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Abstract. Research that uses Suweg tubers as the basic material for making biodegradable plastics has been carried out.. This research 

aims to determine the effect of stirring temperature on the characteristics of biodegradable plastic. Suweg tuber starch preparation is done 

as the manufacture of biodegradable plastic. Manufacture of biodegradable plastics made by mixing suweg tuber starch, glycerol, and 

acetic acid, as well as the CMC (Carboxy Methyl Cellulose). The manufacture of biodegradable plastic is carried out in two stages, 

namely stirring temperature variations (80⁰C, 85⁰C, 90⁰C, and 95⁰C) and the addition of CMC (Carboxy Methyl Cellulose). Tests carried 

out include FTIR test, mechanical test and biodegradation test. FTIR test is carried out to determine the functional groups contained in 

plasticThe test of plastic mechanical properties was carried out to determine the mechanical properties of plastics, such as tensile strength, 

elongation, and thickness. Biodegradation tests are carried out on the ground to determine the level of plastic degradation while in the 

environment. The results showed that the effect of temperature affected the mechanical properties of biodegradable plastic produced. 

Mechanical tests of stirring temperature variations with the addition of glycerol resulted in tensile strength, elongation, and thickness 

values of 80⁰C at 10.43 MPa; 2.08%; 85⁰C at 28.52 MPa; 1.60%, 90⁰C of 29.76 MPa; 2.18%, and 95⁰C of 32.49 MPa; 2.05%. These 

results can be seen that the largest biodegradable plastic tensile strength is found in temperature variations of 95⁰C, with a tensile strength 

of 32.49 MPa elongation 2.05%, and a thickness of 0.12 mm.. Mechanical properties test of temperature variation with the addition of 

glycerol and CMC resulted in the value of tensile strength, elongation, and temperature thickness of 80⁰C at 18.68 Mpa; 12.22%, 85⁰C 

equal to 14.69 MPa; 9.16%, 90⁰C of 16.71 MPa; 14.72%, 95⁰C of 13.94 MPa; 14.166%. These results can be seen that the largest 

biodegradable plastic tensile strength is found at 80⁰C temperature variations of 18.68 MPa, 12.22% elongation, 0.14 mm thickness. FTIR 

test, the biodegradable plastic produced, it is known that the plastic group produced is like CH, ester or ether. Plastic biodegradation test 

on soil, plastic with a temperature variation of 95⁰C has been degraded after 8 days, while plastic with the addition of CMC is degraded 

faster, for 7 days. 
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INTRODUCTION 

Plastics made from synthetic, hard outlined by the 

environment, and requires a long time, so the 

potential to pollute the environment. One 

alternative solution is through the development of 

biodegradable plastics, using thermoplastic starch 

(Saputra et al, 2015). There are two main raw 

materials that can be used in the manufacture of 

biodegradable plastics, namely products from 

animals (chitosan) and plant products (starch and 

cellulose).  

Biodegradable plastic is plastic that can be used 

like conventional plastic, but it can be destroyed by 

microorganism activity in the environment to 

produce water and carbon dioxide gas (Sedyadi et 

al., 2016). 

Plastic is formed from the polymerization 

process. Plastic explanation is defined as material 

in which the main ingredient is polymerized 

organic molecules with high molecular weights. 
The end product is solid, and in some parts the 

production stage can be shaped as desired (Akbar 

et al., 2013).  

Polymers are a long series of repetitive 

sequences of small and simple molecules. This 

small molecule is called a monomer. Polymers are 

found in nature, both plants and animals. Polymers 

in nature such as starch, cellulose, chitosan, protein 

(Oktaviana, 2002). 

The material used as a source of starch is the 

Suweg tuber (Amorphophallus campanulatus). 

Temperature variations used are between 80⁰C to 

95⁰C at intervals of 5⁰C. Plasticizer used in the 

formation of plastic is glycerol. Additional 

ingredients added to the manufacture of plastics are 

CMC (Carboxy Methyl Cellulose). Tests carried 

out are mechanical properties (thickness, tensile 

strength, and elongation), and plastic 

biodegradation tests on the soil.  Statement 

of problem: How to manufacture bioplastic from 

Suweg tubers (Amorphophallus campanulatus) 

with the addition of plasticizers glycerol and CMC 

(Carboxy Methyl Cellulose)? What is the effect of 

temperature variations on the mechanical properties 

of bioplastics produced? What is the level of plastic 

degradation in the environment? 

The purpose of this research are: To find out the 

manufacture of bioplastics from Suweg tuber with 
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the addition of glycerol plasticizers and CMC 

(Carboxy Methyl Cellulose), to determine the effect 

of temperature variations on the mechanical 

properties of biodegradable plastic produced, to 

determine the level of plastic degradation in the 

environment. 

MATERIALS AND METHODS 

This research was conducted in several s tages. 

Stages of sample preparation, biodegradable plastic 

manufacturing and biodegradation test. The 

equipment used in this study included standard 

sieves, 100⁰C temometers, dexicators, pipettes, 

watch glasses, knives, basins, distilled water 

bottles, magnetic stirrers, 250ml beker cups, 100 

ml beker glasses, scrapers, deaf spoons, sepatula 

and glass plates. Other equipment is the oven 

(Haraeus UT 6120), hot plate (CIMAREC), 

analytical balance (Ohaus Adventurer ± 0.0001 

gram). Sample analysis was carried out using 

Forier-Transform Infrared Spectroscopy and 

micrometer scrubs, tensile strength and elongation 

tester. 

The materials will be used in this study are 

Suweg tuber starch (Amorphophallus 
campanulatus), aquades, acetic acid p.a., glycerol 

merck p.a., CMC (Carboxy Methyl Cellulose) 

blanos p.a. The work method of the research is: 

extraction of suweg tuber starch with precipitated, 

Biodegradable Plastic Manufacture by mixing 

Starch, Glycerol, Acetic Acid. Salt and Water. 

Stirring Temperature Variations without the 

addition of CMC (Carboxy Methyl Cellulose) and 

with the addition of CMC. Biodegradable Plastic 

Analysis by testing the mechanical properties and 

biodegradation tests and analysis of the Function 

Group with FTIR. 

RESULT AND DISCUSSION 

Starch Extraction Process 

This simple starch extraction process, produces 

starch in the form of fine powder, white and not 

hygroscopic. The resulting Suweg tuber starch was 

analyzed using FTIR to determine the functional 

groups contained in the starch.  

Absorption in the wave number area 2557.42 

cm-1, shows the presence of OH functional groups 

of carboxylic acids. CMC spectrum absorption in 

the area of 1585.37 cm-1 indicates the presence of 

C = O (carbonyl) groups, in the area of 1026.05 

cm-1; 1053.06 cm-1; 1099.34 cm-1; and 1269.07 

cm-1 shows the presence of functional groups of 
ethers and esters. 

The manufacture of biodegradable plastics 

begins with variations in stirring temperature. This 

variation is done to find out the right temperature in 

making biodegradable plastic so that the best 

tensile strength is obtained. The reaction that 

occurs between starch and glycerol can be seen in 

Figure 1. 

 
Figure 1. Reaction of starch and glycerol. 

Addition of acetic acid serves as a terminator or 

reaction breaker in polymerization. The termination 

reaction aims to break some glycosidic bonds in 

starch into shorter starch molecules (Kusnandar, 

2010 in Apriyanti, 2014). The reaction that occurs 

between starch and acetic acid, can be seen in 

Figure 2. 

 
Figure 2. The reaction that occurs between starch and acetic acid. 

The right amount of acetic acid is added to 

make the solution gel-shaped so it is more 

homogeneous. Excessive administration will inhibit 

gelatinization time, making the solution more 

watery and difficult to print. This is in accordance 

with the opinion expressed by Wuzburg, 1995 in 

Utomo, 2013. Modified starch with vinegar has hot 

paste viscosity, cold starch paste viscosity ratio, 

and lower gelatinization granule development. The 

addition of vinegar will increase the stability of 

starch or paste in warm water below the 

gelatinization temperature. 

Characterization of Biodegradable Plastics  

Characterization of biodegradable plastic, carried 

out on each plastic that is, biodegradable plastic 

with variations in stirring temperature and 

biodegradable plastic with the addition of CMC. 

Factors that influence the mechanical test are 
the addition of starch, glycerol, and acetic acid. 

Addition of starch will make the plastic have a high 

tensile strength value. Addition of glycerol will 
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affect the value of elongation. The addition of 

acetic acid will affect the viscosity and viscosity of 

the solution and the thickness of the plastic. 

  

Thickness  

Thickness is one of the parameters that affect the use of 

plastic for the products it packs. The lowest tensile 

strength values were produced on biodegradable plastic 

at 80° C stirring temperature. Biodegradble plastic at a 

stirring temperature of 80° C, has a small tensile 

strength because, at lower temperatures there is an 

inequality of the distribution of starch components into 

the water. The elongation value is presented in Figure 

3. Results of figure 3. showed that biodegradable 

plastic. 

 

 
Figure 3. Plastic thickness with stirring variations. 

Thickness decreased with increasing stirring 

temperature and increased at 95⁰C. This is caused by 

different treatment factors, namely the lack of 

spreading when printing biodegradable plastic 

solutions.  

 

Tensile Strength 

Tensile Strength is one of the tests carried out to 

determine the strength of the plastic in receiving 

the load. High tensile strength values, it can be 

interpreted that the plastic gets stronger in 

receiving the load. High tensile strength values, can 

be influenced by the amount of starch used. 

Increased levels of amylose in solution can increase 

the number of hydrogen bonds formed. Figure 4 

shows the value of tensile strength of eachz. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Plastic tensile strength with stirring temperature variations. 

Temperature. Stirring temperature will affect the 

gelatinization process of a starch in solution. In 

figure 6. It can be seen that the best tensile strength 

value is produced on biodegradable plastic with a 

stirring temperature of 95⁰C. The lowest tensile 

strength value was produced on biodegradable 

plastic at 80⁰C temperature stirring. Biodegradable 

plastic at a stirring temperature of 80 ° C, has a 

small tensile strength because, at lower 

temperatures there is an inequality of the 

distribution of starch components into the water.  

Elongasi  

Elongation is a test conducted to determine the ability 

of a plastic to stretch after being given a load. The 

higher the elongation value, the higher the ability of 

plastic to stretch. This study used the same ingredients 

and amounts of starch, glycerol and acetic acid. The 

results of the % elongation value of biodegradable 

plastic can be seen in figure 5. 

 

 

 

 

 

 

 

 

Figure 5. Elongation of biodegradable plastic with stirring temperature 

variations. 

 

 

Biodegradable Plastic Biodegradation Test  

Biodegradation test is carried out to determine the level 

of plastic breakdown when in the environment. The 

plastic that has been made, uses the basic ingredients of 

starch or which comes from nature, so that the synthetic 

plastic is a plastic that is boidegradable. The 

environment naturally has microorganisms that can 

decompose biodegradable plastic. 
Testing of mechanical properties shows that the best 

biodegradable plastic is applied to a temperature of 

95⁰C. Based on figure 6. shows a decrease in the mass 

of each plastic with variations in stirring temperature. 

This decrease in mass occurs because starch-based 

plastics can be degraded by microorganisms into their 

monomers (Feris et al., 2004). 

The decline occurred very significantly at 90⁰C on 

day  0 and 2. Wirawan (2012) said that plastic added 
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with glycerol plasticizer will degrade faster than plastic 

that does not use plasticizers. 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 6. Graph of the decrease in biodegradable plastic mass with the 
effect of stirring temperature. 

Addition of glycerol plasticizers will add to the 

hydrophilic nature of the plastic. This hydrophilic 

property will cause the plastic to absorb water more 

easily. Moist plastic will be easier to degrade by 

microorganisms in the environment. 
 

 

Best Biodegradable Plastic FTIR Test 

 

 

Figure 7. Best biodegradable Plastic FITR test. 

Figure 7 is the result of the best plastic FTIR. The 

results obtained from the best biodegradable plastic 

shows the absorption at wave numbers 1149.49 

cm-1 and 1076.20 cm-1 which indicate the 

presence of C-O ether groups. On biodegrable 

plastics, only a small amount of absorption 

(detected) is seen, this is due to the weak energy in 

the function group in vibrating. 

Characterization of Mechanical Properties of 

Biodegradable Plastics with Addition of CMC 

(Carboxy Methyl Cellulose)  
Thickness is one of the parameters in the plastic 

mechanical test, because thickness can affect the 

material to be packaged. Thickness can affect the 

rate of steam transmission, as well as the 

mechanical properties of plastics such as tensile 

strength and elongation. Thickness is affected by 

solids dissolved in the solution before printing. 

Kamal (2010). 

This study used the same amount of raw 

materials as starch, glycerol, and acetic acid, as 

well as the addition of CMC. The resulting 

thickness varies, although it has no significant 

effect. The thickness value generated in this study 

can be seen in Figure 8. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 8. Thickness of plastic with stirring temperature variations and 
addition of CMC. 

Tensile Strength 

In Figure 8. shows that the stirring temperature 

variation does not have a significant effect on 

thickness. The thickness resulting from each 

stirring temperature variation is 80, 85, 90, and 

95⁰C which is 0.14 mm, 1.14 mm, 0.11 mm, and 

0.15 mm. Based on the thickness value, it can be 

seen that the addition of CMC can increase 

thickness. 

Variation in stirring temperature with the 

addition of CMC (Carboxy Methyl Cellulose) was 

carried out at temperatures of 80 to 95⁰C. Based on 

the synthesis process it is known that the addition 

of CMC (Carboxy Methyl Cellulose) in solution 

can form a liquid with a stable and homogeneous 

viscosity. 

The tensile strength value resulting from the 

stirring temperature variations with the addition of 

CMC (Carboxy Methyl Cellulose) can be seen in 

Figure 8. The best tensile strength values obtained 

were 18.68 MPa obtained at 80adukanC stirring 

temperature. The lowest tensile strength value of 

13.94 MPa is at a stirring temperature of 95⁰C. 

The effect of stirring temperature on the 

mechanical properties of plastic. The tensile 

strength values obtained in the stirring temperature 

variations were 18.68, 14.69, 16.71, and 13.94 

MPa, at a stirring temperature of 80, 85, 90, and 

95⁰C. Based on figure 12. the value of the best 

tensile strength is at a temperature of 80⁰C. This 

shows that at a temperature of 80⁰C the starch of 

the Norwegian tuber has been gelatinized and at 

that temperature the mixture of ingredients in the 

manufacture of plastics has been homogeneous. At 
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a temperature of 85⁰C, the tensile strength 

decreased. Due to the increase in temperature 

which causes polysaccharides that experience 

excessive swelling. At higher temperatures there is 

an increase in deformability which will reduce 

mechanical properties due to higher swelling 

degree in polysaccharide granules (Dani & 

Mawarani, 2012). At a temperature of 90⁰C the 

value of tensile strength increased and at a 

temperature of 95⁰C decreased again. The tensile 

strength value at a temperature of 95⁰C is not much 

different from the temperature of 85⁰C, due to the 

increase in temperature, the polysaccharide will 

experience excessive swelling. At higher 

temperatures there is an increase in deformability 

which will reduce the mechanical properties due to 

higher swelling degree in polysaccharide granules 

(Dani & Mawarani, 2012), only me in different 

temperature conditions. 

Elongation 

Elongation is a test conducted to determine the 

ability of a plastic to stretch after being given a 

load. The high value of elongation is influenced by 

the plasticizer added to the plastic solution. This 

study used the same ingredients and quantities as 

starch, glycerol, acetic acid, and CMC. 

The elongation value of each temperature 

variation is 12.22%, 9.16%, 14.72%, and 14.16%, 

at a temperature variation of 80⁰C, to 95⁰C. The 

increase in elongation value after the addition of 

CMC is caused by CMC can maintain a stable and 

homogeneous solubility or viscosity, so that the 

glycerol can be dispersed perfectly. 

Biodegradation Test 
In figure 8. it is known that biodegradation of 

biodegradable plastics with the addition of CMC 

occurs faster than biodegradable plastics without 

the addition of CMC.  

 

 

Figure 9. Biodegradation of plastic. 

Best Biodegradable FTIR Plastic Test with 

CMC Addition 

Characterization of biodegradable plastic is carried 

out using FTIR. Analysis using FTIR aims to 

determine the functional groups contained in 

biodegradable plastic. Biodegradable plastic with 

the addition of CMC peak appearance in the wave 

number area 2916.26 cm-1, which indicates the 

presence of CH group, uptake 1461.94 indicates the 

presence of CH2 groups. At wave numbers 1014, 

48 cm-1, 1076.20 cm-1, 1103.20 cm-1, and 

1149.49 cm-1 indicate the presence of C-O ether. 

Based on the picture above, the spectrum of 

biodegradable plastic with the addition of CMC 

shows that there are CH, CH2 and CO. 

CONCLUSIONS 

Making biodegradable plastic is done by mixing starch, 

glycerol, acetic acid and water, then heated, printed and 

oven. The best biodegradable plastic composition, is 

used as the next composition that will be added to the 

CMC to add tensile strength. Biodegradable plastic 

with variations in stirring temperature can affect the 

mechanical properties produced. Biodegradable plastic 

which has the best mechanical properties is achieved 

with a stirring temperature of 95⁰C with a tensile 

strength of 32.49 MPa, elongation of 2.05%, and a 

thickness of 0.12 mm, while the stirring temperature 

variation with the addition of CMC obtained the best 

mechanical properties of tensile strength 18, 68 MPa 

elongation 12.22% and thickness of 0.14 mm. 

Biodegradable plastic produced from each stirring 

temperature variation is biodegradable, ie it can 

decompose in the environment for 8 days, while 

biodegradable plastic with temperature variations with 

the addition of CMC decomposes faster when in the 

environment for 7 days. 
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