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Abstract 

 

Eco-friendly plastic can be degraded biologically in an anaerobic environment. This plastic synthesize from starch such as sago starch 

that is available abundantly at the moment. In the form of bio plastic, the mechanical property still cannot be compared with conventional 

plastic derived from crude oil, hence the application become limited. Incorporating filler will improve its mechanical property, one of the 

chosen filler is jute fiber as used in this research. Jute fiber is a natural fiber. Thermoplastic starch (TPS) from sago with jute fiber as a 

filler and addition of Polypropylene to improve the mechanical properties with certain composition to maintain its biodegradability natu-

rally. The mechanical properties analyzed were tensile strength test, elongation and modulus of elasticity. Water absorption test was con-

ducted as well to observe the water resistance property. The results of tensile strength test showed the best tensile strength values of 

9.32 Mpa obtained at the fiber addition of 35% with a Ratio TPS : PP of 1:1.5. The same condition obtained for percent elongation with 

the result of 10.16% and modulus of elasticity of 91.73 Mpa. Water absorption showed 55% filler gave the lowest water absorption, 

4.41% at ratio of TPS : PP 1:0.5.  Addition of fiber filler into the bio composite has influenced the tensile strength, elongation and modu-

lus elasticity, higher filler volume incorporating into the bio composite has lowering the tensile strength, elongation and modulus elastici-

ty value, or vice versa. Ratio polypropylene matrix added has influenced as well, the higher ratio has contributed to the higher tensile 

strength, elongation and modulus elasticity. Addition of polypropylene has limited the ability of bio composite to absorb water. High 

water absorbency will reduce the performance of bio composite, so the lower the ability of the water absorption, the better the quality of 

bio composite product and the broader the application can be. 
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1. Introduction  
Concerns have been raised about the need to replace of petroleum-based polymers due to the shortage of fossil resources and their impact 

on the environmental. Recently, several researchers studied the potential of natural, renewable resources including starch, chitosan, chitin, 

and pectin have been extensively studied as a replacement for non-degradable petroleum derivatives. Among all agricultural resources, 

cellulose is cheaper than starch. Starch is the most abundant food commodity. There were numerous studies on bioplastics or bio       

composites based on starch, as it contains more than two hydroxyl groups per anhydrous glucose repeating unit, so that in combination 

with either a polyol or a cross-linking agent, it can be used for the preparation of polyurethane foams. Bioplastic widely used in home        

appliances and industrial sector due to its advantage such strong material, resistant to corrosion, more economical, biodegradable in 

shorter period of time compared to conventional plastic [1] [2]. 

The potential of sago (Metroxylon Sago) as a source of food and industrial materials has been recognized since the 1970s, but until now 

the development of the plant sago palm in Indonesia is still in place. Sago is a plant native to Indonesia. Sago starch contains amylose 

27% and amylopectin 73%. Deposits of carbohydrates in the forest of sago Indonesia reached 5 million tons of dry starch per year.    

Compared with plants producing other carbohydrates, the main advantages of sago plant is a high productivity. The production of well 

managed sago can reach 25 tons of dry starch/ha/year. Productivity is equivalent to the cane, but higher than cassava and potatoes 

with the productivity of dry starch 10-15 t/ha/year. Consumption of sago starch in a country only about 210 tons or just 4-5% of the   

potential production [3].  

Bio-based composites can be generated by preparing a matrix of carbohydrates or proteins, which are extracted either from plant or ani-

mal sources. One of the most attractive bio composite materials is by utilizing starch due to its high availability, inexpensive, and renew-

able material to produce bio-based polymer such as bio-plastic. Other natural sources can be used as matrices such as the protein of sun-

flower, Amaranth flour, Pea starch, rice flour and polybutylene adipate co-terephthalate, corn flour and chitosan [4]. 
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Bio composites consist of biodegradable polymers as the matrix material and biodegradable fillers, usually bio fibers (e.g. lignocellulose 

fibers). Since both components are biodegradable, the composite as the integral part is also expected to be biodegradable. Cellulose-

based fibers are the most widely used, as biodegradable filler. Intrinsically, these fibers have a number of interesting mechanical and 

physical properties. With their environmentally friendly character and some technoeconomical advantages, these fibers are of interest in 

an increasing number of industrial sectors (e.g. automotive) to replace glass fibers [3]. 

Polypropilene is a hydrocarbon polymer and included as thermoplastic polymer which can be processed at high temperature. This type of 

plastic is usually transparent but not clear or cloudy, hard but flexible, strong, the surface is waxy, resistant to chemicals, heat and oil, 

softened at a temperature of 140 oC [5] [6]. 

In this research, the plasticized thermoplastic starch wants to be modified with jute fiber (Boehmeria Nivea) a cellulose-based fillers, to 

become environmentally friendly composites. Addition of polypropylene is used to improve composite strength and give plastic 

behaviour as the thermoplastic sago starch has limited strength if used as single matrix without additional synthetic polymer. The varia-

tion of the jute fiber used is 35, 40, 45, 50 and 55%. This environmentally friendly composite is expected to have better chemical, 

physical, mechanical, thermal and water absorption characteristics than thermoplastic starch alone. Eco-friendly composites are expected 

to be a solution to reduce plastic waste because they can decompose naturally in a relatively short time [7].  

  

2. Literature Review  
Several research have been done in this area. Sudi et al, 2013 conducted a  research developing a polymer with adding durian seed starch 

as a filler into the synthetic polymer used for the manufacture of packaging materials and food containers such as polystyrene (PS) [8]. 

Punyamurthy et all, 2005 studied the fabrication and characterization of untreated and benzenediazonium chloride treated (Diazo treated) 

abaca polypropylene composites. A set of composites were prepared along with coupling agents and the other set devoid of coupling 

agents [9] [10]. The chemical and morphology of nanofibers isolated from rice straw by applying a high shear homogenization technique 

and its influence on mechanical properties of starch composite foam using thermal compression molding technique was done by 

Srithongkham et all, 2012. [11] [12]. Silviana and Subagio, 2019 utilize cassava bagasse as a matrix of composite reinforced by acetylat-

ed micro fibrillated cellulose (MFC) of bamboo, plasticized by EWCO, and crosslinked with lime with further characterization of the bio 

composite. Characterization of the product have been carried out in several kinds of analysis, i.e. mechanical by tensile strength, thermal 

stability by DSC-TGA analysis, qualitative functional group structural by FTIR analysis, and crystallinity by XRD analysis [4] [13]. 

2.1.  Thermoplastic Sago Starch 
Starch as biodegradable polymer to replace synthetic polymer has still needed to improve because of complex disadvantages including 

brittleness in the absence of suitable plasticizers, hydrophilic nature of starch and poor water resistance, deterioration of mechanical 

properties upon exposure to environmental conditions like humidity, and soft and weak nature of starch in the presence of plasticizers. 

Starch as an inexpensive material and renewable source is biodegradable and biocompatible. Its small granule size makes it as good par-

ticulate filler in many polymer blending systems. Also starch has its stiffness, tensile strength, and gas permeability are comparable to 

those of synthetic polymers from fossil fuels as a matrix in composite 

The concentration of starch to water will affect the viscosity of the solution forming a layer of plastic and the thickness of the film 

formed. The more viscous the starch solution the thick film layer is formed. The thicker the layer is formed to produce more clusters of 

hydrophilic which is very easy to interact with water. In its application in biodegradable plastic, starch is mixed with the grain of its 

natural that kept whole, or melted and mixed in a level of molecules with the polymer as appropriate. 

Granules of starch can be included as biodegradable fillers in polymer synthetic non-biodegradable. In principle, the starch according to 

the process as thermoplastic. The nature of the starch does not dissolve in water but if the suspension of starch is heated will happen 

gelatinization after reaching a certain temperature (the temperature of gelatinization). This is caused by the heating of the kinetic energy 

of the water molecules become more powerful than the power of attraction between the molecules of starch in the granules, so that the 

water can get into the starch and the starch will swell. Granule starch can swell and burst and so can not be return in its original 

condition. Change the properties is called gelatinization. To further increase the economic value of the stem of the sago, sago starch can 

be used as raw material for the manufacture of biodegradable plastic. 

Used polyurethane pre polymer that are synthesized from isocyanates and polyols to strengthen starch thermoplastics. This research 

produced modified thermoplastic starch that was cross-linked with polyurethane pre polymer obtained from Diphenyl methane di 

isocyanate and castor oil polyol which had better mechanical, thermal and chemical characteristics than bioplastics and could biodegrade 

naturally [14]. Subsequent research was carried out by adding chitosan as a reinforcement as well as antibacterial which can improve the 

mechanical performance of the resulting thermoplastic [15].  

2.2. Bio composite   
Bio composite or composite green is defined as a composite material composed of bio fiber or natural fibers that can be degraded and the 

polymer can be degraded (non-biodegradable) or that can be degraded (biodegradable) as a matrix function. The development of research 

bio composite has been very diverse, not only includes products for the needs of building materials, such as particle board, plywood or 

cement board and other, but has also grown by leaps and bounds in science and bio‐plastic or plastic reinforced with cellulose materials, 

either in the form of products of wood plastic composite (wpc) or injection molded natural fiber polymer. Plastic products plays an im-

portant role in the development of the automotive industry that are environmentally friendly [16].  

Bio-based composites can be generated by preparing a matrix of carbohydrates or proteins, which are extracted either from plant or ani-

mal sources. One of the most attractive bio composite materials is by utilizing starch due to its high availability, inexpensive, and renew-

able material to produce bio-based polymer such as bio-plastic. Other natural sources can be used as matrices such as the protein of sun-

flower, Amaranth flour, Pea starch, rice flour and polybutylene adipate co-terephthalate5 , corn flour and chitosan [17]. 

They are widely used for different applications as Automotive Industry, Aerospace Industry, Building Industry, Furniture Industry, Bio 

medical Industry etc. The need for lightweight, dimensionally stable materials for automotive and aerospace applications opened new 

frontiers of advanced materials. Natural fiber composites are being used for manufacturing many components in the automotive sector. 

Typical market specification natural fiber composites include elongation and ultimate breaking force, flexural properties, impact strength, 

acoustic absorption, suitability for processing and crash behavior. Plant fibers are mainly used in the part of car interior and truck cabins. 

The use of plant fiber based automotive parts such as various panels, shelves, trim parts and brake shoes are attractive for automotive 

industries worldwide because of its reduction in weight about 10%, energy production of 80% and cost reduction of 5% [18]. 
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2.3. Matrix and Jute Fiber 
To improve the performance such as moisture resistibility, mechanical properties, and long-term stability, several starch-based multi-

phase systems have been developed during the last two decades, such as blends or composites. Starch is often blended with other poly-

mers (mainly biodegradable) such as poly(lactic acid) (PLA), polycaprolactone (PCL), poly(butylene succinate adipate) (PBSA), 

poly(butylene adipate-co-terephthalate) (PBAT), poly(vinyl alcohol) (PVA), and many more [19]. 

The matrix is a phase in the composites have a part or fraction of the volume of the largest (dominant). The matrix has a function to 

transfer the voltage to the fiber evenly, protect the fibers from mechanical friction, hold and maintain the fiber in place, protecting it from 

adverse environmental, remain stable after the manufacturing process.  

Jute is produced from plants of the genus Corchorus, which includes about 100 species. It is one of the cheapest natural fibres and is 

currently the best fibre with the highest production volume. Bangladesh, India and China provide the best condition for the growth of jute 

[20]. It is known by the name of Boehmeria Nivea. In West Java is called by the name of haramay and gambe in Sulawesi. In the interna-

tional trade of plants is known as ramie. Natural fiber jute has the opportunity to be developed as a medium of reinforcement in a poly-

mer resin. All natural fibers from plants have properties hydrophilic which is very contrary to the nature of the hydrophobic polymer. In 

this study, alkali treatment such as the use of NaOH is intended to reduce the hydrophilic natural fiber that is expected to have compati-

bility with the hydrophobic polymer. 

3. Methods 

3.1 Working Procedure 
Materials and equipment required in this study, among others, is sago flour, jute fiber, distilled water, polypropilene, glycerol, Methylene 

Diphenyl Diisocyanate (MDI), polyol, and 5% NaOH, beaker glass,  analytical balance, hot plate, measuring cup, spatula, thermometer, 

oven, knife, casting glass, pot, torsee's electronic system, spectrophotometry. Fixed variable are as follow 50 grams of sago flour, 9 

grams MDI, 12 grams of polyol and 5 grams of glycerol. The independent variable is the volume of the fiber jute 35%, 40%, 45%, 50%, 

55%, and the ratio of TPS:PP is 1:0,5; 1:1; 1:1,5.  

This research method included the stages of preparation of polymer fiber, producing starch thermoplastic and bio composite and stage of 

analysis. The analysis done was to measure mechanical property (tensile and elongation) of bio composite to understand its strength, 

biodegradability and functional group structural.  

At the preparation of polymer fibers, jute fibers are washed and small cut and smoothed using a blender, sifted using 50 mesh 50, then 

soaked with 5% NaOH for 2 hours after it is neutralized and dried. The second stage of the preparation of thermoplastic that is 

weighed jute fiber, 5000 grams sago flour 200 ml water, jute fibers with water and then mixed after it is heated and stirred until it be-

comes a gel at a temperature of gelatinization 70oC for 25 minutes. The mixture was cooled and then added the 9 grams MDI, 12 grams 

polyol and 5 grams glycerol. The mixture homogeny dried using an oven at a temperature of 80oC for 24 hours, then the mixture is dried 

to be shaped like crust, then blended into a smaller size. The third stage of the preparation of bio composite was heating polypropylene in 

a frying pan until melted, added 50 grams starch thermoplastic, stirring until homogeny and then printed in casting glass and pressed for 

25 minutes. 

 

3.2 Analysis 
The mechanical test is tensile test and elongation at break. Tensile strength test and elongation at break were performed by Electronic 

System Universal Testing Machines (ASTM D882-81). Another test performed was water resistant to observe the ability of bio compo-

site to absorb water. 

4. Results and Discussion 

Mechanical test was done using Tensile and elongation test. The tensile strength of a material is the tensile strength of the test material to 

accept the load without being damaged or broken. The value of tensile strength does not depend on the size of the material but because 

on the type of material. Other factors contribute to the strength such as the presence of impurities in the material, temperature and 

humidity of the test environment, and the preparation of specimens. Elongation is a change in maximum length before the bio composite 

is cut off. Elongation percentage presented the ability of bio composite to stretch to the maximum. 

4.1. Tensile Strength  
Mechanical testing was performed in accordance with standard ASTM D 638-03 using the Torsee's Electronic System test machine. The 

measurement reults are carried out to determine the tensile strength and elongation. The effect of filler concentration on bio composite 

tensile strength can be seen in Figure 1. 

 
 

Fig 1. Relation between Tensile Strength of Bio composite with Jute Fiber Filler  

on different ratio of propylene composition 
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From Figure 1 shows that the value of tensile strength is influenced by the composition of the raw material of the composite. The highest 

tensile strength values 9.32 Mpa obtained at the ratio of TPS : PP of 1:1.5 with the addition of 35% filler jute fiber. While the addition 

of 55 % filler jute fiber resulted in a decrease in tensile strength to 3.98 Mpa. More filler added into the bio composite has led into the 

decreasing the tensile strength. The decrease of tensile strength in the sample caused by the interaction between the matrix and filler is 

weakened, so that the force exerted on the matrix does not transfers well on filler which finally make the composite to be less robust 

against load. Polypropylene is used to improve composite strength and give plastic behaviour as the thermoplastic sago starch has limited 

strength if used as single matrix without additional synthetic polymer. However, addition polypropylene into the mixture will influence 

the biodegradability rate, hence it is required to look carefully at the amount of PP add into the mixture. Biodegradability of this 

composite will be discuss somewhere else. 

This is in accordance with research conducted by Ningsing et all, 2012, added banana starch into the matrix polypropylene (PP) and get 

the value of the tensile strength of the optimum on the addition of the starch 2 grams, but on the addition of starch 3 grams the value of 

the tensile strength decreased [12]. Other study had also been carried out by Sudi, 2013, mechanical properties on composite matrix pol-

ystyrene material added with durian seed starch and obtain tensile strength values decreased on the addition of starch is above 5% [9]. 

The decrease in tensile strength can also influence by sago matrix (TPS), because with the decreasing weight of the sago matrix (TPS), 

the matrix is not able to bind the filler well. As a result, when the load is applied, the load is not maximally distributed due to the weak 

bond between the filler and the matrix. Another factors that can affect a decrease in the strength of the composite was uneven mixture of 

the matrix and the filler used and the presence of voids (holes). In addition, it is also influenced by the position of the filler which is not 

related to each other which causes the bio composite to break easily in the matrix. Less filler used will reveal greater tensile strength, 

whereas too much filler used will not provide a balance with the weight of the matrix, then the tensile strength of the bio composite will 

be lower.  

 

4.2. Percent Elongation  
Elongation percentage is the length increase of a test material due to the withdrawal load until just before experiencing fracture. The 

relationship of jute fibre filler composition on elongation percentage can be seen in Figure. 3 below. 

 

 
 

Fig 2. Relation between percent elongations of Bio composite with Jute Fiber Filler  

on different ratio of propylene composition  

 

In Figure 2, the results of the percent elongation test has indicated the highest elongation value of 10.16% obtained  at the incorporation 

of  35% jute fiber  at the ratio of  TPS:PP of 1:1.5. Meanwhile, the lowest elongation value of 3.99% occurred at addition of  55% jute 

fiber  and the ratio of TPS:PP 1:0,5. The elongation decreased due to the increase in the weight fraction of the filler which was too much. 

This reduction in elongation is due to the increase in the number of fibre in the filler in the bio composite which will further prevent the 

polypropylene polymer from moving from one place to another so that it will result in early failure when it is loaded. The more polypro-

pylene added to composite will reduce the percent elongation as well. Percent elongation should be designed according to the needs and 

application, hence it should become the consideration when characterize the quality of the bio composite whether the products is desire to 

be flexible or less flexible.  

 

4.3. Modulus of Elasticity with different filler composition  
Value of Modulus of elasticity of the composite is the ratio between the voltage with a strain that occurs, or can be said as the level of 

stiffness of a material. Modulus elasticity is shown in Figure 3. 
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Fig 3. Modulus of Elasticity of Bio Composite with different Composition  

of Jute Fiber Filler on different ratio of propylene composition 

 

From Figure 3, it can be seen the highest modulus elasticity of 91.73 Mpa and obtained at the filler concentration of 35%. The lowest 

modulus elasticity was obtained at the highest concentration of filler of 55% with modulus elasticity of  59.67 Mpa. Addition of fiber 

filler into the bio composite has influenced the modulus elasticity, higher filler volume incorporating into the bio composite has lowering 

the modulus elasticity value, or vice versa. Ratio polypropylene matrix added has influenced the modulus elasticity as well, the higher 

ratio has contributed to the higher modulus elasticity. The consideration of filler composition and polypropylene ratio inside the bio 

composite will be depending on the application of bio composite, where some application will require hard bio composite and some other 

will require flexible bio composite. 

 

4.4. Water Absorption Property 
Water absorption is the physical properties which reflect the ability of the bio composite to absorb water after 24 hours. The water ab-

sorption of bio composite can be seen in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 4. Water Absorption Percentage of Bio Composite with different Composition  

of Jute Fiber Filler on different ratio of propylene composition 

 

From Figure 4, it can be seen that the values of bio composite water absorption bio composite influenced by the addition of filler. Higher 

filler incorporating into the bio composite gave higher ability to absorb water. Bio composite with jute fiber filler of 55% has water   

absorption of 4.41%, while 35% filler has water absorption of 2.72%. When analysis the ratio of Polypropylene in the bio composite, it 

can be seen that higher ratio of polypropylene inside the bio composite has made the ability of bio composite to absorb the water become 

lower, while lower polypropylene ratio has influenced to the higher water absorption capacity. Sago starch is hydrophilic, easy to absorb 

water, hence addition of polypropylene has limited the ability of bio composite to absorb water. High water absorbency will reduce the 

performance of bio composite, so the lower the ability of the water absorption, the better the quality of bio composite product and the 

broader the application can be. 

5. Conclusion  
More filler added into the bio composite has led into the decreasing the tensile strength. The decrease of tensile strength is caused by the 

interaction between the matrix and filler is weakened, so that the force exerted on the matrix does not transfers well on filler which final-

ly make the composite to be less robust against load. Polypropylene is used to improve composite strength and give plastic behaviour as 

the thermoplastic sago starch has limited strength if used as single matrix without additional synthetic polymer. Same phenomena applied 

to percent elongation, where higher jute filler and polypropylene ratio gave lower percent elongation. Percent elongation should be    
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designed according to the needs and application, hence it should become the consideration when characterize the quality of the bio       

composite whether the products is desire to be flexible or less flexible. Addition of fiber filler into the bio composite has influenced the 

modulus elasticity, higher filler volume incorporating into the bio composite has lowering the modulus elasticity value, or vice versa. 

Ratio      polypropylene matrix added has influenced the modulus elasticity as well, the higher ratio has contributed to the higher modulus 

elasticity. In term of water absorbency, sago starch is hydrophilic, easy to absorb water, hence addition of polypropylene has limited the 

ability of bio composite to absorb water. High water absorbency will reduce the performance of bio composite, so the lower the ability of 

the water absorption, the better the quality of bio composite product and the broader the application can be. 
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