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ABSTRACT 

Bioplastic is the plastic that is naturally decomposed with the help of microorganisms. The use of starch as the 

main ingredient for the plastic manufacture has a great potential, because in Indonesia, there are varieties of starch crops 

and one of them is jackfruit. This study was aimed to determine the effect of chitosan and ethylene glycol in the 

physicochemical properties of bioplastic which was made by utilizing jackfruit seeds. In the manufacture of bioplastic, the 

ratio of jackfruit seeds: chitosan was 7: 3, 8: 2 and 9: 1 (w/w), while the concentrations of ethylene glycol were varied as 

20 mL/ g, 25 mL/ g, 30 mL/ g, 35 mL/ g, and 40 mL/ g (v/w). The product was physically and chemically analyzed by 

using RVA (Rapid Visco Analyzer), FTIR (Fourier Transform Infra Red), tensile strength measurement, and SEM 

(scanning electron microscopy). From the RVA analysis of jackfruit seeds starch, the gelatinization temperature was 

obtained as 88.82 °C with the peak of viscosity of 3276.5 cP. Characterization of FT-IR spectra of the bioplastics with 

chitosan and ethylene glycol indicated O-H and N-H groups. The best conditions for bioplastics tensile strength was in the 

ratio of jackfruit seed starch and chitosan (w/w) with 7: 3 and a plasticizer of 0.35 mL/ g at 28.271 MPa. The results of 

mechanical test was supported by scanning electron microscopy (SEM) analysis that showing bioplastics with chitosan 

filler and plasticizer ethylene glycol has a smooth and soft surface and also was slightly void. 
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INTRODUCTION 
The production of plastic is in its mainstream 

phase over the past two decades. Its lightness and strong 

characteristic make people tend to use plastics for their 

daily actvities. However, it raises a new problem for the 

environment, mainly because of the plastic is difficult to 

be degraded. If the plastic waste is dumped in final 

landfills and incineration process of plastic is performed to 

reduce the piles of garbage, it will cause massive air 

pollution [1]. 

The answer to tackle this issue is by replacing the 

polymer materials with bioplastics, as it will be easily 

degraded by nature [2]. Bioplastics can also be recycled 

because of its constituent compounds are derived from 

plants such as starch, cellulose, and lignin as well as 

animals such as casein, proteins and lipids [3]. One of the 

isolatable starch is jackfruit seeds. Jackfruit seed weight is 

about 8-15% of the total weight of the fruit [4]. Jackfruit 

seeds have a carbohydrate content of 36.7 grams per 100 

grams and for every 36.7 grams of carbohydrates; the 

starch content is amounted to 94.5% [5]. Chitosan is used 

as bioplastics filler. The selection of chitosan as an 

alternative to modify the plastic into environmentally 

friendly plastic is due to an excellent biodegradation 

properties which is possesed by chitosan [6]. The elasticity 

of chitosan is very weak, but it can be enhanced with the 

addition of a liquid/ solid substance in order to improve 

the properties of plasticity [4] [6]. The process of this 

addition is known as a plasticizer, while the added 

substance is called as plasticizers [4]. 

MATERIALS AND METHODS 
 

Materials 

ackfruit seed were purchased from the fruits 

seller at traditional market in Padang Bulan, North 

Sumatera, while ethylene glycol, shrimp chitosan, 

aquadest, and acetic acid glacial were purchased from 

Merck. 

 

Preparation of starch 

As much as 100 grams of shelled parts of the 

outer sheath and the epidermis of Jackfruit seeds was 

cleaned with water. Seeds were cutted with the size of 1 

cm
2
 approximately and then crushed by using a blender 

with the addition of water. The soft material was removed 

from the blender and filtered through a plastic sieve to 

obtain a pulp and liquid filtrate (starch suspension). The 

resulting suspension was then deposited for 24-48 hours 

until the starch settled perfectly. The liquid in a bottom 

side which contains big amount of starch was filtered 

using Whatman filter paper no.1 to obtain a wet starch. 

Then, the precipitate was dried in the oven with a 

temperature of 70 °C for 30 minutes. Retrieved dry starch 

powder and sieved with 100 mesh sieve [7]. 

 
General procedures 

As many as 10 grams of starch was provided. 

Starch solution was made with a ratio of starch: distilled 

water as 1: 20 as much as 100 grams in 500 ml glass 

beaker. Then, the mixture of starch and chitosan was 

mailto:maulida@usu.ac.id


                                VOL. 13, NO. 1, JANUARY 2018                                                                                                              ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                 241 

created with the volume that has been calculated on a glass 

beaker. 500 ml glass beaker containing mixed starch was 

placed on a magnetic stirrer with a regulated temperature 

of 88.82 °C for 25 minutes and stirred constantly with 

rotation speed of 400 rpm. After 25 minutes, ethylene 

glycol with a variation of 20%, 25%, 30%, 35% and 40% 

starch solution was added, and then stirred for 15 minutes. 

After that, the magnetic stirrer was turned off and 50 ml 

solution was poured into the 20x20 cm mould flexi glass, 

then dried in an oven at T = 60 °C for 24 hours. Once it 

had drained, it was putted in desiccators for 24 hours. 

Then, the bioplastic was removed from the mould and 

ready to be analyzed [8]. 

 

RESULTS AND DISCUSSIONS 
 

Pasting behaviour and gelatinization temperature 

In this study, the method used to determine the 

starch gelatinization behaviour was determined by using 

the Rapid Visco Analyzer (RVA). RVA is a method which 

is widely used to determine the nature and viscosity of 

starch paste from the nature itself. The amylograph of 

jackfruit seed starch which was measured by RVA can be 

seen in Table-1. The gelatinization temperature is the 

critical temperature at which the starch granules losing its 

refractive properties (birefringence) and its crystallinity 

during the heating process [9]. The value of jackfruit seed 

starch gelatinization temperature can be seen in table 1. 

The gelatinization temperature was high due to the big 

amount of amylose content [10].   

 

Table-1. The amylograph of jackfruit seed starch. 
 

Parameter Jackfruit seeds starch 

Gelatinization temperature 88,82 °C 

Peak Viscosity 3.276,5 cP 

Hold Viscosity 2.453,5 cP 

Final Viscosity 5.366 cP 

Breakdown 823 cP 

Setback 1 2,912,5 cP 

 

There are several steps in the process of 

gelatinization. The first step is, the starch in cold water 

will absorb water for about 5-30%, and this process is 

reversible. The second step, due to the heating supplied 

hydrogen bonding between amylose and amylopectin in 

the starch granules, it begins to break up, so that water can 

get into the starch granules and granule begins to swell. 

The process of water absorption into the starch granule is 

irreversible [11]. In the second step of gelatinization 

process, the starch granules swelling is causing a rapid 

increase in viscosity and produce maximum viscosity 

namely as Peak Viscosity (PV) [12]. The maximum 

temperature at which the final viscosity reached is called 

as gelatinization. At this temperature, the starch granules 

have lost its birefringence properties and grainy already 

and do not have a crystal in its form [13]. The greater the 

swelling ability of the starch granules, the higher its 

viscosity paste [10]. RVA measurement resulted PV 

jackfruit seed starch as 3276.5 cP. The third step of 

gelatinization showed the greater swelling granules. The 

amylose which came out from the starch granules was 

dispersed in the mixed liquid until the starch granules 

ruptured [11]. The outbreak of the structure of the starch 

granules lead to a decrease in viscosity paste. The 

viscosity peak decreased to hit 2453.5 cP. This viscosity is 

called as hold viscosity (HV). HV is the ability to hold the 

starch granules and press the heating strain. The difference 

between PV and HV can be seen by their viscosity value 

difference as 823 cP. Low viscosity breakdown showed 

that granules possesed higher stability towards heating 

[14]. In the cooling phase, the viscosity of starch paste 

increased due to the formation of amylose and 

amylopectin molecules through the hydrogen bonds [12]. 

RVA viscosity measurement result increased to 5366 cP. 

This viscosity is called as cold viscosity or Final Viscosity 

(FV). Setback is the difference between the HV with FV. 

It demonstrates the ability of starch pastes to undergo a 

retro-gradation. It is the process of reshaping the starch 

matrix which has already been gelatinized. The higher the 

value of the viscosity setback means that the higher the 

ability of starch to have a retro-gradation properties [15]. 

Based on the results of the RVA, the setback of viscosity 

value of the jackfruit seed starch was 2912.5 cP. The high 

value of setback was obtained due to the increasing of 

brittleness in starch granules diametres during the 

gelatinization and disintegration process which facilitates 

the releasing of amylose chains and recombining amylose. 

Starch with high setback value indicates that the number 

of amylose is rebounded via hydrogen bonds so that the 

formed starch structure becomes stronger. To sum up, the 

higher the number of amylose starch, the higher the value 

of the final viscosity [10, 22]. 

 

FTIR 

The information of the appearance of several 

peaks is shown in Figure-1. It also shows that for both 

bioplastics with chitosan and without chitosan have a 

similar spectrum. Bioplastics with chitosan indicating the 

O-H group stretching at 3649.32 cm-1 while for bioplastic 

without chitosan is at 3676.32 cm-1. The C-H group 

stretching on bioplastics with chitosan and without 

chitosan are recorded at 2993.52 to 2877.79 and 2993.52 

to 2877.79 cm
-1

 respectively. Also, C-O band appeared for 

bioplastics with chitosan and without chitosan at 1172.72 

to 1118.71 and 1176.58 to 1114.86 cm
-1

 respectively [16]. 

The amide carboxyl group spectra is clearly visible at 

1647.21 cm
-1

. And there is also a hydroxyl groups O-H 

absorption band in the area of 3433.29 cm
-1

 [17]. 
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Figure-1.  The FTIR result among jackfruit seed starch, 

chitosan, bioplastic without/by adding chitosan filler 

and ethylene glycol plasticizer. 

 

According to Darni and Herti (2010), the 

bioplastics which contain the C=O functional groups and 

ester carbonyl (C-O) indicate that the bioplastics are 

biodegradable. These functional groups are owned by 

starch and chitosan. This is due to the C=O and ester 

carbonyl (C-O) which are hydrophilic. The ability of both 

groups to bind water molecules derived from 

microorganisms that can lead to enter the plastic matrix 

and make them easily to be degraded [16]. 

 

Tensile strength 

Figure-2 shows the relationship of the addition of 

ethylene glycol to chitosan and to the tensile strength of 

bioplastics. From the figure below, it can be seen that the 

highest tensile strength value of bioplastic is resulted by 

the addition of 3 grams chitosan and ethylene glycol of 

0.35 mL/ g with the amount of 28.271 MPa, while the 

lowest tensile strength is resulted by the addition of 1 

gram of chitosan and ethylene glycol of 0.20 mL/ g with 

the amount of 14.881 MPa. 

 

 
 

Figure-2.  Effect of chitosan and ethylene glycol on 

tensile strength of bioplastic. 

 

Based on Figure-2, the addition of chitosan fillers 

and plasticizers ethylene glycol has given an effect to the 

tensile strength of bioplastics. With the increasing number 

of chitosan may cause the tensile strength value of 

bioplastics is increased. This is caused by the addition of 

chitosan as filler may increase the density and resulting a 

bioplastics with a dense structure so that the tensile 

strength of bioplastics is increased [18]. The addition of 

plasticizer varies inversely with the addition of fillers and 

decrease the value of the tensile strength. This is caused 

by the addition of a plasticizer lowers the density of the 

structure of the polymer chains which causes a decrease in 

tensile strength [17]. In the figure above, it shows a 

decline in tensile strength on the addition of 1, 2, and 3 

grams of chitosan with ethylene glycol of 0.35 mL/ g. 

According to Chrismaya (2012), a decrease in tensile 

strength of bioplastic conditions is caused by the presence 

of plasticizer in the mixture. This leads to a state of 

saturation plasticizer resulted as a plasticizer effect which 

lowers the value of the tensile strength [19]. 

 

SEM 

Figure-3 shows the results of SEM 

characterization of jackfruit seed and bioplastics products 

with and without the addition of fillers and plasticizersn 

with a 1,000 times magnification. In Figure-3(a), the result 

of SEM analysis showed that the morphology of jackfruit 

seed starch has a particle size which is not uniform. SEM 

is a method to produce the image of the microscopic 

surface area of the sample [20]. SEM analysis result of 

jackfruit seed starch shows a starch granule size of 7.6 µm. 

In Figure-3(b), the bioplastics without filler are 

indicated to partly undergo the gelatinization process. 

Figure-3(b) also shows that bioplastics without filler has a 

structure that is less dense and the surface is less smooth. 

This is caused by the absence of fillers in bioplastic so that 

it becomes fragile and its surface morphology is not tight. 

In contrast, Figure-3(c) shows the bioplastics, which its 

surface looks denser and smoother compared to the 

Figure-3(b). In Figure-3(c), the starch granules were not 

detected which means that the starch has been gelatinized 

perfectly. In addition, bubble (void) is identified in Figure-

3(c). It is caused by hydrogen bonding chains of starch 

which started to break down when reaching the 

gelatinization temperature and the water molecules began 

to infiltrate into hydroxyl groups in the starch molecule 

[21, 22]. 
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(a) 

 

 
(b) 

 

 
(c) 

 

Figure-3. Morphology analysis of bioplastic surface (a) 

SEM characterization of jackfruit seeds with 1000 times 

magnification, (b) bioplastics without filler and plasticizer 

ethylene glycol chitosan with 1000 times magnifications, 

and (c) bioplastics with addition of chitosan and plasticizer 

ethylene glycol with 1000 times magnification. 

 

CONCLUSIONS 

Based on the results of the research, it can be 

concluded that the jackfruit seed starch reached the 

gelatinization temperature of 88.82 °C with the viscosity 

peak of 3276.5 cP. Characterization of FT-IR spectra of 

the bioplastics with chitosan and ethylene glycol indicated 

the O-H and N-H groups. The best conditions of starch 

bioplastics tensile strength in comparison with jackfruit 

seed starch: chitosan (w/w) was 7: 3 with a plasticizer of 

0.35 mL/ g at 28.271 MPa. The elongation break with the 

ratio of starch: chitosan (w/w) of 9 : 1 with a plasticizer of 

0.40 mL/ gram at 1.999% and the young modulus ratio of 

starch: chitosan (w/w) was 7: 3 with a plasticizer of 0.30 

mL/ gram at 42.581 MPa. 
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