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INTRODUCTION 
 
Plastic has been widely recognized in people's daily lives. Plastic is one of the essential materials that are used in food packaging 

due to the advantages that are reflected in their physical properties [1]. The majority of plastic available on the market comes 

from petroleum resources [2]. Plastic is a synthetic polymer made from crude oil with various additives [3]. Synthetic polymers, 

including materials that are quite difficult to be degraded by nature or known as "non-biodegradable" because it is persistent that 

lasts for hundreds of years without being degraded, causing pollution and environmental damage [4, 5].  

Along with technological developments, one solution to overcome the problem of plastic waste is by creating an 

environmentally friendly alternative to conventional plastics, such as biodegradable plastic. Biodegradable plastics are plastics 

developed from natural resources such as biomass materials from agriculture, which were environmentally friendly [6]. The term 

"biodegradable" refers to materials that can destroy or break down naturally into biogas and biomass as a result of exposure to 

the microbial environment and humidity [7]. 

Previous studies reported biodegradable plastics based natural resources such as; rice protein [8], sago starch [9], and 

starch/chitosan with additional pineapple leaf [6]. The focus of their research was on mechanical properties, biodegradation, and 
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other properties. Among these biopolymers, starch is one of the promising materials because of its available in huge quantities, 

low cost, renewable resources and inherent biodegradability [10, 12]. 

In this study, we have used starch from sago waste, especially sago pith waste. Besides, having a lot of starch, sago pith waste 

can also be used as animal feed because the superiority of complete feed is balancing nutrition, cheap material and also the raw 

materials derived from agricultural and agro-industrial waste treatment [12]. But, the focus of this research about how to make 

biodegradable plastic from sago pith waste starch.  

According to [13], the composition on sago pith waste on a dry basis can be seen in figure 1. Based on this composition, sago 

pith waste has the potential to be developed as a raw material for making biodegradable plastics which are expected to be able to 

obtain higher mechanical properties and faster degradation times. Besides, its utilization can be a solution to environmental 

problems in reducing sago waste that has not been utilized optimally. 

 

Table 1: Component sago pith waste on a dry basis 

Component Amount (%) 

Starch 58 

Cellulose 23 

Hemicellulose 9,2 

Lignin 4 

 

METHODOLOGY 

 

Materials 

Glycerin (C3H8O3) (molecular weight 92.09, boiling points 290
0
C) (Merck), sago pith waste starch from CV. Podomoro 

Makassar, and aquades (Merck).  

 

Preparation of sago pith waste starch 

Sago pith waste is obtained from Sago Flour Industry CV. Podomoro Makassar. Sago pith waste that has been obtained in 

weighing as much as 1 kg. Then, sago pith waste was soaked with clean water as much as 2 liters so that the starch solution was 

obtained. Next, starch solutions were dried in sundry for 12 hours and were sieved using 100 mesh [14]. 

 

Synthesis of Bioplastic 

Sago waste starch with various concentrations (5 gr, 10 gr, 15 gr, and 20 gr) was added to 3 ml glycerin and 100 ml aquades 

[16]. Then, the solutions were stirred using a magnetic stirrer for 5 minutes at 600 rpm. After that, the solutions were heated in a 

magnetic stirrer at temperature 150
0
C and 600 rpm for 25 minutes. Each stirred solution was poured into mould, then dried in the 

oven with temperature 120
0
C for 12 hours. For a clear illustration of the synthesis process in this study is shown in Figure 1. 

 

 
Fig. 1: Synthesis processes of the bioplastics from sago pith waste starch.  

 

Characterization 

Water Absorption 

Biodegradable plastics, which had been previously dried for 12 hours in an oven at 120°C, cooled in a desiccator, and weighed, 

were cut into small size. The moisture absorption data of bioplastics was obtained by soaking them in water for 3 minutes [16]. 

After that, the bioplastics were dried with a cloth and immediately weighed. The water absorption capacity of bioplastics can be 

calculated as follows [17]. 
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Tensile Strength Test 

The biodegradable plastic sample was cut to 5 cm x 3 cm.  The tensile strength test of the samples was determined using method 

ASTM D638-02a-2002 [18]. 

 

Elongation Test  

The biodegradable plastic sample was cut to 5 cm x 3 cm.  Elongation test of the samples was determined using method ASTM 

D638-02a-2002 [18]. 

 

Biodegradation test 

Biodegradability material was detected through a soil burial test method [17]. In the beginning, the samples were weight was 

recorded as initial data. This test was carried out by stockpiling the sample under the ground for  5 days, 10 days, 15 days and  

20 days. Any changes in mechanical properties due to degradation processes were observed and when the bioplastics were 

completely degraded, biodegradability was measured [6].  

 

                         
                             

              
        (2) 

 

RESULT AND DISCUSSION 

 

Water Absorption 

 

 
Fig. 2: Result of Water Absorption Testing 

 

Figure 2 shows the amount of moisture absorbed by the bioplastic sample with the various components of starch.  

Based on figure 2, the water absorption test shows the maximum value at 6.075 % on the sample composition 20 gr starch.  The 

more the starch is, the lower the swelling water ratio will be. The moisture absorption decreased with increasing starch 

composition. Glycerin and starch called hydrophilic properties, these properties increase water absorption [14]. The National 

Standardization Agency (BSN) issued a national standardization of biodegradable bioplastics (in 2016 with the reference code of 

SNI 7188.7: 2016. In SNI 7188.7: 2016 explained the standard water absorption of bioplastic shows the value at 21.4% and 

temperature 25
0
C. So that, biodegradable plastic in this study have fulfilled SNI [15]. The previous research reported from [16], 

shows that the water absorption based on sago waste starch using the composition of 0% gelatin obtained water absorption 

44.3%. This result was not optimum when compared with research based on sago pith waste starch produced by studies that have 

met conventional plastic standards (SNI).  

 

Tensile Strength Test 
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Fig. 3: Result of Tensile Strength Test 

Figure 3 shows the results of the tensile strength of starch. The maximum tensile strength of 2,3363 N/mm
2
 was obtained from 

composition 10 gr of carbohydrate. This result confirms that the addition of starch can reduce the value of biodegradable plastic 

tensile strength because there was space that occurred in bonds between polysaccharides broken by glycerin and causes 

relationships between molecules in biodegradable plastic to weaken and intermolecular mobility increases [18]. 

 

Elongation Test 

 

 
Fig. 4: Result of the Elongation Test 

 

Figure 4 shows the results of the elongation of biodegradable plastic. The maximum elongation of 21,0 % was obtained from 

composition 10 gr of starch. The more starch is, the higher the hardness of biodegradable plastic. So, the results of the elongation 

test decreased and making biodegradable plastic is rigid and not elastic [18]. 

 

Biodegradation Test 

The results of the biodegradation test of biodegradable plastic from sago pith waste starch with various concentrations (5, 10, 15, 

and 20 gr) for 5, 10, 15, and 20 days can be seen in figure 5. Biodegradable plastic with composition 20 gr of starch showed 

80,543% degradation percentage compared to other compositions for 20 days. The difference is cleary for the low amount of 

starch is a low degradation too. And when the starch high, the degradation also increased. This shows that starch is playing an 

important role in degradation performance. The heavy loss of bioplastic samples during burial in soil shows the amount of 

degradation in the natural environment by the action of microorganisms. In cooperation with water and microorganisms, the 

structure of fibers and adhesive macromolecules break down or decay in different degrees [19]. 
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Fig. 5: Biodegradation test for biodegradable plastic with various compositions (5, 10, 15, and 20 gr). 

 

CONCLUSION 

 

Research on biodegradable plastic with sago pith waste starch as a base with variations concentration been synthesized. 

Biodegradable plastic from sago pith waste starch with the various components of starch has been studied by using tensile 

strength, elongation, water absorption and biodegradation test. Based on water absorption in bioplastics is influenced by the 

addition of glycerine. The maximum absorption is obtained in the composition of 20 grams of starch. The tensile strength and 

elongation test obtained maximum values at composition 10 grams of starch. Biodegradation analysis shows a higher percentage 

of degradation >80% for 20 days. The results confirm that starch from sago pith waste has the potential to developed as a raw 

material for making bioplastics.  
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