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ABSTRACT

This study aims to develop sago starch-based bioplastics with 
the addition of modifying agents such as acetic acid, chitosan, 
and glycerin to improve mechanical properties, elongation, 
and biodegradability. The results showed that the optimal 
combination was reached at 4% acetic acid and 2% chitosan 
concentration, resulting in the highest tensile strength of 8 
MPa, elongation at break of 26%, and degradation rate of 
70%. At this condition, the bioplastic matrix has an optimal 
balance between strength, flexibility, and degradability. 
Increasing the acetic acid concentration to 6% caused a 
decrease in tensile strength to 4.2 MPa and elongation at 
break to 14%, indicating degradation of the matrix structure 
due to excess acid. Chitosan also affected the mechanical 
properties, where increasing its concentration from 2% to 4% 
tended to decrease the elongation at break. The degradation 

rate tended to increase with higher concentrations of acetic 
acid, reaching 82% at 6% acetic acid concentration with 2% 
chitosan, while higher concentrations of chitosan (4%) slowed 
down the degradation due to a denser and stronger matrix 
structure. Overall, the combination of sago starch, acetic acid, 
chitosan, and glycerin produced bioplastics that have improved 
mechanical properties, water resistance, and environmental 
friendliness, making them a potential alternative to replace 
conventional plastics in various industrial applications. 
These findings support the development of environmentally 
friendly materials that can reduce the negative impacts to the 
environment in general and in Papua as the local producer of 
Sago.
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INTRODUCTION

Synthetic plastics have become an integral part of everyday 
life, mainly due to their versatility, durability and relatively low 
production cost. However, the environmental impact caused 
by the accumulation of non-biodegradable plastic waste is a 
global concern. Synthetic plastics take hundreds of years to 
degrade, and their overuse causes pollution that damages 
ecosystems [1-2]. This has led to the development of more 
environmentally friendly plastic alternatives, one of which is 
bioplastic. Bioplastics are polymeric materials derived from 
renewable natural resources, such as starch, cellulose, and 
protein [1-4]. One of the potential raw materials for bioplastic 
production is sago starch, which is widely available in 
Southeast Asia, including Indonesia. Sago has the advantage 
of containing a high concentration of starch, which can be 
used as a base material for the manufacture of bioplastics [2-
3],[5-6].
Sago (Metroxylon sagu) is one of the world’s largest starch-
producing crops, with a distribution spanning the tropics, 
particularly in Indonesia and Papua New Guinea. Sago starch 
has unique characteristics, including gelling ability, which 
makes it suitable for applications in bioplastic production. In 
addition, sago is a renewable and abundant resource, so it 
can be used as an alternative to starch from other sources 
that often compete with food needs, such as corn or potato 
starch. However, sago starch has some intrinsic limitations, 
such as low mechanical properties and water instability [7]. 
Therefore, in order to improve the quality of sago starch-
based bioplastics, modifications need to be made, either 
through the addition of a number of modifying agents such 
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as plasticizers, chitosan, or certain organic acids [6,8-10]. An 
interesting modification model to investigate is the addition 
of acetic acid, chitosan and glycerin in the production process 
of bioplastics from sago.
Acetic acid, with the chemical formula CH3COOH, is a simple 
carboxylic acid that is widely used in various industries. In the 
context of bioplastic production, acetic acid acts as a modifying 
agent that can affect the physical and chemical properties 
of bioplastics. The addition of acetic acid to sago starch can 
improve the film-forming ability and mechanical strength of 
bioplastics, while reducing their brittle properties. Acetic acid 
works by breaking the bonds between starch molecules, thus 
facilitating the formation of a more homogeneous polymer. 
Other than acetic acid, glycerin can also act as a plasticizing 
agent, which can improve the flexibility and elasticity of the 
final product. Glycerin is used in many industrial applications 
and now due to its characteristic, it is possible to be adopted 
for the use of bioplastic production. Moreover, for maintaining 
the structure stability of bioplastics, chitosan has been used. 
The mechanical properties of bioplastics, such as tensile 
strength, elongation and modulus of elasticity, are crucial to 
determine their application in commercial products. Good 
biodegradability is one of the main advantages of bioplastics 
[11-12], and the addition of modifier agents are not expected 
to reduce the ability of bioplastics to biodegrade. The 
results of this research are expected to contribute to the 
development of more efficient and environmentally friendly 
bioplastics, while utilizing local natural resources, such as 
sago, as an alternative raw material in the production of 
renewable plastics.

MATERIAL AND METHODS

Material
This research aims to produce bioplastics from sago starch 
by modifying its mechanical and physical properties through 
the addition of acetic acid, chitosan, and glycerin and mixed 
well in deionized water. Sago starch that serves as a source 
of starch to form bioplastics. Sago starch was obtained from 
local supplier in Jayapura, Papua. While three modifying 
agents of Acetic acid, Chitosan and Glycerin were ordered 
from Chemical supplier in Jakarta. Other than material, the 
following are the tools used in the research of making sago-
based bioplastics such as Hot Plate and Stirrer, Beaker Glass, 
Thermometer, Analytical Balance, Aluminum Foil or Glass 
Plate, Oven, Aluminum dish, Drop Pipette, Spatula, Tongs, 
Stopwatch and Physics characterization. 

Methods
The methods used includes several main stages, namely 
material preparation, preparation of sago starch solution, 
addition of modifying agents, bioplastic film formation, and 

testing the properties of the resulting bioplastics. To proceed 
the experiment, deionized water was used as a solvent. 

Stage 1
The first step in the bioplastic manufacturing process is to 
prepare the sago starch solution. Sago starch as much as 8% 
(by weight) or 4 gr was dissolved in 50 ml of distilled water, 
then heated at 75-90°C while stirring until a homogeneous 
solution was formed. The heating process is done to 
activate starch gelatinization, so that the starch can dissolve 
completely and form a thick paste. This solution will be the 
basis for making bioplastic films.

Stage 2
After the sago starch solution is homogeneous, acetic acid 
is added with varying concentrations (2%, 4% and 6% v/v) 
to modify the molecular structure of starch and improve 
the mechanical properties of bioplastics. Acetic acid was 
added gradually while stirring continuously to ensure even 
distribution. Acetic acid will help break some of the bonds 
between starch molecules, improving the film-forming ability 
and tensile strength of the resulting bioplastics.

Stage 3
The addition of chitosan was carried out at certain 
concentrations (2% and 4% w/w) to determine its effect on 
the mechanical strength of bioplastics.

Stage 4
After the acetic acid and chitosan are well mixed, glycerin 
is added as a plasticizer. The addition of glycerin aims to 
increase the flexibility of bioplastics and prevent bioplastics 
from becoming too brittle. The concentration of glycerin 
used is constant at 3%.  Glycerin will function to disrupt the 
interaction between starch molecules, so that the polymer 
chains become more mobile, which results in a more elastic 
material.

Stage 5
The well-mixed solution of sago starch, acetic acid, chitosan, 
and glycerin can be added with dye and stirred until it 
produces a homogeneous color. After that, it is poured into 
a flat mold. This solution is leveled so that it forms an even 
thin layer. The mold is then dried in an oven at 50-60°C for 
24 hours or until the bioplastic film is completely dry. After 
drying, the bioplastic film was released from the mold and 
stored in a humidity-controlled room for further testing.

Stage 6
After the bioplastics were formed, a series of tests were 
conducted to evaluate their physical, mechanical, and 
biodegradability properties. The tests carried out include: 
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First, Tensile strength test is adapted to measure the mechanical strength of bioplastics, such as maximum tensile strength 
and elongation before breaking. Second test was Elongation test in which a mechanical test conducted to measure the ability 
of a material to stretch or extend until it reaches its breaking point when given a tensile load. Another important test was 
Biodegradability test where Bioplastics are tested by placing them in soil or compost to see the rate of degradation of the 
material in a natural environment.

RESULT AND DISCUSSION

This study aims to evaluate the effect of the addition of modifying agents namely acetic acid, chitosan, and glycerin on the 
physical and mechanical properties of sago starch-based bioplastics. 
Based on the test results, data on tensile strength, elongation at break, and degradation of bioplastics in the soil environment 
were obtained. There are 6 samples of bioplastic were produced shown in figure 1 with the same ID as presented at tables 
1,2 and 3 below. 

Figure 1. 6 Samples ID Bioplastic from Sago

Effect of adding modifying agents on Tensile strength
Acetic acid acts as a solvent to dissolve chitosan, which allows the formation of a homogeneous polymer matrix. The Table 1 
below shows the effect of modifying agents in the form of acetic acid, chitosan, and glycerin on the tensile strength of sago-
based bioplastics. 

Table 1. Tensile Strength of Bioplastic from Sago.

Sample ID Acetic acid (%) Chitosan (%) Glycerin (%) Tensile strength (MPa)
A 2 2 3 6.2

B 2 4 3 6

C 4 2 3 8

D 4 4 3 6.5

E 6 2 3 5.8

F 6 4 3 4.2

At 4% acetic acid concentration, the tensile strength reached the highest value of 8 MPa with 2% chitosan, indicating that 
acetic acid in the optimal concentration can dissolve chitosan well without causing matrix degradation. In contrast, at higher 
acetic acid concentration (6%), the tensile strength decreased, both in 2% (5.8 MPa) and 4% (4.2 MPa) chitosan. This occurs 
because excess acetic acid can cause partial degradation of the polymer, weakening the interaction between molecules in the 
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bioplastic matrix. Chitosan, as the main filler, increases the strength of the matrix through the formation of hydrogen bonds 
with sago starch. However, at too high a concentration, such as at 4% chitosan, the tensile strength tends to decrease. For 
instance, at 4% acetic acid, the tensile strength dropped from 8 MPa (2% chitosan) to 6.5 MPa (4% chitosan). This shows that 
excess chitosan can make the matrix more rigid, reduce flexibility, and weaken the ability to withstand pressure. Meanwhile, 
glycerin as a plasticizer is used at a constant concentration (3%) in this table, so its direct effect on tensile strength cannot be 
analyzed separately. However, the role of glycerin in improving elasticity remains important to reduce matrix stiffness due 
to the interaction between chitosan and starch. The most optimal combination was found at 4% acetic acid and 2% chitosan 
concentration, resulting in bioplastics with the highest tensile strength. Conversely, too high concentrations of acetic acid and 
chitosan resulted in a less optimal matrix, both due to degradation and stiffness, thus reducing the tensile strength of the 
bioplastics.
When compared with other studies, similar trends were also found in sago, corn and cassava starch-based bioplastics [3,12-
13]. Research on cassava starch-based bioplastics, for example, shows that increasing cross-linking agents such as acetic acid 
can increase tensile strength to a certain extent before stabilizing or decreasing at too high a concentration [14]. In a similar 
study with cassava-based bioplastics, the use of glycerol in appropriate concentrations was also shown to increase mechanical 
strength through the formation of a more rigid and stable matrix [15]. However, the advantage of sago-based bioplastics lies 
in the more economical and environmentally friendly nature of the material due to its abundant raw materials, especially 
in tropical regions such as Indonesia. On the other hand, the use of glycerin as a plasticizer in this table also provides a 
stabilizing effect, preventing the material from becoming too brittle as the acetic acid content increases [15]. When comparing 
the texture, it is clearly seen that the present of chitosan affected the stiffness of bioplastic. The more chitosan added the more 
stiffness observed from the bioplastic product.   Overall, this study shows the importance of optimizing the concentration of 
additives such as acetic acid and chitosan to achieve a balance between mechanical strength and flexibility, as required by 
bioplastic applications. 

Effect of adding modifying agents on Elongation at break
Elongation at break reflects the flexibility of bioplastics. The Table 2 below shows the effect of modifying agents such as acetic 
acid, chitosan, and glycerin on the elongation at break of sago-based bioplastics. In the table, glycerin was used at a constant 
concentration of 3%, so the main influence came from the variation of acetic acid and chitosan. 

Table 2. Elongation at Break of Bioplastic from Sago

Sample ID Acetic Acid (%) Chitosan (%) Glycerin (%) Elongation at break (%)
A 2 2 3 20 %

B 2 4 3 18%

C 4 2 3 26 %

D 4 4 3 22 %

E 6 2 3 18 %

F 6 4 3 14%

Acetic acid affects the homogeneity of the bioplastic matrix by solubilizing chitosan. At 4% acetic acid concentration with 2% 
chitosan, elongation at break reached the highest value of 26%, indicating that the bioplastic matrix was more elastic in this 
combination. In contrast, at 6% acetic acid concentration, elongation at break decreased dramatically, both in 2% chitosan (18%) 
and 4% chitosan (14%). This decrease was likely due to the degradation of the matrix structure due to excess acetic acid, which 
resulted in a more brittle bioplastic. Chitosan acts as a filler that increases structural strength, but tends to decrease elongation 
at break when the concentration is high. For example, at 4% acetic acid concentration, the elongation at break decreased 
from 26% (2% chitosan) to 22% (4% chitosan). This indicates that higher chitosan concentration makes the matrix stiffer, thus 
reducing flexibility. Overall, the best combination was seen at 4% acetic acid and 2% chitosan concentration, resulting in high 
elongation at break due to the balance between matrix strength and flexibility. However, too high a concentration of acetic acid 
and chitosan tends to decrease elasticity, resulting in a stiffer and less flexible bioplastic. Glycerin helps maintain the elasticity 
of the matrix [16], although in this table the concentration is not varied.
When compared with several previous studies, the trends shown in this table are consistent with results found in other starch-
based bioplastics, such as corn starch and cassava starch. In the cassava starch-based study, for example, it was found that 
increasing cross-linking agents such as acetic acid reduced elongation at break, but increased tensile strength. This is similar 
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to what happened with sago-based bioplastics, where high concentrations of acetic acid resulted in a stiffer but less elastic 
material. On the other hand, the use of glycerin as a plasticizer was shown to maintain the flexibility of the material to a 
certain extent [16-17], although its role was not significant enough to counter the negative influence of increasing acetic acid 
concentration. However, the weakness in terms of elongation at break at high concentrations of acetic acid needs to be further 
addressed through formula modification or the addition of additional plasticizers to improve flexibility without compromising 
material strength. Thus, this study provides important insights for the development of sago-based bioplastics with mechanical 
performance that can be customized according to specific application needs, both for flexible packaging and long-term use.

Effect of adding modifying agents on Degradation rate
The Table 3 below shows the effect of modifying agents such as acetic acid, chitosan and glycerin on the degradation rate 
of sago-based bioplastics. The degradation rate increased as the concentration of these agents changed, which affected the 
structure and porosity of the bioplastic matrix.

Table 3. Degradation Rate of Bioplastic from Sago

Sample ID Acetic Acid (%) Chitosan (%) Glycerin (%) Degradation rate (%)
A 2 2 3 50 %

B 2 4 3 45%

C 4 2 3 70 %

D 4 4 3 62 %

E 6 2 3 82 %

F 6 4 3 74 %
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Acetic acid has a significant effect because it plays a role in 
dissolving chitosan and forming the bioplastic matrix. At a 
higher concentration of acetic acid (6%), the degradation rate 
increased, reaching 82% (2% chitosan) and 74% (4% chitosan). 
This is due to the weaker matrix structure resulting from 
partial degradation of the polymer during the manufacturing 
process, making it easier to be degraded by microorganisms. 
In contrast, at 2% acetic acid concentration, the degradation 
rate was lower (50% in 2% chitosan and 45% in 4% chitosan) 
due to the denser and more homogeneous bioplastic 
structure. Chitosan plays a role in strengthening the matrix 
through hydrogen bonding with starch, thereby increasing 
resistance to degradation. At higher chitosan concentration 
(4%), the degradation rate tends to be lower than that of 2% 
chitosan, as seen at 4% acetic acid concentration (62% for 4% 
chitosan, compared to 70% for 2% chitosan). Glycerin, used 
at a constant concentration of 3%, increases the solubility 
of the matrix in water, thereby facilitating the access of 
microorganisms and accelerating degradation. The right 
combination of agents is required to optimize the degradation 
rate as needed, with a balanced concentration of acetic acid 
and chitosan to obtain a durable yet biodegradable bioplastic.
These results are in line with several other studies on 
bioplastics from natural sources (Folino et al 2020). For 
example, in a study of corn starch-based bioplastics, it 
was found that increasing the concentration of cross-
linking agent also reduced the degradation rate due to the 
formation of a denser material structure [12]. Sago-based 
research offers an additional advantage as sago is more 

accessible in many tropical regions, and has good solubility 
and film-forming properties. A significant difference with 
other studies may lie in the feedstock, where sago provides 
a smoother material texture than cassava starch [14], and 
has a higher biodegradability rate than synthetic polymer-
based bioplastics. Overall, this table not only illustrates the 
importance of material concentration, but also contributes 
to ongoing research to create environmentally friendly 
bioplastics with performance that can be customized for 
specific application needs, whether in packaging, medical, or 
agricultural industries.

CONCLUSION

This study shows that the addition of acetic acid, chitosan, and 
glycerin to sago starch-based bioplastics has a significant effect 
on the physical, mechanical, and biodegradability properties 
of the resulting materials. Overall, this study successfully 
produced bioplastics that have an optimal balance between 
strength, water resistance, and biodegradability, making 
them an eco-friendly alternative to conventional plastics. Its 
potential uses include applications in the packaging industry 
and disposable products, especially in areas that require 
strong, flexible and biodegradable materials. Thus, this 
modified sago starch-based bioplastic offers a sustainable 
solution in reducing the negative impact of petroleum-based 
plastics on the environment.

https://www.directivepublications.org/


Journal of Environmental And Sciences (ISSN 2836-2551) 

Acknowledgment
Special thanks go to the Research Collaboration Team of 
Universitas Cenderawasih and Universitas Internasional 
Papua, especially the Environmental Geophysics Laboratory 
of Universitas Cenderawasih and the General Engineering 
Laboratory of Universitas Internasional Papua. 

REFERENCES

1.	 Rozanna, D., Novi Sylvia, B., Zulnazri, C., Januar 
Parlaungan, S. D., & Medyan Riza, F. (2023). 
Characterization of Sago Starch Based Degradable 
Plastic with Calcium Carbonate (CaCO3) as Filler. 
Journal of Innovation and Technology, 2023(11), 1-11. 
https://www.aimspress.com/article/doi/10.3934/
environsci.2024014?viewType=HTML 

2.	 Sulaeman, B., Salam, N., Eka Putra, A. E., & Arma, L. 
H. (2023). DEVELOPMENT OF BIOPLASTICS FROM 
TAWARO’S ENVIRONMENTALLY FRIENDLY SAGO STARCH 
(METROXYLON). Eastern-European Journal of Enterprise 
Technologies, 125(12). https://doi.org/10.15587/1729-
4061.2023.289626 

3.	 Ansanay, Y. O., Runtuboi, D. Y., & Wiradyo, E. T. (2022). 
Potency of Utilizing Sago Starch as Natural Resource 
from Papua in the Production of Biodegradable Plastic. 
International Journal on Advanced Science, Engineering 
and Information Technology, 12(1), 353–358. https://
doi.org/10.18517/ijaseit.12.1.14267 

4.	 Shafqat, A., Tahir, A., Mahmood, A., Tabinda, A. B., Yasar, 
A., & Pugazhendhi, A. (2020). A review on environmental 
significance carbon foot prints of starch based bio-
plastic: A substitute of conventional plastics. Biocatalysis 
and agricultural biotechnology, 27, 101540. https://doi.
org/10.1016/j.bcab.2020.101540

5.	 Fauziah, A. R., Lanuru, M., Syahrul, M., Werorilangi, S., & 
Demmallino, E. B. (2020). Utilization of Solid Waste from 
Sago Flour Industry (Sago Pith Waste) as Biodegradable 
Plastic. Advances in Environmental Biology, 14(1), 42-48.

6.	 Guleria, S., Singh, H., Jain, A., Arya, S. K., Puri, S., & 
Khatri, M. (2024). Response surface methodology-based 
preparation of sago starch bioplastic film for food 
packaging. International Journal of Polymer Analysis 
and Characterization, 29(7), 478-495. https://doi.org/10.
1080/1023666X.2024.2383480 

7.	 Sulaeman, B., Salam, N., Putra, A. E. E., & Arma, L. H. 
(2024, September). Microstructural and mechanical 

properties of sago starch bioplastics (Metroxylon 
sp) as biodegradable plastics. In AIP Conference 
Proceedings (Vol. 3115, No. 1). AIP Publishing. https://
doi.org/10.1063/5.0207246

8.	 Awadhiya, A., Kumar, D., & Verma, V. (2016). Crosslinking 
of agarose bioplastic using citric acid. Carbohydrate 
Polymers, 151, 60-67. https://doi.org/10.1016/j.
carbpol.2016.05.040

9.	 Amalia, D., Saleh, D., & Djonaedi, E. (2020). Synthesis 
of biodegradable plastics using corn starch and corn 
husk as the fillers as well as chitosan and sorbitol. In 
Journal of physics: conference series (Vol. 1442, No. 1, 
p. 012007). IOP Publishing. https://iopscience.iop.org/
article/10.1088/1742-6596/1442/1/012007/meta 

10.	 Lusiana, S. W., Putri, D., & Nurazizah, I. Z. (2019, 
November). Bioplastic properties of sago-PVA starch 
with glycerol and sorbitol plasticizers. In Journal 
of Physics: Conference Series (Vol. 1351, No. 1, p. 
012102). IOP Publishing. https://iopscience.iop.org/
article/10.1088/1742-6596/1351/1/012102/meta 

11.	 Folino, A., Karageorgiou, A., Calabrò, P. S., & Komilis, D. 
(2020). Biodegradation of wasted bioplastics in natural 
and industrial environments: A review. Sustainability, 
12(15), 6030. https://www.mdpi.com/2071-
1050/12/15/6030 

12.	 Zoungranan, Y., Lynda, E., Dobi-Brice, K. K., Tchirioua, E., 
Bakary, C., & Yannick, D. D. (2020). Influence of natural 
factors on the biodegradation of simple and composite 
bioplastics based on cassava starch and corn starch. 
Journal of Environmental Chemical Engineering, 8(5), 
104396. https://doi.org/10.1016/j.jece.2020.104396

13.	 Nandiyanto, A. B. D., Fiandini, M., Ragadhita, R., 
Sukmafitri, A., Salam, H., & Triawan, F. (2020). 
MECHANICAL AND BIODEGRADATION PROPERTIES OF 
CORNSTARCH-BASED BIOPLASTIC MATERIAL. Materials 
Physics & Mechanics, 44(3). https://www.ipme.ru/e-
journals/MPM/no_34420/MPM344_09_nandiyanto.pdf 

14.	 Wu, F., Zhou, Z., Liang, M., Zhong, L., & Xie, F. (2021). 
Ultrasonication improves the structures and 
physicochemical properties of cassava starch films 
containing acetic acid. Starch-Stärke, 73(1-2), 2000094.  
https://doi.org/10.1002/star.202000094

15.	 Lintang, M., Tandi, O., Layuk, P., Karouw, S., & Dirpan, 
A. (2021, July). Characterization edible films of sago 

Research Article

6www.directivepublications.org

https://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTMLhttps://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTML
https://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTMLhttps://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTML
https://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTMLhttps://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTML
https://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTMLhttps://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTML
https://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTMLhttps://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTML
https://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTMLhttps://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTML
https://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTMLhttps://www.aimspress.com/article/doi/10.3934/environsci.2024014?viewType=HTML
https://journals.uran.ua/eejet/article/view/289626
https://journals.uran.ua/eejet/article/view/289626
https://journals.uran.ua/eejet/article/view/289626
https://journals.uran.ua/eejet/article/view/289626
https://journals.uran.ua/eejet/article/view/289626
https://journals.uran.ua/eejet/article/view/289626
https://ijaseit.insightsociety.org/index.php/ijaseit
https://ijaseit.insightsociety.org/index.php/ijaseit
https://ijaseit.insightsociety.org/index.php/ijaseit
https://ijaseit.insightsociety.org/index.php/ijaseit
https://ijaseit.insightsociety.org/index.php/ijaseit
https://ijaseit.insightsociety.org/index.php/ijaseit
https://www.sciencedirect.com/science/article/abs/pii/S1878818119306772?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S1878818119306772?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S1878818119306772?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S1878818119306772?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S1878818119306772?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S1878818119306772?via=ihub
https://www.aensiweb.net/AENSIWEB/aeb/aeb/2020/January/42-47(7).pdf
https://www.aensiweb.net/AENSIWEB/aeb/aeb/2020/January/42-47(7).pdf
https://www.aensiweb.net/AENSIWEB/aeb/aeb/2020/January/42-47(7).pdf
https://www.aensiweb.net/AENSIWEB/aeb/aeb/2020/January/42-47(7).pdf
https://www.tandfonline.com/doi/full/10.1080/1023666X.2024.2383480
https://www.tandfonline.com/doi/full/10.1080/1023666X.2024.2383480
https://www.tandfonline.com/doi/full/10.1080/1023666X.2024.2383480
https://www.tandfonline.com/doi/full/10.1080/1023666X.2024.2383480
https://www.tandfonline.com/doi/full/10.1080/1023666X.2024.2383480
https://www.tandfonline.com/doi/full/10.1080/1023666X.2024.2383480
https://pubs.aip.org/aip/acp/article-abstract/3115/1/060015/3313660/Microstructural-and-mechanical-properties-of-sago?redirectedFrom=fulltext
https://pubs.aip.org/aip/acp/article-abstract/3115/1/060015/3313660/Microstructural-and-mechanical-properties-of-sago?redirectedFrom=fulltext
https://pubs.aip.org/aip/acp/article-abstract/3115/1/060015/3313660/Microstructural-and-mechanical-properties-of-sago?redirectedFrom=fulltext
https://pubs.aip.org/aip/acp/article-abstract/3115/1/060015/3313660/Microstructural-and-mechanical-properties-of-sago?redirectedFrom=fulltext
https://pubs.aip.org/aip/acp/article-abstract/3115/1/060015/3313660/Microstructural-and-mechanical-properties-of-sago?redirectedFrom=fulltext
https://pubs.aip.org/aip/acp/article-abstract/3115/1/060015/3313660/Microstructural-and-mechanical-properties-of-sago?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/abs/pii/S0144861716305628?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0144861716305628?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0144861716305628?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0144861716305628?via=ihub
https://iopscience.iop.org/article/10.1088/1742-6596/1442/1/012007/meta
https://iopscience.iop.org/article/10.1088/1742-6596/1442/1/012007/meta
https://iopscience.iop.org/article/10.1088/1742-6596/1442/1/012007/meta
https://iopscience.iop.org/article/10.1088/1742-6596/1442/1/012007/meta
https://iopscience.iop.org/article/10.1088/1742-6596/1442/1/012007/meta
https://iopscience.iop.org/article/10.1088/1742-6596/1442/1/012007/meta
https://iopscience.iop.org/article/10.1088/1742-6596/1351/1/012102/meta
https://iopscience.iop.org/article/10.1088/1742-6596/1351/1/012102/meta
https://iopscience.iop.org/article/10.1088/1742-6596/1351/1/012102/meta
https://iopscience.iop.org/article/10.1088/1742-6596/1351/1/012102/meta
https://iopscience.iop.org/article/10.1088/1742-6596/1351/1/012102/meta
https://iopscience.iop.org/article/10.1088/1742-6596/1351/1/012102/meta
https://www.mdpi.com/2071-1050/12/15/6030
https://www.mdpi.com/2071-1050/12/15/6030
https://www.mdpi.com/2071-1050/12/15/6030
https://www.mdpi.com/2071-1050/12/15/6030
https://www.mdpi.com/2071-1050/12/15/6030
https://www.sciencedirect.com/science/article/abs/pii/S2213343720307454?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S2213343720307454?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S2213343720307454?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S2213343720307454?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S2213343720307454?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S2213343720307454?via=ihub
https://www.ipme.ru/e-journals/MPM/no_34420/MPM344_09_nandiyanto.pdf
https://www.ipme.ru/e-journals/MPM/no_34420/MPM344_09_nandiyanto.pdf
https://www.ipme.ru/e-journals/MPM/no_34420/MPM344_09_nandiyanto.pdf
https://www.ipme.ru/e-journals/MPM/no_34420/MPM344_09_nandiyanto.pdf
https://www.ipme.ru/e-journals/MPM/no_34420/MPM344_09_nandiyanto.pdf
https://www.ipme.ru/e-journals/MPM/no_34420/MPM344_09_nandiyanto.pdf
https://onlinelibrary.wiley.com/doi/10.1002/star.202000094
https://onlinelibrary.wiley.com/doi/10.1002/star.202000094
https://onlinelibrary.wiley.com/doi/10.1002/star.202000094
https://onlinelibrary.wiley.com/doi/10.1002/star.202000094
https://onlinelibrary.wiley.com/doi/10.1002/star.202000094
https://iopscience.iop.org/article/10.1088/1755-1315/807/2/022070/meta
https://iopscience.iop.org/article/10.1088/1755-1315/807/2/022070/meta
https://www.directivepublications.org/


Journal of Environmental And Sciences (ISSN 2836-2551) 

with glycerol as a plasticizer. In IOP Conference Series: 
Earth and Environmental Science (Vol. 807, No. 2, p. 
022070). IOP Publishing. https://iopscience.iop.org/
article/10.1088/1755-1315/807/2/022070/meta 

16.	 Tan, S. X., Ong, H. C., Andriyana, A., Lim, S., Pang, Y. 
L., Kusumo, F., & Ngoh, G. C. (2022). Characterization 
and parametric study on mechanical properties 
enhancement in biodegradable chitosan-reinforced 
starch-based bioplastic film. Polymers, 14(2), 278. 
https://www.mdpi.com/2073-4360/14/2/278. 

17.	 Maneking, E., Sangian, H. F., & Tongkukut, S. H. J. (2020). 
Pembuatan dan Karakterisasi Bioplastik Berbahan 
Dasar Biomassa dengan Plasticizer Gliserol. Jurnal Mipa, 
9(1), 23-27. https://ejournal.unsrat.ac.id/v3/index.php/
jmuo/article/view/27420/26972.

Research Article

7www.directivepublications.org

https://iopscience.iop.org/article/10.1088/1755-1315/807/2/022070/meta
https://iopscience.iop.org/article/10.1088/1755-1315/807/2/022070/meta
https://iopscience.iop.org/article/10.1088/1755-1315/807/2/022070/meta
https://iopscience.iop.org/article/10.1088/1755-1315/807/2/022070/meta
https://www.mdpi.com/2073-4360/14/2/278
https://www.mdpi.com/2073-4360/14/2/278
https://www.mdpi.com/2073-4360/14/2/278
https://www.mdpi.com/2073-4360/14/2/278
https://www.mdpi.com/2073-4360/14/2/278
https://www.mdpi.com/2073-4360/14/2/278
https://ejournal.unsrat.ac.id/v3/index.php/jmuo/article/view/27420/26972
https://ejournal.unsrat.ac.id/v3/index.php/jmuo/article/view/27420/26972
https://ejournal.unsrat.ac.id/v3/index.php/jmuo/article/view/27420/26972
https://ejournal.unsrat.ac.id/v3/index.php/jmuo/article/view/27420/26972
https://ejournal.unsrat.ac.id/v3/index.php/jmuo/article/view/27420/26972
https://www.directivepublications.org/

	Title
	Abstract
	Keywords
	Introduction
	Material and Methods
	Material
	Methods
	Stage 1
	Stage 2
	Stage 3
	Stage 4
	Stage 5
	Stage 6

	Result and Discussion
	Effect of adding modifying agents on Tensile strength
	Effect of adding modifying agents on Elongation at break
	Effect of adding modifying agents on Degradation rate

	Conclusion
	Acknowledgment
	References
	Table 1
	Table 2
	Table 3
	Figure 1

