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INTRODUCTION 

 Durian husk or skin is the waste product after the consumption of the durian fruit, which is known by local as the “King 

of fruits” [1]. The disposal of durian husk especially in landfill has caused various environmental issues such as soil contamination 

and disease spreading. The utilization of the natural fiber obtained from durian husk is seen as a potential solution to reduce the 

waste disposal and to diversify the usage of agricultural waste. 

The natural fiber is more eco-friendly and is seen as a suitable replacement for synthetic fiber. The natural fiber is light-

weight, non-abrasive, renewability and biodegradability, which found applications in many fields ranging from a consumer 

product to the automotive industry. The examples of natural fibers are fruit fibers, wood, silk, ramie, jute, hemp, kenaf, sisal, coir, 

flax and bamboo [2]. The natural fiber obtained from agricultural waste such as durian skin fiber (DSF) is inexpensive and can be 

used as a reinforcement agent in a polymer matrix to form biocomposite. Biocomposite can be referred to a multi-phase material 

in which reinforcement fillers are added and integrated into a polymer matrix, resulting in synergistic properties that cannot be 

achieved from either component alone [3]. 

Polylactic acid (PLA) is one of the most common biopolymers which is derived from a renewable resource. PLA has attracted 

much attention due to its advantages such as high strength, high modulus, compostable and regarded as a safe material for food 

packaging application [4]. However, the disadvantages of the PLA are having low thermal stability and low elongation property. 

Previous works have been carried out to improve the performance of the PLA by adding reinforcement agent or filler to form 

biocomposites. Sun et al. [5] reported the good interfacial adhesion between the PLA and treated coir fiber was attributed to the 

pretreatment of fiber, which led to the improvement in tensile modulus and impact strength. According to Koay et al. [6], the 

addition of untreated DSF increased the tensile strength and modulus of the recycled polystyrene foam/DSF composites but 

decreased the elongation at break. The good interfacial adhesion between the natural fibers and the matrix is important for the 

superior properties, and this can be achieved via physical or chemical methods. Physical methods include plasma and heat 

treatment of natural fiber. Meanwhile, chemical methods include alkaline treatment, acetylation and the use of coupling agent [7]. 

In this study, DSF was obtained from durian husk and treated with an alkaline solution (sodium hydroxide) to remove lignin, 

hemicellulose, wax, and oil covering the external surface of the fiber cell wall [8]. The chemical composition of the DSF was 
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reported to consist of 68.1% cellulose, 16.2% hemicellulose, 13.7% lignin, and 0.5% ash [9]. There is a lack of research works or 

publications on the treated DSF filled PLA biocomposite. Hence, this article investigated the effect of the treated DSF loadings on 

PLA and evaluated the weight loss of the PLA/DSF biocomposites subjected to soil burial and hygrothermal test for 80 and 14 

days, respectively. 

 
METHODOLOGY: 

Materials: 

The PLA pellet (grade 3051D) was purchased from Nature Work LLC, and the durian skin was obtained from the local stall at no 

cost. Sodium hydroxide (NaOH) was purchased from R&M Chemicals. 
 
Method: 
Sample preparation: 

The durian skin was first washed with tap water, sun-dried and cut into smaller pieces. The smaller pieces of durian skin 

were oven dried overnight at 70°C. The dried durian skin was then grinded into short fiber named DSF, sieved with a mesh size of 

600 micron to obtain the homogenous size of untreated DSF. The next step was to prepare the treated DSF by soaking in 5% of 

NaOH solution for an hour. The treated DSF were washed thoroughly with distilled water to remove the NaOH residue and dried 

again in the oven at 70°C for overnight. The purpose of the pre-treatment with NaOH was to enhance the adhesion between the 

natural fiber and polymer matrix. The PLA/DSF biocomposites were prepared via melt blending method (using Haake Rheomix at 

180°C, rotor speed of 50 rpm and retention time of 10 min) according to the formulation listed in Table 1. The amount of treated 

DSF was added at the range of 0, 15, 25 to 40 wt% and designated as PLA, 15% treated DSF, 25% treated DSF, and 40% treated 

DSF. There was one formulation designated as 30% untreated DSF to indicate the addition of 30wt% of untreated DSF into the 

PLA matrix. Compression machine (model: Moore E53) was used to mould the composites into a rectangular thin sheet of 1 mm 

thickness. The moulding steps included pre-heating at 180°C for 5 mins, followed by fully compression process for 2 min with 

150 bar and last, cooled the thin sheet for 8 min. The sheets obtained from compression moulding were cut into a square specimen 

of 2 cm x 2 cm for soil burial and hygrothermal testing. 

 

Table 1. Formulation for biocomposite 

                         Sample  PLA (wt %) DSF (wt %)   

        PLA                  100    0            

 15% treated DSF         85                 15           

25% treated DSF         75                    25 

40% treated DSF   60   40 

30% untreated DSF  70   30            

 

Characterization: 

Soil burial test: 

The initial weight of each specimen was recorded before buried in a gardening pot at a depth of 10 cm from the surface. The 

specimens were subjected to oven drying before and after soil burial at 50°C for 24 hr. The gardening soil with pH 6.9 was used. 

The soil was kept moist by spraying water regularly to promote microbial activity. The specimens were removed from the soil 

periodically to monitor the weight loss, and the soil burial test last for 80 days. Specimens were cleaned, dried and kept in a 

desiccator before weighing. The average weight of the specimens was obtained to calculate the percentage of weight loss by using 

Eq. 1. 

                              
     

  
                                                         

where    is the initial weight and    is the final weight of the specimen in gram.  

 

Hygrothermal test: 

The specimen was immersed into a water bath filled with distilled water at a temperature of 58°C. Before immersion, the 

initial weight of each specimen was recorded. This hygrothermal test investigated the weight change in the PLA/DSF 

biocomposites after exposure to a combination of heat and moisture attack. The specimen was removed from the water bath at a 

different time interval and wiped with tissue to measure the final weight. The weight loss calculation is the same as Eq.1. 

 

Scanning electron microscope (SEM): 

 The surface morphology of the PLA/DSF specimen before and after soil burial test was examined by using the FEI Quanta 

400 F FESEM at an accelerating voltage of 10 kV. 

 

RESULTS AND DISCUSSION 

Soil burial test: 

A soil burial test was performed on a laboratory scale to investigate the biodegradability of the PLA/DSF composites. Figure 

1 shows the weight loss (%) of the soil buried specimens. The 30% untreated DSF reported the highest percentage weight loss for 

all the days the weights were measured. Meanwhile, pure PLA reported the least percentage weight loss over all the other samples 
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being tested. Overall can see as the duration of buried time increased, the greater weight loss was observed, except on the day-45 

and day-70 where there were fluctuations of data. The biocomposites with treated DSF loadings of 15, 25 and 40% showed an 

average percentage weight loss between 2 to 3% and the higher the DSF content, the greater the weight loss recorded.  

The 30% untreated DSF biodegraded faster in the soil as compared to treated DSF biocomposites, with the weight loss of 5.6% 

at day-80. The untreated DSF contained a higher amount of amorphous materials such as lignin and hemicellulose, the disordered 

nature of amorphous region made it more susceptible for the microbial attack [10,11]. Moreover, the alkali pre-treatment step 

increased the interfacial adhesion between the fiber and the matrix [12], which gave resistance to the treated DSF composites 

neither hydrolysis nor microbial attack.  

PLA showed the negligible weight loss of ~1% at day-80. This result was in accordance with the previous studies that reported 

slow degradation of PLA in soil, attributed to the low hydrolysis rate at low temperature and water content, in addition, PLA-

degrading microorganisms are not widely found in the natural environment which makes the PLA is less susceptible to microbial 

attack in a natural environment as compared to other aliphatic polyesters [13, 14]. 

 

 
 Figure 1. Soil burial weight loss trend over 80 days. 

 

Hygrothermal test; 

The hygrothermal test was performed to understand the durability of the PLA/DSF biocomposites after exposure to heat and 

moisture for 14 days. Figure 2 shows the weight loss of the PLA/DSF compositesincreased with time. As being fully immersed in 

the water bath at a temperature of 58°C, the specimens were expected to gain weight at beginning stage due to the water 

absorption until reached a saturation point (this happened rapid and not reflected in figure 2), then experienced hygrothermal 

degradation beyond the saturation point. The hygrothermal degradation is an aging process which combines the impacts of both 

moisture and temperatures, resulting in the substantial weight loss and deterioration of mechanical properties [15].  

The weight loss in the PLA/DSF biocomposites was mainly caused by the dissolution of DSF from the developed micro-crack 

owing tothe hygrothermal environment. The PLA matrix experienced hydrolytic degradation under the moisture and heat attack 

via random cleavage of ester bond; this causes the long polymer chain to break into shorter water-soluble fragments [16]. In this 

study, the 30% untreated DSF showed the highest weight loss for the first seven days at 9%. Subsequently the weight loss was 

gradually slow down at day-14. The highest weight loss in untreated DSF biocomposite was attributed to the dissolution of the 

amorphous materials such as lignin andhemicellulose. The alkali treatment removed most of the amorphous materials and left with 

cellulose in DSF. Cellulose is composed of crystalline and amorphous regions [11]. The amorphous region can easily penetrate by 

chemicals or water, whereas the compactness of the crystalline region makes it hard for chemical penetration. Among the treated 

DSF specimens, the weight loss increases withan increase in the fiber content. The 40% treated DSF recorded the highest weight 

loss at 17% while 15% treated DSF recorded weight loss at 14% at day-14. The pure PLA was resistance to the hygrothermal 

degradation for the first 7 days and only encountered 2.2% weight loss by day-14 due to the hydrolysis of PLA. 
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Figure 2. Hygrothermal weight loss trend over 14 days. 

 

Morphology: 

The surface morphology for the 30% untreated DSF biocomposite before and after soil burial for 60 days is shown in Figure 

3. Before soil burial (Figure 3a), the specimen surface was smooth with no crack line, however, after soil burial (Figure 3b), pores 

and crack lines can be found on the surface of the biocomposite. Similar findings reported on the 40% treated DSF biocomposite 

(Figure 4), the specimen surface was smooth before soil burial, and crack lines were seen after soil burial for 60 days. The bigger 

size of cracks and pores were observed on the 30% untreated DSF, and this could explain the highest weight loss encountered by 

the untreated DSF as compared to treated DSF biocomposites during soil burial test. 
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Figure 3. SEM micrographs for 30% untreated DSF (a) before (b) after soil burial for 60 days. 
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Figure 4. SEM micrographs for 40% treated DSF (a) before (b) after soil burial for 60 days. 

CONCLUSIONS 

 

This work examined the degradation (weight loss) of the untreated and treated DSF filled PLA biocomposites after exposure 

to soil burial and hygrothermal tests. The incorporation of DSF as lignocellulosic material can accelerate the biodegradability of 

the PLA in soil. The untreated DSF showed higher weight loss than treated DSF, as the latter contained lesser amorphous 

materials such as hemicellulose and lignin after alkaline treatment, and the amorphous fraction of the biocomposites was more 

susceptible for microbial attack. In the hygrothermal test, the untreated DSF again showed higher weight loss due to a higher 

fraction of the amorphous region, which made it more susceptible to moisture and heat attack. Overall, the degradation (weight 

loss) of PLA/DSF biocomposites increased with the increasing DSF content. 
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