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Abstract The increasing demand for eco-friendly products has led to the development of bioplastics as a
substitute for conventional petroleum-based plastics. This study aimed to assess the properties of cornstarch-based
bioplastics reinforced with three species of bamboo shoots: Bambusa vulgaris, Bambusa vulgaris var. striata, and
Bambusa blumeana. The properties investigated included tensile strength, water solubility, biodegradability, water
absorption, and moisture content. A comparison was also made between the reinforced bioplastics and pure
cornstarch bioplastic. The results revealed that the inclusion of shredded bamboo shoots significantly influenced the
characteristics of the cornstarch-based bioplastic. Among the tested bioplastics, the one reinforced with B. vulgaris
exhibited the highest tensile strength (ranging from 2703.37 Pa to 3341.2 Pa), while the unreinforced bioplastic had
the lowest strength. Water solubility was lowest in the bioplastic reinforced with B. vulgaris (45.52%), and highest
in the one reinforced with B. vulgaris var. striata (59.58%). The unreinforced bioplastic had the highest
biodegradability (63.89%), while the reinforced bioplastic with B. vulgaris had the lowest (36.62%). Furthermore,
the bioplastic reinforced with B. blumeana exhibited the highest water absorption (157.36%), and the moisture
content was 15.56% for B. blumeana and 9.39% for B. vulgaris var. striata. Statistical analysis revealed no
significant differences in water solubility, tensile strength, and moisture content between the various bioplastics.
However, significant differences were observed in biodegradability and water absorption. Overall, the cornstarch-
based bioplastic reinforced with B. vulgaris var. striata demonstrated the most desirable properties, including good
tensile strength, high water solubility, good biodegradability, average water absorption, and low moisture content.
This study highlights the potential of bioplastics as an environmentally friendly solution, while emphasizing the need
for further investigation and improvement in their utilization and ecological qualities.
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to the rapid increase in their creation and use and their
increasing utility and significance [2].

1. Introduction

Plastics are essential to both homes and commercial
products in today's generation. Plastic is widely employed
in many applications, including handbags, drink containers,
toys, food packaging, components and containers, furniture,
dress materials, and many more. The most extensive
environmental pollution is produced by plastic waste as it
is a synthetic material that is made using petroleum-based
materials that are difficult to decompose in soil [1]. Due to
the advantages such as durability, high tensile strength,
and relatively low price of synthetic plastic, plastics are in
high demand and remain widely used in food packaging. It
is challenging to envision modern life without plastics due

Consumption of plastic has quadrupled during the past
three decades due to the expansion of emerging markets.
From 2000 to 2019, global plastics output increased to
460 million tons. 3.4% of the world's greenhouse gas
emissions are caused by plastics [3]. Numerous issues
arise as a result of the use of plastic, most notably
pollution. Therefore, this research was done to develop an
alternative to plastic to minimize the load on our existing
waste systems and the environment. This research was
conducted to develop environmentally biodegradable plastics
and use bamboo shoots that are typically discarded.

Plastics are causing an increasing number of
environmental problems, so people are now more
interested in making and spreading bioplastics. Plastics are
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scattered everywhere; it takes years to degrade, so this
study would help to resolve this issue. Traditional plastics
can take hundreds of years to break down, but
biodegradable plastics only take three to six months [4].
This study will help to lessen the waste and create a safe
environment. Bamboo shoots can be found anywhere; it is
free and often neglected, so the researchers decided to use
them.

Plastic has now begun to be developed from natural
materials called bioplastics. Bioplastics do emit much less
greenhouse gasses than conventional plastics [5].
Bioplastics are developed as an alternative to synthetic
plastic as they are considered more environmentally
friendly. Bioplastics are derived from renewable resources,
and certain bioplastics are biodegradable. Bioplastic has
the potential to have a substantially lesser carbon footprint,
lower production energy costs, utilize less expensive crude
oil, reduce litter, enhance compostability, and become
more acceptable to many households [6].

The Philippines is the third-largest contributor to global
plastic waste, contributing an estimated 0.75 million metric
tons of ocean plastic annually [7]. No manufacturers of
biodegradable thermoplastic polymers are present in the
Philippines, as far as they know [8]. Polylactic acid (PLA)
is a synthetic biodegradable polymer. However, just one
local supplier exists. Due to this, this study is keen to
develop a bioplastic that could be beneficial to humans
and environmentally friendly.

Bamboo shoots are the young, edible bamboo culms
that emerge from the ground in various bamboo species.
In the Philippines, bamboo shoots are used in cuisine as a
vegetable. The bamboo shoot was the primary organ
where starch was stored [9]. Researchers have created
several bioplastics that are based on starch. Food grains
like corn, potato, rice, cassava, and others were used to
make the vast majority of these products. In this study, we
will explore the feasibility of creating bioplastic from
cornstarch and reinforced with bamboo shoots.

Starch is used as a base for making a lot of eco-friendly
materials. Polysaccharides make up 75% of all the organic
material on Earth. Starch is an essential polysaccharide.
Plants make starch and store it in their bodies as a source
of energy. Starch can be found in plant seeds, tubers, or
roots [10].

Moreover, starch has beneficial thermoplastic qualities
and is biodegradable. According to the Ecosystems and
Research and Development Bureau in Bukidnon,
Bambusa blumeana (Kawayang Tinik), Bambusa vulgaris
var. striata (Yellow bamboo), and Bambusa vulgaris
(Kauayan killing) are widespread around Bukidnon. These
three bamboo species often have bamboo shoots, even
though it is not the season for them. B. blumeana is a
tropical, grouping bamboo species native to Indonesia and
is now widespread throughout Southeast Asia, the
Philippines, and southern China. The Painted Bamboo, or
B. vulgaris var. strata, is a medium-sized clumping
bamboo native to China and the Indochina region.
Previously, this species was known as B. striata. In the
tropics, it is one of the most popular ornamental bamboo
to grow [11]. B. vulgaris is a clump-forming, evergreen,
erect bamboo that can reach heights of 15-20 meters [12].
The B. vulgaris var. striata, B. vulgaris, and B. blumeana
bamboo shoots used in this study all have a little bitter,

rough flavor, which is why they are used to have their
significance even though people rarely consume these [13].

Furthermore, this research aimed to determine the
characteristics of cornstarch-based bioplastics reinforced
with three different species of bamboo shoots. This study
sought to determine whether this would help resolve the
rising plastic pollution problem. This study investigated
whether cornstarch-based bioplastics reinforced with
bamboo shoots are a suitable alternative to plastic. The
researchers were conducting this study because traditional
plastic is non-biodegradable. It harms the environment,
and they want to produce a readily available alternative
bioplastic. This study aimed to analyze the characteristics
of bioplastic as an alternative to traditional plastic.

2. Methodology Research Design

This study employed a research and development
research design as it seeks to develop a new product that
can benefit the environment. The research and development
method is a method used to produce a certain product and
test its effectiveness of the product. Experimental development
is the systematic application of knowledge gained through
research and practical experience to produce new products
or processes or improve existing products or processes
[14]. This study utilized a quantitative research design
since it collects data from the physical properties’
characterization. This study is an empirical study of the
characterization of cornstarch-based bioplastics reinforced
with three different species of bamboo shoots. The
researchers were doing manual testing on the bioplastic's
quality, adopting the method of other researchers.

Experimental research was undertaken scientifically
since it is the most systematic study design available. It
involved testing a theory or attempting to demonstrate it
through experiments. In addition, this study attempts to
demonstrate how experiments are created and assessed
from a researcher's standpoint. This study looked into the
characteristics of bioplastic derived from cornstarch and
reinforced with bamboo shoots.

2.1. Preparation and Collection of Data

Bamboo shoots of the three different species were
collected in the nearby bamboo clumps on the houses of
the study participants located at Alanib, Lantapan,
Bukidnon, and Managok, Malaybalay City, Bukidnon.
The glycerol was used as a plasticizer, and the bamboo
shoots were then specified by the Ecosystems Research
and Development Bureau in Malaybalay City, Bukidnon.
Moreover, each bioplastic was tested three times in each
test to ensure reliability of the results.

2.2. Preparation of Bamboo Shoots

The bamboo shoots were washed and cleaned to extract
the starch. Bamboo shoots will be ground with purified
water in an industrial blender. The mixture was filtered,
and the solid residue was placed into a separate container.
The procedure is repeated until additional starchy water is
obtained. The mixture was given 5 minutes to settle in a
container to confirm that starchy water from the bamboo
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shoots was collected. After that, the mixture was mixed to
finally obtain starchy water from each bamboo shoots
specie [15]. The shredded bamboo shoots were sun-dried
until it is completely dry.

2.3. Mixing Procedure and Control Mixed
Design

Following the method, four tablespoons of water were
added to a pan, followed by one tablespoon of cornstarch,
which was then stirred until the cornstarch was completely
dissolved. Following that, one teaspoon of vinegar and
one teaspoon of glycerol was added and thoroughly
combined. After thoroughly incorporating all ingredients,
the heat was turned on to medium-low, and the mixture
was agitated until a toothpaste-like consistency was
achieved [16]. The heat was then removed, and adds fiber
and in this study, 2.5 grams of dried shredded bamboo
shoots were added [17].

2.4. Casting Method

Bioplastics were produced through the casting process.

The cooked mixture was spread into an aluminum foil tray.

The cooked mixture was kept in the mold for at least 2
hours to allow it to completely dry at room temperature.
To finish the bioplastic's healing process, it was treated
once more in a hot air oven for at least 24 hours at 85°C
[18]. The bioplastic was then be allowed to cool and fully
solidify before being removed from the aluminum foil tray
mold.

2.5. Test Analysis

This research involved five (5) different types of
testing, including tensile strength, water solubility,
biodegradability, water absorption, and moisture content.
(@) Tensile Test

A participant flattens and molds bioplastic samples
created from the three types of bamboo shoots into
dumbbell shapes. There were two tables used, and they
were placed four to five inches apart. The ends of the
bioplastic material in the form of a dumbbell were
punctured with holes. Each dumbbell-shaped bioplastic
sample has markings on its neck on the opposite ends.
This will enable the researchers to gauge the bioplastic
sample's maximum stretch as force is applied. A
participant measures and records each dumbbell-shaped
bioplastic's width and height from its neck region. The
metal rod was taped to the table along with a ruler,
allowing the bioplastic samples to hang freely between the
spaces between the tables. The force meter was then
attached to the opposite end of the bioplastic samples. A
tripod with a camera was then put up 3 feet away from the
table, capturing the top of the dumbbell-shaped bioplastic
and the bottom section of the force meter. As the
recording begins, a participant pulls down the force meter
until the dumbbell-shaped bioplastic breaks. This method
allows the researchers to determine the time, stretch
distance, and force needed to break the dumbbell-shaped
bioplastic [19]. The overall tensile strength of the samples
was then calculated using the formula, ultimate force
divided by cross-sectional area. To get the cross-sectional

area, the researchers multiplied the dumbbell-shaped
bioplastics' thickness, width, and height.
(b) Water Solubility Test

Before being placed in a beaker of 50 ml distilled water
at room temperature for 24 hours, bioplastic samples were
dried at room temperature for 2 hours and then in an oven
at 85°C for 24 hours to allow measuring their dry weight
(W1). The bioplastic residue was recovered after 24 hours
by filtering the water, dried once more for 2 hours at room
temperature, and then for 24 hours in an oven set to 85°C.
The residue was then weighed to determine the final
weight (W2). The following formula was used to
determine the solubility [20]:

(wg—w)

Solubility in Water (%) = W
1

X100 6))

(c) Biodegradability test

For the Biodegradability test, bioplastic samples were
weighed to measure the initial weight (W1). The samples
were buried under 2 cm of moist garden soil in a plastic
container and stored at room temperature for five days.
The soil was maintained moist for five days, following
which the bioplastic residue was collected, washed with
water, dried at room temperature for 2 hours, and in an
oven at 85°C for 24 hours, and then weighed again to
determine the final weight (W2). The biodegradability was
calculated using the following formula [21]:

Biodegradability (%) :meo ©
1

(d) Absorption of Water Test

The bioplastics' water absorption was determined using
a slightly modified version of ASTM D570-98. Before
being placed in a beaker with 50 ml of distilled water at
room temperature for 24 hours, bioplastic samples were
dried for 2 hours at room temperature and then for 24
hours in an oven set to 85 °C to measure their dry weight
(W1). The bioplastic was retrieved after 24 hours by
filtering the water, and its weight was then calculated to
determine its ultimate weight (W2). The following
formula was used to calculate water absorption [22]:

Water Absorption (%) = (W%WZ) X100 (3)
1

(e) Moisture Content Test

A sample of bioplastic was weighed to determine its
initial weight (W1). The samples were dried at room
temperature for 2 hours and in an oven at 85C for 24 hours.
Once more, the samples were weighed to get the final
weight (W2). The formula shown below was subsequently
used to calculate the moisture content [20]:

W1—W2)

Moisture Content (%) = ( W X0 (4)
1

2.6. Statistical Treatment of Data

The results from each experimental group were
analyzed, and all results were shown as the mean and
standard deviation for each bioplastic made from bamboo
shoots of different species and with different
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characteristics. The one-way analysis of variance
(ANOVA) was used to evaluate all data. Furthermore, the
p-value was compared to the standardized value, which is
equal to a significance level of 0.05, to establish whether
the result would reject the null hypothesis.

3. Results and Discussion

(@) Tensile Strength

Table 1. Summary of the Characterization of Cornstarch-based
Bioplastics with and without Reinforcement in terms of Tensile
Strength Data

Mean (Pa) and

Groups N Standard Deviation

Cornstarch-based bioplastic reinforced
with B. blumeana

Cornstarch-based bioplastic reinforced
with B. vulgaris

Cornstarch-based bioplastic reinforced
with B. vulgaris var. striata
Cornstarch-based bioplastic 3

3 2736.66 + 150.09
3 3341.20 + 244.55

3 2978.01 + 516.54
2703.37 + 434.54

Table 1 presents the characterization of the corn
starch-based bioplastic reinforced with three different
species of bamboo shoots in terms of tensile strength. Based
on the data displayed above, cornstarch-based bioplastic
reinforced with B. vulgaris has the strongest tensile
strength or can withstand a larger amount of pulling force.
In contrast, cornstarch-based bioplastic without any
reinforcement has the lowest tensile strength. The tensile
strength varied between 2703.37 Pa and 3341.2 Pa.

In this study, the bioplastic has a strength between 2 to
2.5 N. In getting the tensile strength, we get the plastic's
cross-sectional area; after that, we solve for the tensile
strength force load divided by the cross-sectional area.
Based on the results, it is concluded that the bioplastic
reinforced with bamboo shoots has a better tensile than
those that are not reinforced. As described, reinforcing
agents are added to bioplastics to improve their mechanical
characteristics and broaden their potential applications
[23]. The final mechanical properties of bioplastics were
significantly influenced by choice of reinforcement, aspect
ratio, filler loading, and surface treatment used.

The bioplastic with a potato starch foundation was
calculated to have the maximum strength, at 3.37 N/mm,
0.98 N/mm stronger than cornstarch, and 2.18 N/mm
stronger than wheat starch, this is according to a study
published in the journal [24]. To completely tear down a
banana peel bioplastic containing acacia seed extract takes
an average of 2.2867 N, but a banana plastic without
extract requires an average of 1.6333 N [25].

(b) Water Solubility

Table 2. Summary of the Characterization of Cornstarch-based
Bioplastics with and without Reinforcement in terms of Water
Solubility Data

Table 2 illustrates the characterization of the corn
starch-based bioplastic reinforced with three different
species of bamboo shoots in terms of water solubility.
According to the data, cornstarch-based bioplastic
reinforced with B. vulgaris has the lowest water solubility.
In contrast, cornstarch-based bioplastic reinforced with B.
vulgaris var. striata has the highest. The water solubility
varied between 45.52 and 59.58 %. Compared to other
studies, the water solubility of starch-based bioplastics
from jackfruit seed plasticized with glycerol ranged from
16.42 to 23.26 percent, whereas the water solubility of
cornstarch-based  bioplastics ~ with  and  without
reinforcement with three different species of bamboo
shoots was higher [26].

The reinforcement of B. vulgaris in bioplastic reduces
water solubility due to the presence of insoluble bamboo
shoot fibers, which contain nonfermentable cellulose and
fermentable hemicelluloses [27]. It is possible that B.
vulgaris shoots are among the bamboo shoots that exhibit
insolubility, whereas the other two species of bamboo
shoots exhibit higher solubility related to their solubility
characteristics.

A study concluded that biodegradable plastic film is
highly soluble in water and produces no harmful byproducts
when dissolved in water [28]. And this supports the
study's conclusion that it has a high-water solubility, as it
is not harmful to the environment. Furthermore, it is stated
that despite the fact that bioplastics are derived from
organic carbohydrates, they do not degrade in water like
other organic materials [29]. The event has a relatively
straightforward explanation: Bioplastics are fermented and
combined with chemicals to form polymers and
monomers. Therefore, bioplastic's water solubility is not
100 percent, as it requires a great deal of consistent heat
for weeks and months to begin degrading effectively.

(c) Biodegradability

Table 3. Summary of the Characterization of Cornstarch-based
Bioplastics with and without Reinforcement in terms of
Biodegradability Data

Mean (%) and

Groups _ _ N Standard Deviation
\(fvz)t?%té[)clz;;):;ﬁibfoplastfc refnforced 3 39.76 + 6.91
\S:v?trhnthfi\r/cur:;;zi’?sd bfoplastfc refnforced 3 36.62 + 1.59
Com SN IO g a7 s
Cornstarch-based bioplastic 3 63.89 + 4.82

0,
Groups N Mean (%) and Standard

_ _ Deviation
\?V%Lnlsaté[)clzﬁgzﬁgbfoplastfc refnforced 3 54.20 + 15.55
\?Vﬁ?ga\rﬂgl;aﬁ:d bfoplastfc refnforced 3 45.52 + 10.87
with 3. vilgarisvr aria 3 5953%038
Cornstarch-based bioplastic 3 55.86 + 10.02

Table 3 depicts the characterization of the cornstarch-
based bioplastic reinforced with three different species of
bamboo shoots in terms of biodegradability. This table
indicates that the cornstarch-based bioplastic without
reinforcement has the highest percentage (63.89%), while
the one reinforced with B. vulgaris has the lowest
percentage (36.62%) in biodegradability. These results
conclude that bioplastic with reinforcement has low
biodegradability compared to bioplastic  without
reinforcement. According to the study, the weight loss and
degradation rate of starch-based plastic films were
observed to be accelerated (within a week) when subjected
to buried in soil, and degradation of nearly 95% was
observed and it was revealed that the rate of degradation
increased as the starch dosage was increased. In this study,



American Journal of Environmental Protection 29

the biodegradability of the 2cm by 2 cm film in 5 days
ranged from 36.62 to 63.89% [30].

As per the findings of some researchers, the bamboo
fiber film underwent complete degradation in soil within
70 days [31]. Furthermore, the bioplastic reinforced
with three distinct species demonstrates reduced
biodegradability compared to the unreinforced bioplastic,
as the degradation of bamboo shoot fiber is a
time-consuming process.

They concluded that plastics derived from starch, a natural
source, would undergo complete degradation within 60
days [32]. In contrast, plastics containing biodegradable
additives would necessitate a longer duration for degradation.
That is why in this research, bioplastic has a high
biodegradability rate. It is indicated that the biodegradability
of starch-based bioplastic with reinforcement varies
depending on the soil use since some soil enhanced
biodegradability along the lower portion because that area
is more easily attacked by microorganisms [33].

(d) Absorption of Water

Table 4. Summary of the Characterization of Cornstarch-based
Bioplastics with and without Reinforcement in terms of Water
Absorption Data

Mean (%) and

Groups N Standard Deviation

Cornstarch-based bioplastic reinforced
with B. blumeana

Cornstarch-based bioplastic reinforced
with B. vulgaris

Cornstarch-based bioplastic reinforced
with B. vulgaris var. striata
Cornstarch-based bioplastic 3

3 157.36 + 4.53
3 119.02 £ 5.79

3 142.99 £ 17.07
86.66 + 2.24

As shown in the table, the bioplastic reinforced with
B. blumeana had the highest average water absorption
(157.36%). The bioplastic absorbed the least amount of
water (86.66% on average) without any reinforcement.
Overall, the data indicate that some species of bamboo can
increase the water absorption of cornstarch-based
bioplastics, with the effect varying depending on the
species employed. Furthermore, because the dried,
shredded bamboo shoots absorb water, the reinforced
bioplastic has a high-water absorption rate. It is found that
the water absorption capacity of several types of
bioplastics varied from 40% to 320%, which is similar to
this study. The current study yielded a range of water
absorption values from 86.66 to 157.36% [34].

Moreover, most starch-based bioplastics have poor
water-related properties, such as high-water absorption and
moisture content [35]. No wonder the corn starch-based
bioplastic with and without reinforcement from three
different species of bamboo shoots has high water absorption.
(e) Moisture Content

Table 5. Summary of the Characterization of Corn Starch-based
Bioplastics with and without Reinforcement in terms of Moisture
Content Data

Table 5 shows the moisture content of different types of
cornstarch-based bioplastics. The moisture content of each
type of bioplastic has been measured three times. It can be
observed that the average moisture content of the
cornstarch-based bioplastic reinforced with B. blumeana is
15.56%. The cornstarch-based bioplastic reinforced with
B. wvulgaris has an average moisture content of
12.99%. The cornstarch-based bioplastic reinforced with B.
vulgaris var. striata has the lowest average moisture
content of 9.39%. Finally, the cornstarch-based bioplastic
without any reinforcement has an average moisture
content of 14.35%. It can be concluded that the addition of
bamboo reinforcements decreases the moisture content of
the cornstarch-based bioplastic. The moisture content of
bioplastic made from cornstarch, both with and without
reinforcement, displays a range of 9.39% to 15.56%.

Comparably to the study by other researchers,
starch-based bioplastic has a moisture content of
6.62-11.85% which is higher but closely similar to the
results of this research [36]. Bioplastic samples containing
glycerol had a high moisture content [18] because glycerol
contains a hydroxyl group attracted to water molecules,
allowing them to form hydrogen bonds and incorporate
water into the structure [37].

They concluded that the moisture content of
starch-based bioplastic ranges from 13.21% to 17.59%
[38]. Compared to the results of this study, the moisture
content ranged from 9.39% to 15.56%, indicating a lower
moisture content.

Bioplastic films produced with dialdehyde starch
solution (due to their low moisture content) may protect
food integrity more effectively than bioplastic films
produced with silica solution [36].

(a) Tensile Strength

Table 6. Analysis of Variance of the Characterization of
Cornstarch-based Bioplastics with and without Reinforcement in
terms of Tensile Strength

Source of Variation SS df MS F  P-value

Between Groups 779249.70  3.00 259749.90 193 0.20
Within Groups 1076912.53 8.00 134614.07
Total 1856162.23 11.00

Mean (%) and

Groups Standard Deviation
Cornstarch-based bioplastic reinforced

with B. blumeana 3 1556 £5.09
Cornstarch-based bioplastic reinforced

with B. vulgaris 3 12.99+218
Cornstarch-based bioplastic reinforced 3 939 + 0.53

with B. vulgaris var. striata

Cornstarch-based bioplastic 3 14.35 +7.13

In Table 6, the F-value is 1.93, which is lower than the
F-crit (4.07), and this means that there is no significant
difference in the water solubility of the cornstarch-based
bioplastics with or without reinforcement. Looking at the
P-value of 0.20, we can conclude that there is no
significant difference between the means of the groups at
the 0.05 significance level. Therefore, we fail to reject the
null hypothesis that the means of the groups are equal.

It is observed that the bioplastic is so brittle. This
research reveals that the incorporation of bamboo shoots
as reinforcement in bioplastic materials results in reduced
flexibility compared to unreinforced bioplastics. It is
found that the decrease in tensile strength due to glycerol
is caused by the reduction of intermolecular hydrogen,
which may additionally decrease the intermolecular
attraction between adjacent polymer chains [39]. This
reduces bioplastics' tensile strength and stiffness, resulting
in a reduction in tensile strength.

According to [40], bamboo shoots are rich in fiber.
However, as identified, the treatment of these fibers
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reinforces them, thereby restricting molecular movements
and resulting in a bioplastic that is less flexible and stiffer
[23]. Due to a weak interface and detrimental stress
concentration, natural fillers like bamboo flour (BF) have
a negative impact on the tensile strength of bioplastic with
PLA [41]. But they concluded in their study that bamboo
flour has a good effect on the other mechanical properties
of bioplastics.
(b) Water Solubility

Table 7. Analysis of Variance of the Characterization of
Cornstarch-based Bioplastics with and without Reinforcement in
terms of Water Solubility

Source of Variation SS df MS F P-value
Between Groups 319.31 3.00 10644 0.78 0.54
Within Groups 1,096.84  8.00 137.10

Total 1,416.14  11.00

0.05. The F-value is 16.88, and the fact that it is
higher than the critical F-value (4.07) indicates that
the bioplastics differ significantly. In terms of
biodegradability, the null hypothesis is therefore rejected.
There is a significant difference in biodegradability
between bioplastics due to the presence of factors
such as exposure conditions, pH, temperature, moisture,
bio-surfactant, enzyme, and microbial strain [44].
Although the same soil source is wused in the
biodegradability test of bioplastics, the moisture and pH of
the soil in each test container may not be equal. This could
be why the results of the biodegradability test are varied.
(d) Absorption of Water

Table 9. Analysis of Variance of the Characterization of Cornstarch-
based Bioplastics with and without Reinforcement in terms of
Absorption of Water

Table 7 illustrates the difference in water solubility
between bioplastics made from cornstarch with and
without reinforcement. The F-value is 0.78, which is
lower than the F-crit (4.07), and this means that there is no
significant difference in the water solubility of the
cornstarch-based bioplastics with or without reinforcement.
Additionally, given that the P-value is 0.54, higher than
the P-alpha level of 0.05, the null hypothesis cannot be
rejected. In conclusion, no significant differences exist in
the water solubility of the bioplastic produced. Thus, it
means that the null hypothesis failed to reject.

Despite the insolubility of certain fibers found in
bamboo shoots, the statistical analysis of variance
(ANOVA) reveals no significant difference exists in the
water solubility of reinforced bioplastics that are not.
In terms of their water solubility, all of them exhibit
identical characteristics, thereby concluding the analysis.
Furthermore, there is no significant difference between
them as they contain an equivalent quantity of glycerol,
which shows a solubility value that is almost complete,
allowing it to dissolve entirely in water [42].

Since the bioplastic made has higher water solubility,
the bioplastic films indicate their suitability for various
packaging applications, including the packaging of
colorants, soaps, and cleansers [43]. Also, films with
higher solubility can be used to make garbage bags,
laundry bags, and retail bags.

(c) Biodegradability

Table 8. Analysis of Variance of the Characterization of
Cornstarch-based Bioplastics with and without Reinforcement in
terms of Biodegradability

Source of Variation SS df MS F P-value

Between Groups 8,602.34 3.00 286745 32.72
Within Groups 701.04  8.00 87.63
Total 9303.38 11

0.000077

The findings of the ANOVA comparing the bioplastics
in terms of water absorption are displayed in Table 9. The
p-value is 0.000077, which is below the 0.05 level of
significance. Since there is a significant difference in
water absorption across the groups of bioplastics, it rejects
the null hypothesis and comes to that conclusion. According
to the ANOVA results, there is a significant difference in
the amount of water absorbed by the various groups of
cornstarch-based bioplastics with or without reinforcement,
with a high F-value and a very low p-value. Additionally,
the F-value (32.72) is higher than the critical F-value
(4.07), supporting the rejection of the null hypothesis.

There is a significant difference between the water
absorption of bioplastics with and without reinforcement
since bamboo shoots absorb water. In line with the
research conducted by some researchers, it has been
observed that bamboo fibers exhibit a remarkably
high-water absorption capacity, ranging from 742.8% to
775.4% [45]. In that case, the bioplastic reinforced with
bamboo shoot, which has fiber, has high water absorption,
given that the bamboo itself already has high water
absorption. That alone supports the fact that there is a
significant difference.

(e) Moisture Content

Table 10. Analysis of Variance of the Characterization of
Cornstarch-based Bioplastics with and without Reinforcement in
terms of Moisture Content

Source of Variation SS df MS F P-value Source of Variation SS df MS F P-value
Between Groups 1,351.63 3.00 45054 16.88 0.000805 Between Groups 64.04 3.00 21.35 1.04 0.42
Within Groups 213.54 8.00  26.69 Within Groups 163.50 8.00 20.44

Total 1,565.18 11.00 Total 22753 11.00

The analysis of variance (ANOVA) findings for the
biodegradability characterization of cornstarch-based
bioplastics are shown in Table 8. The F-statistic in this
instance is 16.88. The P-value indicates the probability of
getting the observed F-statistic or a more extreme number
if the null hypothesis is true. The null hypothesis is firmly
rejected by the P-value for this ANOVA, which is
0.000805, which is less than the usual significance level of

The F-value in this table is 1.04, less than the critical
F-value of 4.07 at a significance level of 0.05. Therefore,
the null hypothesis that no significant difference exists
between the means of moisture content in the four groups
cannot be rejected. The P-value of 0.42 exceeds the
significance level of 0.05. This further supports the
conclusion that the means are similar. Based on the
ANOVA results presented in Table 10, there is no
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significant difference between the moisture content of the
four tested groups of cornstarch-based bioplastics.

It has been demonstrated that starch-based bioplastics
are extremely sensitive to moisture absorption, which can
result in a decrease in their mechanical properties [46].
The study demonstrates that the inclusion of glycerol
results in a reduction in the moisture absorption capacity
of bioplastic, leading to a decrease in moisture content
[47]. This finding suggests that the moisture content of
each bioplastic is not significantly different, as they
contain an equal amount of glycerol.

4. Conclusion

Based on the findings of the study about the physical
properties of cornstarch-based bioplastic reinforced with
three different kinds of bamboo shoots, namely
B. wulgaris, B. blumeana, and B. vulgaris var. striata.
Bamboo shoots significantly increased the bioplastic's
mechanical qualities, particularly tensile strength.
Furthermore, the inclusion of bamboo shoots affected the
physical qualities of the bioplastic. Among the four
groups of bioplastics tested for their water solubility,
cornstarch-based bioplastic reinforced with B. vulgaris has
the lowest water solubility, whereas corn starch-based
bioplastic reinforced with B. vulgaris var. striata has the
highest. For the bioplastic's biodegradability, it is
observed that the cornstarch-based bioplastic without
reinforcement has the highest percentage, while the one
reinforced with B. vulgaris has the lowest percentage. In
terms of the bioplastic's absorption of water, this study
observed that the bioplastic reinforced with B. blumeana
had the highest average water absorption. The bioplastic
absorbed the least amount of water without any
reinforcement. For the bioplastic's moisture content, this
study concluded that the cornstarch-based bioplastic
reinforced with B. blumeana has the highest moisture
content. In contrast, the cornstarch-based bioplastic
reinforced with B. vulgaris var. striata has the lowest
average moisture content. Shredded bamboo shoots
improved the bioplastic's mechanical qualities and
physical  properties, including water solubility,
biodegradability, water absorption, and moisture content.
It is observed that excessively thick, shrinking would
shatter the flattened viscous biopolymer layer. Hand
leveling the viscous bioplastic in the tray before drying
created uneven specimen thickness. Due to the specimens'
minute air bubbles and uneven thickness, the bioplastics'
mechanical properties may be higher.

The study proves that bioplastics can substitute
conventional plastics. However, the study also found areas
for improvement, including energy consumption and
production costs, as well as the need for more research to
improve bioplastics' physical properties, particularly in
preventing casting cracking. The ANOVA results for
tensile strength and water solubility showed that there was
no significant difference between cornstarch-based
bioplastics with and without reinforcement. However,
the ANOVA results for biodegradability indicated a
significant difference among the bioplastics. Similarly,
there was a significant difference in water absorption
across the different groups of cornstarch-based bioplastics.

Conversely, the ANOVA results for moisture content
revealed no significant difference among the four tested
groups. Bioplastics differed in biodegradability and water
absorption but not in water solubility, tensile strength, and
moisture content.

In conclusion, based on the characterization of bioplastics,
the cornstarch-bioplastic reinforced with B. vulgaris var.
striata has the best characteristic of bioplastic, which has
good tensile strength, high water solubility, good
biodegradability, average water absorption, and low
moisture content. Furthermore, the research demonstrates
the significance of applying into consideration multiple
factors such as exposure conditions, pH levels, and
microbial species when evaluating the biodegradability of
materials. In general, bioplastics hold the potential as a
viable solution to the escalating ecological concerns
associated with traditional plastics. However, further
investigation and enhancement are necessary to improve
their utilization and environmentally friendly quality.

5. Recommendations

For the enhancement of this research, the researchers
would recommend the following:

The starch content of each species of bamboo shoot
needs to be tested to further know its characteristics and
compound for the reliability of the results since it can
affect the physical properties of bioplastics.

The bioplastic curing process needs to be studied and
researched well because it has been observed that while
curing the bioplastic, it cracks. Therefore, it needs further
studies on how to avoid cracking during the making of
bioplastics.

The bioplastics thickness and physical properties such
as color, texture, and etc. are needed to be tested for more
reliable and appealing bioplastic to consumers.

It is also essential to use varying amount of shredded
bamboo shoot in reinforcing the bioplastic to know the
best amount to use. It is also best to use varying
concentrations of glycerol in the making of bioplastics
since, in previous studies, it was found that it affects the
physical properties of bioplastics. By varying the
concentrations of glycerol, it can be determined how much
glycerol to use when making the best bioplastics.

It is also observed that bamboo shoot pulp can be used
in the production of paper since it contains a lot of fiber,
as stated in past research.
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