPCS/DSF40. The decreasing in the trend of 
moisture content is attributed by the greater adhesion between the reinforcement and matrix [13]. 
However, TPCS/DSF50 samples show increase in the moisture content up to 4.00 wt.% could be due 
to the insufficient fiber-matrix wetting in the samples [13]. This would result in the interaction 
between moisture and carboxyl groups in the fiber [14]. 
 

 
Fig. 1. Moisture content of TPCS samples 

 
3.2 Water Adsorption 
 

Water adsorption of TPS is an important factor in investigating the water affinity of the material 
when applied in a realistic environment. Figure 2 shows the water adsorption of the TPCS samples 
after two periods, 30 minutes, and 2 hours. After a longer period, the TPCS samples shows higher 
water intake. This could be caused by the hydrophilic properties of both the starch matrix and the 
fiber reinforcement [15]. However, TPCS/DSF40 shows the lowest water adsorption rate in both time 
periods. This is caused by the great adhesion between the starch matrix and the fiber [16]. The 
increase in the water intake of TPCS/DSF50 could be resulted by the insufficient fiber-matrix wetting 
[13]. 
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Fig. 2. Water adsorption of TPCS samples 

 
3.3 Thickness Swelling 
 

Thickness swelling of a TPCS is an important parameter in the structural stability of the material 
when exposed to water. Figure 3 shows the fluctuation of the thickness swelling of TPCS samples. 
This fluctuation could be caused by the non-homogenous structure in the samples [15,17]. However, 
TPCS/DSF50 shows the lowest thickness swelling rate compared to other samples reinforced with 
DSF. This could be caused by the high crystallinity of the fibers and the higher affinity of water 
molecules to react with starch [17,18]. 
 

 
Fig. 3. Thickness swelling of TPCS samples 

 
4. Conclusion 
 

A biodegradable material can be successfully developed with TPCS and DSF through dry mixing 
and hot pressed at the specified parameters. It is seen that there is a decrement of the moisture 
content and water adsorption of TPCS with the incorporation of DSF. This indicates the improved 
resistance to moisture with the incorporation of DSF. However, this finding was accompanied with 
increase in the thickness swelling of the samples. Nevertheless, this study shows that the addition of 
DSF able to improve the moisture resistance and water affinity behavior of the samples. Overall, this 
new material is a potential environmentally friendly material which could be used as alternative to 
the petroleum based plastic. 
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