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Abstract

Plastic waste is the third-largest waste source in the world, so it raises the world’s human health and
environmental concerns. Replacing conventional petroleum plastic with bioplastic is an alternative
way to minimise plastic wastes from human life and bioplastic is more environmentally friendly.
Therefore, this research study aims to synthesise bioplastic from corn starch via gelatinization and
study its characteristics. Different from other studies, in this study, new formulations of bioplastics
with different ratios of corn starch to glycerol samples that are 1:0.5, 1:1, 2:1, and 2:2, namely Sets A,
B, C, and D, respectively, were studied and compared. From the Fourier Transformation Infrared
Spectroscopy analysis, the results show that all produced cornstarch-based bioplastic samples had the
four major plastic’s functional groups which indicated that they were categorized as polyester.
Meanwhile, via thermal property analysis, all bioplastic samples could be thermally decomposed from
34 °C to 504 °C where their weight was reduced from 5 mg to 1 mg. Among the four bioplastic
samples (Sets A to D) with different ratios of corn starch to glycerol, it was found that the ratio of corn
starch and glycerol was 1:0.5 (Set A) had more biodegradable characteristics and it had the lowest
water holding capacity. From the results, Set A could only hold around 4.27 % of the water that could
avoid the interaction of water with the contents that were wrapped. Besides, from the results, Set A
could degrade better in soils, and dissolve more in ethanol, acetone, and oils when compared to other
samples. Since the bioplastic can degrade naturally by the ethanol produced from bacteria in the soils
under anaerobic reactions, thus Set A has the potential application to be used as a fertiliser coating to
minimise the fertiliser release rate in regions under heavy rainfall.
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1. Introduction

In the past 60 years, human beings had generated 8 billion tons of petroleum-based plastic
globally, and the production rate of plastic is still increasing [1]. Some popular materials are
commonly used to manufacture plastic, including polyethylene, polyvinyl, and polystyrene [2]. Plastic
applications include medical applications, food packaging, toys, containers, mobile items, sports
items, etc. [3]. However, improper plastic waste management and inappropriate human behaviour lead
to the accumulation of an abundance of plastic waste [14]. Most petroleum-based plastics are long-
established plastics that are less sustainable as compared to bio-based plastics [5] and they are difficult
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to be recycled [6]. In addition, these petroleum-based plastics are usually broken down into
microplastics that have the potential to affect marine ecosystems and human health [7].

Bioplastics are classified into biodegradable and bio-based plastics. Bio-based plastics focus on
the raw material used while biodegradable plastics focus on the ability of the final products to
decompose [8]. Biodegradable plastics are compostable, but bio-based plastics can be non-
biodegradable [9]. Apart from that, during the biodegradation process of plastics, greenhouse gases
such as carbon dioxide are released into the surrounding [10]. Biodegradable plastics can be made up
of fossil, blends of renewable or renewable resources. However, the final formed chemical structure of
bioplastics can affect their biodegradability. Therefore, the raw materials of bioplastics that affect the
final chemical structure of bioplastics including their functional group need to be taken into
consideration [11].

On the other hand, biodegradable bioplastics can be photodegradable, and biodegradable [12].
Photodegradable bioplastics are sensitive to light [10] in which the light-sensitive groups that link the
backbone of the polymer bioplastics function as addictives to capture the light for the degradation
process [12-13]. Moreover, the polymeric structure of bioplastics is degraded if it is exposed to
extensive ultraviolet radiation for long periods and that is also considered photodegradation. Later, this
scenario can allow the disintegrated bioplastics to undergo further bacterial degradation [2]. However,
the photodegradation of bioplastics can be difficult when the natural sunlight is insufficient to carry
out the process. Therefore, the biodegradation of bioplastics is more promising than the
photodegradation of bioplastics.

Despite that, the biodegradable plastics that are made from microorganisms can form
biopolymer which includes polyhydroxyalkanoate, aliphatic polyesters, polylactides, and
polysaccharides [14]. Also, there is semi-biodegradable plastic that is a kind of starch linking plastic
that connects the short fragments of polyethylene or polyethylene [15]. However, this type of
bioplastic cannot be decomposed fully due to the fragment of polyethylene or polyethylene that will
prevent the bacteria from attacking the starch and some environmental factors [2]. Thus, it can be said
that different types of bioplastics have dissimilar chemical, physical, mechanical, and biological
properties. Moreover, these properties may change over time which leads to the different levels of
tissue compatibility from their raw materials and they become hard to degrade.

Therefore, biodegradable plastics should not emit a prolonged erythrogenic and toxic reaction to
human’s health while having an accepted usable period. Moreover, the regeneration process time of
bioplastics should be the same as the degradation process. Also, during the degradation process of
bioplastics, it should not release any toxic or harmful substances that are unable to be metabolized or
cleared by a human’s body. Additionally, its permeability and processability should be appropriate for
its application [16]. However, the production cost of bioplastics can be high, which cannot be
produced on a large scale to replace petroleum-based plastics [17]. Thus, corn starch can be one of the
most convincing raw materials due to its low cost and availability [18] According to [19], corn is
cultivated and harvested in many areas of Malaysia. The cultivation area for corn in Malaysia is
around 11,713 hectares in the year 2018 and the annual production of the corn is about 84,170 tonnes
[19]. Also, starch contains a long chain of two glucose units that are joined together, which is also
known as polymerised amylopectin and amylose. Moreover, starch-based bioplastic can behave like
thermoplastic and have improved heat and mechanical properties [18].

This project aims to produce biodegradable cornstarch-based bioplastic via gelatinization in a
simple, more eco-friendly, and environmentally friendly way. Corn starch is used as it is already
available in commercial packaging materials at a cheap price and it has a higher amylose content as
compared to other starch sources which will provide a more stable decomposition temperature.
Different from other studies, in this study, new formulations of bioplastics with different ratios of corn
starch to glycerol samples were 1:0.5, 1:1, 2:1, and 2:2, namely Sets A, B, C, and D, respectively,
were studied and compared. Several characterization analyses were performed, and they were Fourier
transformation infrared spectroscopy (FT-IR) analysis, thermal properties analysis (TGA), and
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biodegradation analyses including water absorption analysis, soil degradation analysis,
photodegradation analysis, dissolution in acetone, ethanol, and oil analysis.
2. Materials and methods

2.1 Materials and equipment

To synthesise corn-starch-based bioplastic, materials that were required were corn starch with
25 % amylose content, distilled water, and vinegar with 5 % to 6 % of Acetic acid. Besides, glycerol
with a purity of 98 % was used as a plasticizer in this project. Meanwhile, other general laboratory
equipments required were small beakers, a hot plate with a magnetic stirrer, spatula, weighing
machine, pipette, and Petri dishes. An FT-IR spectrophotometer was used to identify the functional
group of the produced corn starch-based bioplastics with different ratios of corn starch to glycerol
samples that were 1:0.5, 1:1, 2:1, and 2:2, namely Sets A, B, C, and D, respectively. Besides, the TGA
was used for the thermal properties analysis.

2.3 Preparation of corn-starch-based bioplastic

The corn-starch-based bioplastic was synthesised via a following modified method that was
originally taken from [20], and [21]. Two grams of corn starch was prepared in a small beaker. 12 mL
of distilled water, 1 mL of vinegar, and 1 mL of glycerol were added into the beaker and mixed well
with corn starch. Vinegar was diluted with Acetic acid which was used to break down the
amylopectin. Also, Acetic acid can change the structure and properties of the polymer. The mixture
was then transferred to a hot plate and heated under 150 °C. The mixture was stirred constantly with
the stirrer until it boiled. When the mixture turned transparent, the hot plate was turned off. The
mixture continued stirring for 2 to 5 minutes. After 2 to 5 minutes, the mixture was placed on the petri
dish and moulded as thinly as possible. The mixture was placed and dried at room temperature. Then,
the bioplastic was removed from the petri dish carefully when it was completely dry. As mentioned
earlier, new formulations with four sets of different ratios of corn starch to glycerol samples that were
1:0.5, 1:1, 2:1, 2:2, were conducted and they were indicated as Sets A, B, C, and D, respectively. All
these samples were also then investigated under characterisation methods and biodegradation analyses
to determine their properties and characteristics.

2.4 Characterisation methods
2.4.1 Fourier transformation infrared spectroscopy analysis

This FT-IR spectroscopy analysis was carried out to assess the chemical structure of the
produced bioplastic, especially the identification of chemical functional groups in the testing samples.
In this study, the FT-IR instrument used to perform FT-IR spectroscopy analysis was the Agilent
model (Cary 630 Agilent), Bruker makes, ALPHA II with 350 to 8,000 wavelengths. The FT-IR-
spectra of the bioplastic samples were surveyed between 4,000 to 5,000 per centimetre in the
transmittance mode.

2.4.2 Thermal properties analysis

In this study, TGA and differential scanning calorimeter (DSC) were used to analyse the
thermal properties. TGA with the model of TGA/DSC1 that was manufactured from Mettler Toledo
and has a maximum operating temperature of 1600 °C was utilised for thermal properties analyses.
The purpose of TGA was to measure the change in mass of the bioplastic when the temperature and
time vary under a controlled atmosphere. This analyser should be assisted by the Pyris software. The
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TGA thermographs were recorded under a few conditions, including a temperature range of 30 °C to
500 °C, a heating rate of 5 °C per minute, and a nitrogen atmosphere that had a flow rate of 50 mL per
minute.

2.4.3 Biodegradation analysis

In this section, biodegradation analyses included four aspects: water absorption, as well as
degradation in soil, photodegradation, and dissolution in acetone, ethanol, and oil, were carried out to
analyse the properties of the bioplastic. All these analyses could reflect the biodegradability properties
of bioplastic and then determine the possible application and function of the produced bioplastic. For
each biodegradation analysis, all the samples were cut into 1.5 cm x1.5 cm. Meanwhile, for each of
the biodegradation analyses, the relative change percentage (RC) for the weight of bioplastics was
measured using the following equation (1) that was taken from [22]:

X2 —X%

RC = x100 (1)

X1
where x; and x, indicate the initial and final weights of the bioplastic, respectively after the designated
biodegradation analysis.

2.4.3.1 Water absorption analysis

In this study, the water absorption test was done on the bioplastic samples according to the
American Society for Testing and Materials D570-98 [23]. Some modifications were made in which
the immersion method in distilled water at room temperature for 270 minutes. The samples were
weighed, and the initial weights were recorded. Next, the samples were placed in the beakers that were
filled with water. The samples were taken out of the water every 30 minutes. After the samples were
dry, the final weights of the samples were measured. The water absorption test was repeated for 4
hours and all weight data were collected. The RC of the samples indicating the amount of water
absorbed by the bioplastics were calculated using (1).

2.4.3.2 Soil degradation analysis

The samples were weighed, and the initial weights were recorded. The samples were buried in
the mineral soil taken from Curtin University Malaysia, Miri, Sarawak, Malaysia in the beakers. The
samples were taken out from the soil after 1 day. The samples were cleaned, and then their final
weights were collected and recorded. The same procedures were repeated for 7 days and all weights
were rewritten down. Later, the RC of the samples that showed the soil degradation rates of the
bioplastics were determined using (1).

2.4.3.3 Photodegradation analysis

The samples were weighed, and the initial weights were recorded. Next, the samples were
placed under sunlight in Miri, Sarawak, Malaysia with the temperature of 26 °C to 32 °C [24] for 7
hours per day. During the photodegradation analysis, there was no rainy day. The samples were
collected and weighed every day. Any dirt on the surface of the samples was removed, and then the
final weights were recorded. The same steps were repeated for 7 days, and the weight data were
recorded. Then, the RC of the samples which denoted the photodegradation rates of the bioplastics
were obtained using (1).
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2.4.3.4 Dissolution in acetone analysis

The samples were weighed, and the initial weights were recorded. Then, the samples were
placed in the beakers filled with acetone, and the samples were completely immersed in the acetone.
The beakers were covered with the preservative parafilm. The samples were taken out of the acetone
every 30 minutes. The samples were dried, and then the final weights were recorded. The same
procedures were repeated for 4 hours, and the weights data were collected. After that, the RC of the
bioplastics which displayed the dissolution rate of bioplastic in acetone were calculated via (1).

2.4.3.5 Dissolution in ethanol analysis

The samples were weighed, and the initial weights were recorded. Then, the samples were
placed in the beakers filled with ethanol, and the samples were completely immersed in the ethanol.
The beakers were covered with parafilm to avoid the evaporation of ethanol. The samples were taken
out from the ethanol every 30 minutes. The samples were then cleaned, and then the final weights
were recorded. The same steps were repeated for 4 hours and the weights data were collected. Next,
the RC of the samples which illustrated the degradation rates of the bioplastics in ethanol was
calculated using (1).

2.4.3.6 Dissolution in oil analysis

The samples were weighed, and the initial weights were recorded. Then, the samples were
placed in the beakers filled with Red Eagle cooking oil from Yee Lee Corporation Group. The oil is a
refined, bleached, and deodorised palm olein with high-quality groundnut oil and sesame oil for better
aroma and flavour. Then, the samples were completely immersed in the oil. The beakers were covered
with the preservative parafilm, and then the samples were taken out from the oil every 30 minutes.
After that, the remaining oil on the surface area of the samples was removed and the final weights
were recorded. The same steps were repeated for 4 hours and all weight data were collected. Later, the
RC of the bioplastics that indicated the degradation rates of the bioplastics in oil were determined
using (1).

3. Results and Discussion
3.1 Fourier transformation infrared spectroscopy (FT-IR) analysis

Due to the same raw materials used to produce the sets of bioplastics, thus, all the bioplastic
samples showed the same FT-IR spectra. According to [25], starch including corn starch is
semicrystalline material that is the granules consist of rotating crystalline and amorphous regions.
These regions are mainly formed by the amylose and amylopectin polymers in which the outer
branches are hydrogen-bonded to each other to make crystallites that unravel during gelatinization.
Hence, the carboxyl hydroxyl functional groups of amylopectin as well as a glycosidic bond should
have O-H, C-O and C=0 bonds [26]. Figure 1 shows the FT-IR spectra of the produced bioplastic
samples. As shown in Figure 1, the broad bands at 3,279.94 cm™, 2,932.76 cm™, 1,647.48 cm™, and
1,028.06 cm™, are the O-H stretching, C-H stretching, C=0 stretching and C-O bonding, respectively
[27]. For other native starch-based bioplastics including potato and yam starch-based bioplastics [28],
the wavenumbers of FT-IR results for the C=0O functional group are 1,644.99 and 1,646.77 cm’,
respectively. These values are close to the wavenumber for the C=O functional group of the produced
bioplastics which is 1,647.48 cm™ as shown in Figure 1.
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Figure 1. FT-IR spectra for corn starch bioplastic

Starch spectra revealed the C=0 groups from phosphate groups and even native, unmodified
starches exhibited bands in the 1,645 to 1,648 cm™ range. Moreover, carboxylic groups could occur
due to Acetic acid presence from vinegar. Besides, cornstarch-based thermoplastic done by [28] also
demonstrated similar wavenumbers as the produced bioplastics in this study. They were 3,277 cm™ for
O-H stretching, 2,914 cm™ for C-H stretching, 1,648 cm™ for C=0 stretching, and 1,148 cm™ for C-O
bonding. In the presence of these four major functional groups, the produced corn starch-based
bioplastics are categorized as polyester [29]. These results have illustrated that the produced samples
are polymers that consist of functional groups. Moreover, the results of the FT-IR for the produced

bioplastics in this study are also in line with results for starch-based bioplastics from other researchers
mentioned in [30].

3.2 Thermal properties analysis

All the samples had undergone thermal properties analysis using TGA, and they have shown a
similar trend in the TGA curve, as shown in Figure 2. Based on Figure 2, bioplastic samples showed
two categories of decomposition. The first stage was from 34 °C to 272 °C, where the water content in
the bioplastic gradually evaporated as the boiling point of water is 100 °C. Besides, the small amount
of vinegar also evaporated in this stage since vinegar, which has a boiling point of 118.1 °C is more

volatile than glycerol. As a result, the bioplastic lost approximately 40 % of its weight, from ~5 mg to
~3 mg.
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Figure 2. TGA curve for bioplastic

The second stage occurred between 272 °C and 504 °C, and a significant drop of bioplastic’s
weight, from 3 mg to 1 mg was noticed. This result indicated the evaporation of glycerol that has a
boiling point of 290 °C. Eventually, the bioplastic was slowly shrunken and completely decomposed at
504 °C. Moreover, [27] also conducted a TGA analysis for starch-based bioplastic and composite
bioplastic. The results obtained by Amin et al. showed that 50% of the weight loss of starch-based
bioplastic and composite bioplastics were at 291 °C and 303 °C [27]. The concentration of amylose in
starch will affect the decomposition temperature. The relationship between decomposition temperature
and amylose content is inversely proportional [31] Hence, the higher amylose content in starch will
provide a more stable decomposition temperature. According to researchers such as [31] and [32], corn
starch has a higher content of amylose compared to cassava, sweet potato, yam, potato, and other
starches. Therefore, corn starch was chosen for this study due to its stable thermal properties.

3.3 Water absorption analysis

The water absorption of bioplastics was tested, and the results obtained were tabulated in Table
1. From Table 1, it can be seen that Set A had the lowest average water absorption of 4.27 % while Set
D had the highest average of 22.8 % water absorption. Figure 3 shows the weights of all the bioplastic
samples in water versus time. In Figure 3, it was found that all sets had low water absorption since
their weights were almost constant, and Set A had the lowest water absorption. However, Sets C and B
had a slightly increased water absorption rate at 210 and 240 minutes, respectively. It can be said that
Sets B and D which had a high content of glycerol absorbed more water than Sets A and C. These
results are due to glycerol that has a characteristic of hygroscopic which can increase the moisture
content of bioplastic [33]. Therefore, the water absorption ability is correlated to glycerol
concentration. Set D, which contained more glycerol as compared to Set A, showed better water
absorption ability.
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Figure 3. Graph of average bioplastic weight in the water versus time for Sets A, B, C and D

Table 1. Calculation of average and standard deviations water absorption for Sets A, B, C and D

Sets Average CR (%) Standard deviations
Set A 4.27 2.57
Set B 11.16 4.03
Set C 6.79 1.23
Set D 22.80 6.06

3.4 Soil degradation analysis

The produced bioplastics are expected to degrade in soil due to their main raw materials,
glycerol, and corn starch. Glycerol is a kind of plasticizer that is sustainable and biodegradable [34].
Meanwhile, a study had proved that corn starch could be biodegraded in soil with the presence of
microorganisms in the natural environment [35]. In this study, soil degradation analysis for bioplastic
was done for all the samples by burying them in the soil, and the results are summarised in Table 2.
Table 2 shows that the percentages of average soil degradation for four sets from 12.9 % to 9.25 %.
These results indicated that all the sets were degradable in the soils since there was a reduction of
weights. The bioplastics were degraded by microbes in the soil due to their natural materials. These
results indicated that the cornstarch-based plastic blended with glycerol could degrade in the soil, and
they had environmentally friendly characteristics.

However, Figure 4 that displays the average weights of bioplastic versus time shows that the
biodegradable rates of the bioplastic samples were low. In Figure 4, Sets B and D had a similar and
better biodegradable rate than Sets A and C. According to [36], the cassava starch plastic blending
with the least amount of glycerol requires a longer time, which is 9 days to degrade in soil completely.
Thus, these results could be due to the lower content of glycerol in Sets A and C. The higher
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concentration of glycerol that is hydrophilic will attract more water which helps to increase the
microbial growth and rapid the degradation process [36].

Table 2. Calculation of average and deviations soil degradation for Sets A, B, C and D

Sets Average CR (%) Standard deviations
Set A 12.9470 0.37
Set B 10.1516 0.55
Set C 9.2513 0.38
Set D 9.4518 0.13

et
[N
(VX N

lastic weight (

iop

0 1 2 3 4 5 6 7
Time (days)
e [\ =B = %KD

Figure 4. Graph of average bioplastic weight in the soils versus time for Sets A, B, C and D
3.5 Photodegradation analysis

Photodegradation is a chemical reaction when the ultraviolet light provided by the sunlight is
absorbed by the bioplastic and breakdown down the polymer chain. The obtained results for
photodegradation is tabulated in Table 3. All the samples showed a reduction in the average weight of
bioplastic. Sets A and C showed almost similar photodegradation percentages, which was around 6.5
%. Meanwhile, Sets B and D showed a low reduction percentage in weight. The higher
photodegradation rate was Set A, which was around 0.9 % per day. Set D had the lowest
photodegradation rate, which was only 0.5 % per day. In other words, bioplastic will require 105 to
200 days to degrade via sunlight fully. The weather was a huge influence factor in this analysis.
Throughout these 7 days, not every day was a sunny day. Instead, some days were cloudy, and it
showed a low reduction in weight. For instance, based on Figure 5, day 7 showed the least reduction
of weight for all the samples. According to [37], the presence of water will accelerate the degradation
of the bioplastic. This is because water will wash off the degraded surface and provide a new surface
of bioplastic to carry out photodegradation further [37]. Thus, rainy days will increase the
photodegradation rate.
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Table 3. Calculation of average and standard deviations photodegradation for Sets A, B, C and D

Sets Average CR (%) Standard deviations

Set A 6.6737 1.89

Set B 4.3433 1.75

Set C 6.5226 0.43

Set D 3.5735 0.15

0 1 2 5 6 7

3 4
Time (days)
s p =] efpm(C %D

Figure 5. Graph of average bioplastic weight after photo degradation versus time for Sets A, B, C and
D

3.6 Dissolution in acetone analysis

Bioplastic samples were immersed in acetone to observe the reaction between acetone which
consists of the organic compound, carbonyl group with the bioplastics. All the results obtained were
tabulated in Table 4. In Table 4, it is shown that there was little weight change in bioplastic in every
set of samples. The average dissolve rate in acetone for all four sets of samples was in the range of 0.6
% to 1 %. These per cent values were relatively small, which can be ignored. However, even though
the weight loss of bioplastic was not obvious in this analysis, the properties of bioplastic changed.

During the experiment, the bioplastic became a bit more brittle. Different conditions such as
temperature, acetone concentration, external disturbance, etc. will affect the reaction of acetone with
glycerol in the bioplastic and acetone can change the character of bioplastic [38]. Acetone is
commonly used for sterilisation in ophthalmic surgery or any medical equipment. Hence, these results
showed that the produced bioplastics are not recommended to be used in medical industries which use

e-ISSN: 2289-7771 r--'J‘“\Q:G}:"E _

829



Journal of Applied Science & Process Engineering
Vol. 8, No. 2, 2021

acetone as a sterilization reagent too as it will dissolve when contact or immersed in an acetone
solution. Besides, they are hard to be recycled using acetone as a solvent because their weight
reduction in acetone is too small. It may require a longer time or a higher concentration of acetone to
completely dissolve the bioplastic, which is not eco-friendly and economical.

Table 4. Calculation of average and standard deviations dissolve rate in acetone for Sets A, B, C and D

Sets Average CR (%) Standard deviations
Set A 1.0566 0.15
Set B 0.7806 0.13
Set C 0.6461 0.14
Set D 0.6056 0.08

3.7 Dissolution in ethanol analysis

Apart from that, bioplastic was immersed in ethanol as well to investigate the relationship
between bioplastic and ethanol, which is organic compound alcohol with a functional group of the
hydroxyl group. Table 5 shows the initial and final weights of all the samples precipitate in ethanol.
Figure 6 shows the average bioplastic weight loss when reacting with ethanol in the duration of 20 to
270 minutes. As illustrated in Table 5 and Figure 6, Set A showed the highest precipitation rate in
ethanol among the sets since it could reduce around 2.5 wt% in an hour. Besides, Sets C and D showed
low precipitation rates which were 4.8 % and 4 %, respectively. Compared to acetone, bioplastic
precipitated much more in the presence of ethanol. Thus, it means that it is easier for bioplastics to be
recycled using ethanol than acetone. For its application, these bioplastics are recommended to be used
as fertilizer coating since they can be degraded by ethanol from bacteria in the soils that undergo
anaerobic reactions.

Average bioplastic weight (g
=
(=]
L
)

=
3
L
»

20 70 120 170 220 270
Time (min)
—— —=1 e D

Figure 6. Graph of average bioplastic weight in ethanol versus time for Sets A, B, C and D
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Table 5. Calculation of average and standard deviations precipitation rate in ethanol for Sets A, B, C

and D
Sets Average CR (%) Standard deviations
Set A 10.0831 1.90
Set B 6.6749 0.47
Set C 4.8011 1.10
SetD 4.0247 0.63

3.8 Dissolution in cooking oil analysis

The results of the dissolution test of bioplastic in cooking oil are tabulated in Table 6. Based on
Table 6, all the samples showed a very low dissolution rate in cooking oil, which was around 0.2% to
0.3% except set D. Set D experienced the least dissolution in cooking oil. Oil-soluble bioplastic is not
suggested to be used in the food and beverage packaging industries for oily food such as oil bottles or
fried food packaging. The reduction of bioplastic weight in cooking oil is suspected to be due to the
release of plastic particles, which are harmful to human health. Apart from that, oil is not suitable to be
the medium for dissolving bioplastic for recycling purposes.

Table 6. Calculation of average and standard deviations dissolve rate in oil for Sets A, B, C and D

Sets Average CR (%) Standard deviations
Set A 0.3682 0.25
Set B 0.2164 0.12
Set C 0.2964 0.16
SetD 0.0918 0.05

4. Conclusion and future research directions

In this study, bioplastics were produced from corn starch via gelatinization using different ratios
of corn starch to glycerol, and its application is recommended based on its characteristics. It can be
concluded that cornstarch-based plastic with a ratio of corn starch to glycerol (1:0.5), which is Set A
acts more like plastic as compared to other sets since Set A absorbs less water. Besides, this
characteristic makes Set A suitable to be fertilizer coating since it can prevent the fertiliser from
contact with water from rain and in the soil before cracking. After it has interacted with the ethanol
generated from the soil’s bacteria under anaerobic reaction, fertiliser can be released for fertilisation
purposes.

On the other hand, it also has a high tolerance temperature, biodegradable in soil,
photodegradable, and able to dissolve in ethanol but it does not dissolve in the cooking oils. Thus, if
the bioplastic is required to be recycled in the future, it can be dissolved in ethanol and further process
to produce other products. Further study is required to investigate how many times it can be recycled.
Moreover, further research can be carried out to study the mechanical strength of the bioplastic to
improvise the bioplastic by increasing the tensile strength and elongation break for more applications
in a different area in future. In addition, more time can be used to study soil degradation. Lastly,
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different types of plasticizers can be added with corn starch to study changes in properties. Different
plasticizers might affect the mechanical or thermal properties which bring different behaviours of
bioplastic. Moreover, obtaining homogenous smooth films with a similar thickness to the bioplastic,
the investigation on photodegradation supported by FT-IR or Gel permeation chromatography, and
testing mechanical strength of plastic can be further studied.
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