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Abstract 

Attempts to tackle environmental problems against hard-to-degrade plastic materials have been widely practiced. One of them was 

by using Effective Microorganism 4 (EM4) bacteria. Preparations of polypropylene / chitosan (PP / chitosan) plastic with glycerol 

plastisiser and polyglycerol acetate (PGA) have been done by using reflux method. Plastic morphology analysis was done by 

Scanning Electron Microscopy (SEM) test and biodegradation characteristic was analyzed by mixed microbial batch method. 

Analysis of surface plastic morphology of PP / chitosan, PP / chitosan-glycerol, and PP / chitosan-PGA showed a homogeneous 

surface. Biodegradation test was using EM4 bacteria resulted in an optimum percentage of degradation of 71.18% obtained from 

PP / chitosan plastic with 20% chitosan filler and PGA plastisiser 2.5%.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Plastics have been widely known in human life. Plastic is a lightweight objects, durable and can be shaped easily but the plastic is 

also widely used for disposable items so that the plastic waste growing and it takes hundreds of years to decompose in its entirety 

(15). The use of synthetic plastic packaging cannot be separated in everyday life. This is because synthetic plastic has advantages 

like light weight but strong, transparent, waterproof and the price is relatively cheap and affordable by all people (10). It is generally 

used as a synthetic plastic food wrapping and most outstanding in the market today is a synthetic polymer that is produced from 

petroleum, so it is difficult to decompose in nature. The process of degradation of synthetic plastic in nature takes about 50 years. 

To reduce the impact that some research has been conducted, inter alia by means of synthetic polymer nature. Plastic is easily 

degraded by nature (biodegradabel) is called with an environmentally friendly plastic (3). 

Polypropylene (PP) is a type of plastic that is widely used in daily life, such as packaging, ropes, stationery and food containers. 

PP is easily processed and are resistant to chemicals, easily dyed, rigid and easily blended (11). Polypropylene is also used 

frequently by plastic packaging because the nature had engineer a good, low density and affordable price. The main advantage of 

the use of polypropylene this is pressure resistance at low temperature (7). The high needing of polypropylene plastic type (PP) 

will negatively impact the pollution of the environment. It because the plastic polypropylene (PP) is a type of conventional plastics 

(non biodegradation) so hard to didegradasi by microorganisms in the soil. Method of destruction of the plastic waste by 

combustion were judged less efficient because it can cause of air pollution and produce harmful residues toward the healthy of 

living beings (12).  

One of the alternatives that can be done is to modify the plastic to be biodegradation. The biodegradation of plastic materials 

that can be updated, such as collagen, cellulose, casein, proteins or lipids (20). 

The addition of a plastisiser nature can produce better treatment, but other properties like absorption of water, gas permeability 

and mechanical properties can be changed. The addition of the plastisiser commonly used are polyols like sorbitol, glycerol, 

poligliserol acetate (PGA) that goes between the polymer bonds, thus increasing flexibility and permeability of water vapour and 

gas (2). Plastic biodegradabel are usually made by combining plastic with materials sourced from nature. The biodegradation 

plastic is one of materials under certain conditions, certain time experiencing a change in its chemical structure, which influences 

its properties by the influence of microorganisms (bacteria, fungi, algae) (8). Plastic biodegradabel are usually made by combining 

with natural polymer plastic (13). 
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Among other types of natural polymer cellulose, natural rubber and Chitosan. Chitosan is a biopolymers from D-glucosamine 

is produced from chitin which is derive from the skin of crustaceae skin like leather, shrimp crab and squid skin (1).  

The selection of Chitosan as an alternative to make environmentally plastic because of the Chitosan has good biodegradation. 

The waste of shrimp's skin is used as an alternative to producing Chitosan, besides being easily obtainable can also reduce 

environmental pollution problems. A very small Chitosan elasticity can be upgraded with the kopolimerisasi with the synthesis 

monomer such as polypropylene (PP) (17).  

The purpose of this research is to know the influence of the addition of glycerol and Acetic Poligliserol plastisiser (PGA) against 

the nature of the morphology and properties of polypropylene plastic biodegradation/Chitosan. 

The results of this study are expected as a source of information about the influence of plastisiser against biodegradation of 

plastic polypropylene/Chitosan with aid of bacteria EM4. 

II. METHOD 

 Materials 

The ingredients are used. Polypropylene commercial Chitosan, secondhand, dikumil peroxide, glycerol, H2SO4 (p), Na2SO 4.2 

H2O, CH3COOH (p), toluene, xylen, acetone, anhydrous maleic, and NaOH. 

III. RESEARCH PROCEDURE 

 Preparation of Polypropylene Former 

The using Polypropylene in this research is came from aqua cup. Aqua cup washed clean, then dried. Aqua cup that has dried then 

cut as small as part form. 

 The making of Poligliserol (21) 

As many as 25 ml of glycerol is inserted into the bottom flask, then added a catalyst 2% NaOH, stirred until homogenized. Then 

assembled reflux tool. Then a mixture of glycerol and NaOH refluks for 2 hours with a temperature of 200 ° c. The results of the 

reaction are didekantasi in which the top layer that results are characterized by FTIR analysis, refractive index, density and 

solubility test against toluene. 

 The making of Poligliserol acetate (21) 

As many as 25 ml poligliserol incorporated into the three-neck flask, then added 9 ml of acetic acid and 0.25 ml of sulfuric acid. 

Assembled reflux tool, then refluks for 8 hours with a temperature of 70 ° c. The result of the reaction of chloroform with washable 

and akuades then filtered. The lower layer is distilled at a temperature of chloroform 62 ° C. Then the results of the destilat are 

characterized through analysis of FTIR, refractive index and test against toluene solubility. 

 Manufacture of Plastic Polypropylene/Chitosan 

The waste Polypropylene is dissolved with 120 ml xylen, then heated at a temperature of 170 ° C. Added 0.2 g 0.8 g and DCP 

anhydrous maleic, to refluks for half an hour. Added 10%; 20% Chitosan. After the addition of Chitosan, then added plastisiser 

poligliserol glycerol and acetate 2.5%. the reflux results then put into a beaker glasses containing 500 ml of acetone, then filtered, 

then dried in the deposition temperature of 60 ° C. Thin printed using hot press press at a temperature of 165 oC (done the same 

procedure for the use of plastisiser variation of 2.5%). 

 Characterization Of Poligliserol Acetate 

 Determination of Density 

1) Piknometer empty volume of 5 ml of clean and empty weighted 

2) Then put the sample into the tools piknometer until there are no air bubbles. Then weighed and calculated the weight of sample. 

3) The same thing is done as much as 3 times and averaged. 

Density = 
𝐵−𝐴

𝐶
 

Description 

A = Weight empty piknometer 

B = Weight of the average sample in piknometer 

C = Piknometer Volume 

 Determination Of Refractive Index 

1) Refraktometer attributed to electricity and then only for 15 minutes. 

2) The lights lowered and Prism refraktometer opened, then cleaned using a wet tissue Prism, then dried it with a handkerchief 

to dry. 
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3) The sample melted on top of the Prism, then rotated until the binoculars retrieved the boundaries of yellow and green color 

right horizontally. 

4) The lights are turned off, then read his scale. 

5) The same thing is done as much as 3 times and the average taken 

 Determination Of Solubility Towards Toluene 

As many as 1 ml PGA added with 5 ml of toluene, after it's seen whether the PGA and toluene is mixed marked by the absence of 

the field limit after mixing.  

 Analysis of Biodegradation with the microorganisms (5) 

Biodegradation test is done to see how the ability of degradation or decomposition of plastic polypropylene/polypropylene/ 

Chitosan and Chitosan by addition of plastisiser. Biodegradation tests carried out using bacterial biodegradation test done which 

EM4 for 10 days. 

 Making Molasses  

Making molasses is done by dissolving the sugar into the akuades with 1:1 comparison (3 grams sugar: 3 mL akuades). After all  

the brown sugar is dissolved, the solution of sugar/molasses is filtered using the filter paper.  

 Activation of EM4  

EM4 which is still in a State of sleeping (dormant) is activated by providing food and water. The activation is done by adding 

water and sugar water (molasses) and comparison of 4 mL EM4:4 mL molasses: 200 mL of water (concentrations of EM4 2%). 

These three ingredients are mixed together and left on for 72 hours for all active microorganisms. The liveliness of this 

microorganism are known by fermentation aromas of fragrant. 

 A method of mixed microbial batch with the EM4  

Each plastic samples cut 1 cm x 1 cm. Next plastic samples insereted in to the test tubes of 10 mL. Next to the tube the reaction 

poured EM4 that has been activated. This marinade is stored in incubators at the temperature of 40 ° C and left on for 10 days. 

After 10 days, the samples taken from inside the marinade, washed with akuades, then rinsed with 70% alcohol and dried in an 

incubator at a temperature of 70 ° C for 24 hours. Next the sample is weighed and calculated its mass reduction. 

IV. RESULTS AND DISCUSSION 

 Characterization Of Poligliserol Acetate 

In this study, poligliserol acetate is used as the result of a process the esterification poligliserol of acetic acid. Where the resulting 

poligliserol will be used as one of the plastisiser in this study. The value of the refractive index, density, solubility and results 

against toluene obtained are shown in table 1. 
Table – 1 

The value of the refractive index, density, solubility and results against toluene 

The characteristics of the physical test Poligliserol Poligliserol acetate 

Indeks skewed 

Density 

solubility test against toluene 

1,4542 nd 

1,2312g/ml 

Not soluble 

1,3972nd 

1,1397g/ml 

soluble 

The value of the refractive index and the density of poligliserol and poligliserol acetate are shown in table 1 do not experience 

significant changes. Where the value of the refractive index and density on poligliserol of 1.4542nd and 1.2312 g/ml whereas the 

value of the refractive index and density on poligliserol acetate generated amounted to 1.3972nd and 1.1397 g/ml. If seen by 

solubility test results against toluen, poligliserol can not be dissolved while poligliserol acetate can be dissolved. This is because 

the solvent of toluen is non polar. Seen from the solubility means poligliserol has properties that are more polar than poligliserol 

acetate which has the nature of the polar spring, the same result was done by Yusuf year 2007 (21), and the test results also 

reinforced on the FTIR test results presented in Figure 1. 

 
Fig. 1: FTIR spectrum (-) poligliserol acetate;  poligliserol 
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In table 2, the results of FTIR spectrum is generated indicating that the poligliserol and poligliserol acetate are polar which still 

has clusters of O-H the alcohol contained on the tape number of the wave absorption 3279.24 cm-1, which is owned by poligliserol 

and Ribbon numeral 3310.11 wave absorption cm-1, which is owned by poligliserol acetate. On poligliserol acetate undergoes a 

process of esterification with acetic acid, thus lowering the nature he had become moderately polar spring, this is shown on the 

tape absorption wavelength 2887,68-2943,45 cm-1. A typical functional groups indicate the ester in wavenumbers 1711.13 cm-1, 

which is a cluster of absorption bands C-O ester and 1266.86 cm-1 is a cluster of absorption bands C-O which is supporting span 

diester. The results obtained in accordance with previous research by yusuf, 2007 (21). 
Table – 2 

FTIR results poligliserol and poligliserol acetate 

sample the number of waves (cm-1) functional groups 

Poligliserol 3279,24 O-H alcohol 

 2879,18-1933,88 C-H aliphatic 

 1414,16 C-O ester 

 >1000 C-H 

Poligliserol acetate 3310,11 O-H alcohol 

 2887,68-2943,45 C-H aliphatic 

 1711,13 C-O ester 

 1266,86 C-O span is a proponent of diester 

 >1000 C-H 

 Characterization of Plastic Polypropylene/Chitosan 

 Characterization of Functional Groups By Using Fourier Transform Infrared Spectroscopy 

Qualitative analysis FTIR is commonly used to identify the presence of functional groups contained within a material. Study on 

FTIR is used to identify the emergence of functional groups that became the hallmark of each constituent components found on 

the plastic polypropylene/Chitosan and the influence of the use of this type of plastisiser against plastic polypropylene/Chitosan. 

On this analysis is shown in Figure 2. 

 
Fig. 2: FTIR spectrum (a) PP/Chitosan-PGA; (b) PP/Chitosan-glycerol; (c) PP/Chitosan; (d) the PP-g-MAH 

In Figure 2 shows that almost all samples contained C-H functional group demonstrated each sample PP/Chitosan-PGA; 

Pp/Chitosan-glycerol; Pp/Chitosan; and PP-g-MAH in wavenumbers absorption bands area 2915,01-1947,95 cm-1; 2837,35-

1949,09 cm-1; 2836,60-2948,44 cm-1; and 2949,15-2838,27 cm-1. These peaks are characteristic of PP. This is due to the main 

matrix-based filmmaking PP. While for sample PP/Chitosan-PGA there is weak in the area of Spectra absorption bands 

wavenumbers 1557.98 cm-1 indicating the presence of buckling N-H which are characteristic of Chitosan (19). Results of FTIR 

spectrum will also be outlined in table 4.3. 
Table – 3 

FTIR analysis of  PP/Chitosan-PGA; PP/Chitosan-glycerol; PP/Chitosan; PP-g-MAH 

Sample the number of waves (cm-1) Functional groups 

PP Kitosan-PGA 
2915,07-1947,95 

1557,98 

C-H 

Tekuk N-H 

PP kitosan - gliserol 

2837,35-1949,09 

1455,29 

1375,52 

1166,18 

C - C 

C = C 

C - O f of carbosilat acid 

C - O 

PP kitosan 

2836,60-2948,44 

1450,13 

1374,24 

C - H 

C = C 

C = O of carbosilat acid 
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1162,61 

PP0g-MAH 

2949,15-2838,27 

1454,08 

1375,52 

C - H alcana 

C = C 

C - 0 

On the number of wave 2915,01-1947,95 cm-1 there is a cluster of absorption bands C-H and at 1557.98 cm-1 there are Ribbon 

N-H bend the absorption of a sample of PP/Chitosan-PGA. On the number of wave 2837,35-1949,09 cm -1 there is a cluster of 

absorption bands C-H, at 1455.29 cm-1 there is a cluster of absorption bands of the C = C, at 1375.52 cm-1 there is a cluster of 

absorption bands C-O from carboxylic acids and on 1166.18 cm-1 there is a cluster of absorption bands C-O from sample 

PP/Chitosan-glycerol. Next on the wave number 2836,60-2948,44 cm-1 there is a cluster of absorption bands C-H, at 1450.13 cm-

1 there is a cluster of absorption bands of the C = C, at 1374.24 cm-1 there is a cluster of absorption bands C-O from carboxylic 

acids, and in 1162, 61cm-1 there are Ribbon origin Cluster C-O sample of PP/Chitosan. While at wavenumbers 2949,15-2838,27 

cm-1 there are Ribbon absorption C-H functional group alkanes, on 1454.08 cm-1 there are Ribbon origin functional group C = C, 

and on a 1375.52 cm-1 there is a tape of the C-O force absorption from sample PP-g-MAH. Based on the description from table 3 

above was clear there is a lot in common functional groups of some samples are characterization of the compounds contained in 

the composition of the film. To cluster C-H, C = C and C-O is present on the samples of the PP-g-MAH, Chitosan, and 

PP/PP/Chitosan-glycerol. 

 Scanning Electron Microscopy with the characterization 

In analysis of the Scanning Electron Microscopy using (SEM) can be known how the mixing between the plastic polypropylene 

with Chitosan as well as how the blending or interactions on the plastic PP/Chitosan against plastisiser poligliserol glycerol and 

acetate. 

 
Fig. 3: The results of SEM Photograph (a) PP-gMAH; (b) PP/Chitosan 

 

Based on the nature of the polypropylene  and Chitosan where polypropylene is non polar and chitosan is polar allow physical 

interactions. Where in Figure 4.3 shows that on a plastic PP/Chitosan Chitosan particles agglomeration there is still on the surface, 

even though almost evenly distributed deployment of Chitosan particles into polypropylene matrix. This is because the presence 

of anhydrous maleic as substances of compatibility are the most popular among all types of anhydrides and is used in materials 

such as polypropylene polymer (6) While the agglomeration that occurs because only the least anhydrous maleic found on plastic 

PP/Chitosan. 

In Figure 4 shows that a good dispersion occurs on the plastic PP/Chitosan by addition of glycerol and acetic poligliserol 

plastisiser. Where the particles evenly dispersed almost Chitosan, although plastic PP/Chitosan by using glycerol plastisiser there 

is still some agglomeration on the surface but not as much as the agglomeration are owned by plastic PP /kitosan without plastisiser. 

While plastic PP/Chitosan plastisiser poligliserol with the addition of acetate undergo dispersion evenly. This indicated that there 

was not the result the agglomeration of photos morphology. This may be due to compatibility between polymer PP/Chitosan with 

plastisiser PGA because good compatibility of polymer blends and plastisiser shows a homogenous (4). 

 
Fig. 4: The results of SEM Photograph (a) PP/Chitosan glycerol; (b) PP/Chitosan-PGA 
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 Characterization Of Biodegradation 

Biodegradation is one method of degradation of polymer materials by using microorganisms such as bacteria. Where on this 

research has been conducted using bacterial biodegradation test EM4. PP plastic film/Chitosan, Chitosan-PP/PP/glycerol and 

Chitosan-PGA soaked in a solution of EM4 2%, where bacteria EM4 has been activated for 3 days with the media solution mollase. 

Soaking time is carried out for 10 days with a temperature of 40 ° C. This is because the temperature selection EM4 optimum can 

work at temperatures of 40-50 ° C (18). 

The results of the degradation that occurs in the film the plastic PP/PP/Chitosan, Chitosan-glycerol and PP/Chitosan-PGA 

demonstrated with determination the reduction of the weight of the mass before and after the mass immersion in movies. The 

results of the degradation shown in table 4. 

Based on table 4, results indicate that biodegradation all samples undergo biodegradation. But the most optimum biodegradation 

results found in samples of PP/20% Chitosan-PGA. Mass reduction occurring sample of 0.3427 g be 0.0787 g. This is caused due 

to the ability of bacterial EM4 for table 4. The percentage degradation of plastic film PP/kitosan, PP/Chitosan-glycerol and 

PP/Chitosan-PGA 
Sample W before (g) W after (g) % degradation (%) 

pp-g-mah 

pp/ Chitosan 10% 

pp/ Chitosan 20% 

pp/ Chitosan 10% - gliserol 

pp/ Chitosan 20% - gliserol 

pp/ Chitosan 10% - PGA 

pp/ Chitosan 20% - PGA 

0,3672 

0,4662 

0,4352 

0,4876 

0,3427 

0,4876 

0,3427 

0,2520 

0,2454 

0,2630 

0,1319 

0,2284 

0,1204 

0,0787 

31,37 

36,00 

38,04 

53,16 

61,51 

65,42 

71,18 

The outlines of organic compounds (9). The relationship between% degaradasi of each sample is illustrated in Figure 5. 

 
Fig. 4.5: Graphs the percentage reduction in the mass of Plastic PP/Chitosan Film 

 

Bacterial biodegradation test results using EM4 on soaking the samples for 10 days marked by the decline of the mass movie. 

This reduction results from the process of decomposition of organic matter by bacteria EM4 (16). Biodegradation results obtained 

shows that the degradation of the optimum found on PP/Chitosan films-the PGA with the percent reduction of weight was 71.18%. 

This is because the composition of constituting a good addition is present on the PGA plastisiser where plastisiser PGA lead 

Chitosan particles dispersed evenly in the polypropylene matrix so that the growing number of organic compounds can be cleaved 

by bacterial EM4. Likewise movie PP/Chitosan-degraded glycerol with a percentage figure does away with PP/Chitosan-PGA. 

This is due to the type of plastisiser used in the making of the film is a kind of plastisiser that are easily terbiodegradasi by 

microorganisms (Marhamah, 2008). Although if viewed from a constituent whole film can be known that overall the film with the 

variation of the composition is an organic compound that allows bacteria EM4 can elaborate on the film.  

The Sequence % degradation of samples from the most optimum until minimum is the sample composition of the PP/20% 

Chitosan-PGA (71.18%) and PP-g-MAH (31.37%). 

V. CONCLUSION 

 The addition of plastisiser glycerol and acetate poligliserol (PGA) of 2.5% on plastic PP/Chitosan mixture shows a 

homogeneous surface. 

 The percent of optimum 71.18% degradation is derived on a plastic PP/Chitosan with Chitosan charger 20% and PGA 

plastisiser. 
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