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Massively using conventional plastics has led to significant environmental issues,
including harm to ecosystems, wildlife, and human health, contributions to
greenhouse gas emissions, and resource depletion through their extraction and
production. Thus, there is an urgent imperative to seek sustainable alternatives
like bio-composites. This research established the viability of banana peels and
cassava starch for eco-friendly bio-composite sheets, offering insights into
their properties and performance The bio-composite materials, composed
of banana peels, cassava starch, banana stem fiber, glycerol, and acetic acid,
were prepared in different weight-based proportions. The preparation process
involved cleaning, drying, blending, and molding the materials to produce
consistent bio-composite samples. The properties and performance of the
composite samples were assessed for water absorption, moisture content,
and tensile strength. Notably, the combination of banana peels and cassava
in a 1:2 ratio, along with banana stem fiber, demonstrated favorable attributes,
including reduced water absorption (ranging from 6.42 to 30.91%), desirable
moisture content (ranging from 8.06 to 11.27%), and increased tensile strength
(ranging from 5.345 to 11.892 MPa). These findings confirm the viability of using
banana peels and cassava starch in producing bio-composite sheets, offering
a sustainable alternative to conventional plastics. This study contributes to
the field of sustainable materials by providing insights into the properties and
performance of bio-composites, thereby supporting the development of eco-
friendly bio-composite sheets.

KEYWORDS

bio-composite, banana peels, banana stem fiber, cassava starch, sustainability,
alternative materials

1 Introduction

Plastics are adaptable materials that can be shaped into many different shapes and forms,
making them widely employed in a variety of industries, including packaging, construction,
automotive, electronics, and healthcare. In 2022, the total amount of plastic produced globally
was an astounding 400.3 million metric tons. Asia is the world’s top manufacturer of plastics.
In 2022, China alone accounted for 32% of global manufacturing. China has manufactured 6
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to 12 million metric tons of plastic items per month in the past few
years. With a projected 17 percent of global plastic manufacturing in
2022, North America comes in second place (Pilapitiya and Ratnayake,
2024). According to projections, if business as usual continues, global
plastic pollution will exceed 66.1 MT/y by 2050. The imbalance
between the amount of plastic used and the ability to manage the
plastic at the end of its life will result in roughly 70 million tons of
plastic ending up in the environment by 2024 (Yan et al., 2024).

“Polymeric material that may contain other substances to improve
performance and/or reduce costs” is what the International Union of
Pure and Applied Chemistry defines as plastic (Pilapitiya and
Ratnayake, 2024). The word “plastic” originally meant “pliable and
easily shaped.” It was only recently given a name for a class of materials
known as polymers. The word “polymer” means “of many parts,” and
molecules are arranged in long chains to form polymers. In nature,
polymers are everywhere. A particularly prevalent natural polymer is
cellulose, which is the substance that builds up plant cell walls. Plastics
are any of a wide range of complex organic compounds created by
polymerization that can be moulded, extruded, cast into different
shapes and films, or pulled into filaments and used as textile fibres
(Meena et al., 2020).

Plastic pollution is a global issue. An estimated 19-23 million
tonnes of plastic waste spill into lakes, rivers, and oceans annually,
contaminating aquatic ecosystems. The presence of plastic pollution
can modify environments and disrupt natural processes, diminishing
the capacity of ecosystems to cope with climate change. This, in turn,
has a direct impact on the livelihoods, food production capacities, and
overall social well-being of millions of people (Dave and Macwan,
2024). Also, microplastic pollution has spread to every edge of the
aquatic ecosystem, from the seafloor sedimentary rocks to the
top-ranked pelagic layer, due to the misuse, mishandling, and abuse
of plastics. Fish species have easy access to microplastics since they are
prevalent in aquatic environments (Bhuyan, 2022). The repercussions
of plastic pollution on our ecosystem include groundwater pollution,
disruption of the food chain, animal deaths, land pollution, toxic
potential, air pollution, and expensiveness (Obebe and Adamu, 2020).

Bio-composites are thought to be the most effective substitute
materials for dealing with these issues while also ensuring a sustainable
and environmentally friendly environment (Trivedi et al., 2023). On
the other hand, bio-composite materials made of renewable resources,
such as plant fibers, are gradually replacing traditional synthetic and
non-biodegradable materials, enabling a reduction in greenhouse gas
emissions in particular (Rahman et al., 2023). Bio-composites are
composites that are created with biomaterials. In general,
bio-composites are composites made of biopolymers and natural
fibers reinforced with reinforcement (Mahmud et al, 2023).
Reinforcing materials, which can be synthetic or natural fibers, are
added to a matrix material (such as resins or biopolymers) to form
bio-composites. Fiber-reinforced polymer composite materials with
bio-based fibers and/or bio-based matrix are referred to as
“bio-composite” (Elnashar and Karakus, 2023). The potential of these
materials to replace traditional materials that are non-renewable,
recalcitrant, or produced through techniques that release pollutants is
being thoroughly investigated (Mahmud et al., 2023).

Despite the growing interest in bio-composites, there is a
significant gap in the literature concerning the use of locally available
biowaste materials, such as banana peels and cassava starch, in
developing eco-friendly bio-composites. This article introduces a
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novel approach to bio-composite production by leveraging widely
available biowaste materials in Sri Lanka. The innovative aspect lies in
the specific combination of banana peels and cassava starch,
supplemented with banana stem fiber, glycerol, and acetic acid, to
enhance the mechanical and physical properties of the composite. The
study not only addresses the environmental issues associated with
plastic waste but also contributes to waste management by repurposing
agricultural residues into valuable materials.

The blending of banana peels, cassava starch, and banana stem
fibre in this research stems from the aim to harness the unique
properties of each component for the development of bio-composite
materials. Banana peels contribute starch to bio-composite, while
cassava starch acts as a binder, promoting cohesion. The incorporation
of banana stem fibre introduces additional reinforcement, augmenting
tensile strength. Glycerol is used as a plasticizer. Plasticizers enable
increased compound processing characteristics, while the end-use
product also provides adaptability. It has no odour and is colourless.
Acetic acid is used as a preservative. It helps the molecules in starch
stay disrupted even after heating. It also acts to dissolve the starch.
This synergistic blending seeks to capitalize on the diverse attributes
of these natural materials, aiming for a well-balanced composition
that not only minimizes environmental impact but also offers
enhanced mechanical and biodegradable characteristics. The rationale
behind this blending strategy lies in the potential to create
bio-composites with overall performance by combining the strength
of banana stem fibre with the cohesive and sustainable qualities of
banana peels and cassava starch.

The primary objectives of this research are twofold: to produce
bio-composite sheets using banana peels, cassava starch, and banana
stem fibers, and to reduce the environmental impacts of conventional
plastic products by replacing them with eco-friendly alternatives. By
leveraging the unique properties of these natural materials, this study
aims to develop bio-composites that not only exhibit enhanced
mechanical strength and biodegradability but also contribute to
mitigating plastic pollution. The research endeavors to optimize the
composition of these bio-composites to achieve a balance between
performance and sustainability. Ultimately, this work seeks to provide
a viable solution for reducing plastic waste, promoting environmental
sustainability, and advancing the development of green materials.

2 Materials and methods

The primary materials used in this study were banana peels and
cassava starch, both sourced locally from Sri Lanka. Additionally,
banana stem fiber was incorporated to enhance the mechanical
properties of the composites. Glycerol and acetic acid were used as
plasticizers and binding agents, respectively.

2.1 Material extraction processes

2.1.1 Banana peel preparation process

The banana peels were collected and thoroughly washed to
remove any dirt or contaminants. Then carefully cut into small,
manageable pieces. These pieces were placed in a container with
distilled water and brought to a boil, maintaining the boil for
approximately 30 min to soften the peels and facilitate further
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FIGURE 1
Bio-composite production process.

processing. After boiling, the water was separated from the banana
peels, ensuring that the water part was removed (Rusdi et al., 2020;
Azieyanti et al., 2020). Distilled water was added to the banana
peels, and a blender was used to thoroughly blend them until a
consistent paste-like texture was achieved. Once blended, the
excess water was removed from the peel paste by draining or
squeezing. The peel paste was then placed under sunlight to
undergo the drying process, ensuring that it was completely dried.
After sun drying, the prepared banana peels were obtained and
were ready for further use.

2.1.2 Preparation of cassava starch

Fresh cassava was collected, and the peels were carefully removed,
ensuring that only the starchy part was retained. The cassava was then
cut into small slices or thin pieces for better drying and processing.
The cassava slices were allowed to dry naturally under the sun until
they were completely dry. Once dried, a blender was used to grind the
cassava slices until a fine powder or small particle size was obtained.
The ground cassava starch was then sieved to ensure uniform particle
size, removing any larger particles that could affect the consistency of
the bio-composite.

2.1.3 Preparation of banana stem fibre

Fresh banana stems were obtained, and then the outer layers of the
stem were carefully peeled away to expose the inner fibres. Using a
knife, the fibres were separated from the core, ensuring their integrity
and cleanliness. The separated fibres were thoroughly rinsed under
cold water to eliminate any dirt or impurities. After rinsing, the fibres
were left to air dry naturally in a well-ventilated area until they
achieved complete dryness. Once dried, the fibres were gently
untangled and refined to make them ready for use. To prepare the
fibers for composite production, they were cut into short lengths. The
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prepared banana stem fiber was stored in a cool and dry location, such
as an airtight container, for future utilization.

2.2 Bio-composite production process

Figure 1 depicts the steps in production process. The prepared and
dried banana peel samples were blended until a homogeneous mixture
was obtained. Gradually, the previously prepared and dried banana
stem fibre was added to the blender, and the blending continued until
the fibres were evenly distributed within the mixture. The cassava
starch was introduced into the blender and thoroughly mixed with the
banana peel and fibre mixture, ensuring a well-incorporated and
consistent composition. Glycerol was added to the mixture as a
plasticizer, enhancing the flexibility and durability of the
bio-composite material. Finally, acetic acid was introduced as a cross-
linking agent, enhancing the overall strength and stability of the
bio-composite. The entire mixture was blended again, ensuring all the
components were well combined to form a uniform blend (Amin
et al.,, 2019; Sultan and Johari, 2017; Azieyanti et al., 2020). The
blended mixture was then transferred to a mould that matched the
desired shape and size of the bio-composite product. The mould was
placed into a heat press machine, and the temperature was set to
180°C. The material was allowed to undergo pressing for
approximately 10min, facilitating the fusion, and shaping of the
bio-composite. Once the pressing was complete, the mold was
carefully removed from the heat press, and the bio-composite was left
to cool and solidify. For improved results, the sample was transferred
to an oven set at 110°C for approximately 15min to further enhance
the drying process. After the cooling and drying processes, the final
bio-composite sheet was obtained, ready for further testing
and application.
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Table 1 depicts the experimental set up which was followed. In
Trail 01, denoted by Samples 1.1, 1.2, and 1.3, the focus lies on altering
the primary constituents of the bio-composite. Trail 02 introduces
variations in acetic acid content, featuring Samples 2.1, 2.2, and 2.3.
Trail 03, comprising Samples 3.1, 3.2, and 3.3, explores the impact of
changing cassava starch percentages. Trail 04 investigates the influence
of varying banana stem fibre proportions with Samples 4.1, 4.2,
and 4.3.

2.3 Quality evaluation of bio-composite
samples

2.3.1 Water absorption test

The water absorption test comprised the following steps: Initially,
a lcm by 2cm portion of the bio-composite sample was cut and
weighed to establish its starting weight. Subsequently, a clean beaker
was filled with 100mL of room-temperature water, into which the
sample was delicately immersed to ensure complete submersion. The
sample was left to soak in the water for 24 h. Following this soaking
period, the sample was extracted from the water, excess surface
moisture was carefully removed, and its final weight was promptly
measured (Sultan and Johari, 2017; Chapain et al., 2021). The water
uptake was then computed using the formula:

Fi ot — Initi .
Water Uptake :{ inal weight — Initial wezght} 100

Initial weight

2.3.2 Moisture content test

Each sample was obtained and cut into small pieces with a size of
1.5cm? The initial weight of each sample was recorded accurately. An
oven was preheated to a temperature of 85°C. The sample pieces were
placed in the oven and allowed to dry for 1day. After 1 day, the
samples were removed from the oven and the final weight of each
sample was recorded accurately (Wahyuningtiyas and Suryanto, 2017;
Vijayalaksmi et al., 2022). The moisture content of each sample was
calculated using the following formula:

Initi ot — Fi .
Moisture content — nitial weight — Final weight £100
Final weight

2.3.3 Biodegradability test

For the biodegradability test, a piece of bio-composite material
was pre-weighed (W;) and placed under a polybag set up containing
soil. The sample was positioned at a depth of 5cm from the surface of
the soil. An appropriate amount of water was sprinkled on the soil to
enhance microbial enzymatic activities. This step promoted the
biodegradation process of the bio-composite material. The samples
were maintained in the soil for approximately 15 days. At intervals of
4 days, get the sample and measure the weight. (Amin et al., 2019;
Sultan and Johari, 2017; Wahyuningtiyas and Suryanto, 2017). The
biodegradability of each sample was calculated using the
following formula:
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Biodegradability = {F inal weight — Initial wezght} +100

Initial weight

2.3.4 Tensile test

Initial sample preparation involved cutting appropriate
specimens from bio-composite sheets, adhering to defined
dimensions, and ensuring sample sufficiency. Subsequently, a
universal testing machine, configured in compliance with ASTM D
638 guidelines and the manufacturer’s instructions, was set up for
the evaluation. The testing machine was initiated, and tension was
systematically applied to the samples at a predefined testing speed
of 5mm/min until a fracture occurred. Throughout the test,
continuous recordings were made of the force applied (load) and
deformation values. Finally, the tensile strength of the bio-composite
samples was determined (Chapain et al., 2021; Babalola and
Olorunnisola, 2019).

3 Results and discussion
3.1 Water absorption test

The water absorption test results, illustrated in the graph, provide
a comprehensive understanding of the samples’ water uptake behavior
(Figure 2).

Due to a crack in sample 1.1, it was not subjected to further
testing. Sample 1.2 (Equal Parts Banana Peels and Cassava Starch)
displays a moderate water absorption of 28.72%, suggesting that the
combination of banana peels and cassava starch may contribute to a
more balanced water absorption profile. This reduction could
be attributed to a more optimized blend, where the proportion of
hydrophilic components may have been minimized, resulting in a
decreased affinity for water. Sample 1.3 (Cassava Starch Only) exhibits
the second-highest water absorption at 34.85%, possibly indicating a
higher affinity for water due to the lack of water-resistant components
like banana stem fibre. When changing acetic acid (Samples 2.1 to
2.3), increasing the acetic acid content from 5ml (Sample 2.1) to 10 ml
(Sample 2.2) and 15ml (Sample 2.3) appears to result in decreasing
water absorption. This trend may be attributed to the acid’s role in
promoting cross-linking and enhancing the material’s water resistance.
Also, when changing cassava starch (Samples 3.1 to 3.3), increasing
the cassava starch content from 100 g (Sample 3.1) to 125g (Sample
3.2) and 150g (Sample 3.3) shows a potential trend towards lower
water absorption. This may indicate that a higher starch content
contributes to improved water resistance. Changing Banana Stem
Fiber (Samples 4.1 to 4.3): Increasing the banana stem fibre content
from 15g (Sample 4.1) to 20g (Sample 4.2) and 25g (Sample 4.3)
suggests a positive correlation with increased water absorption. This
may be due to the fiber’s ability to hold water, leading to
higher absorption.

For low water absorption, Sample 1.2 (equal parts banana peels
and cassava starch) and Sample 2.3 (with 15ml acetic acid) show
promising characteristics. Further optimization may involve adjusting
the cassava starch content, with Sample 3.3 demonstrating a potential
trend towards lower water absorption. It is crucial to balance the
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TABLE 1 Material compositions employed in the production of bio-composite samples and the final product obtained through four distinct trails.

Samples

Banana peels
(9)

Trail 01 (change of main two materials)

Cassava
starch (g)

Materials

Banana stem Glycerol

fiber (g) (ml)

Final product

Sample 1.1 100 0 10 30
Sample 1.2 50 50 10 30
Sample 1.3 0 100 10 30
Trail 02 (change acetic acid percentage)

Sample 2.1 100 15 10 30

Frontiers in Sustainability
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(Continued)
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TABLE 1 (Continued)

Samples Materials Final product

Banana peels Cassava Banana stem Glycerol Acetic acid
({e)] starch (g) fiber (g) (ml) (ml)

Sample 2.2 100 15 10 30 10

Sample 2.3 100 15 10 30 15

Trail 03 (change cassava STARCH percentage)

Sample 3.1 50 100 10 30 10

Sample 3.2 50 125 10 30 10

(Continued)
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TABLE 1 (Continued)
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Samples Materials Final product
Banana peels Cassava Banana stem Glycerol Acetic acid
({e)] starch (g) fiber (g) (ml) (ml)

Sample 3.3 50 150 10 30 10

Trail 04 (change banana stem fiber percentage)

Sample 4.1 50 100 15 30 10

Sample 4.2 50 100 20 30 10

Sample 4.3 50 100 25 30 10

inclusion of banana stem fibre, as seen in Sample 4.1, to avoid excessive
water absorption.

Contrasting with Rahmatiah Al Faruqy and Liew’s (2016) cassava-
based sheets, which recorded a water absorption of 39.48%, the
formulations in this study showcase a broader range of water
absorption percentages. Additionally, Vijayalaksmi et al’s (2022)

Frontiers in Sustainability

formulation, which incorporated banana peel starch, corn starch,
vinegar, glycerine, and distilled water, reported significantly higher
water absorption percentages (215.35, 100.54, and 88.97%). Saputri
etal. (2024) conducted research to produce sheets with cassava starch
reinforced with banana bunch cellulose, resulting in water vapor
absorption values ranging from 10.14 to 15.93%. Furthermore,
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FIGURE 2
Water absorption percentage of the obtained samples.
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FIGURE 3
Moisture content results of the obtained samples.
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Samples

Norafifah Izzati et al. (2024) conducted research with tapioca and
banana peels, finding water absorption values ranging from 50 to
250%. This comparative analysis underscores the nuanced impact of
the specific bio-composite composition presented in the current study
on water absorption properties.

3.2 Moisture content test

Moisture content plays a crucial role in the physical and
mechanical properties of bio-composites, as excessive moisture can
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lead to structural degradation, reduced strength, and compromised
performance. The following result, Figure 3, provides the moisture
content characteristics of each sample.

Sample 1.2 (11.6%) and Sample 1.3 (12.08%) both involve changes
in the main material composition, with Sample 1.2 having an equal
blend of banana peels and cassava starch, while Sample 1.3 consists
entirely of cassava starch. The minimal difference in moisture content
between these samples suggests that the proportion of banana peels in
the blend may not significantly influence moisture absorption. The
variation in acetic acid concentration in Samples 2.1 (13.24%), 2.2
(28.26%), and 2.3 (25.86%) shows an interesting trend. Sample 2.1,

frontiersin.org


https://doi.org/10.3389/frsus.2024.1410986
https://www.frontiersin.org/journals/Sustainability
https://www.frontiersin.org

Ishara et al.

with the lowest acetic acid concentration, has the lowest moisture
content, while Samples 2.2 and 2.3, with higher acetic acid
concentrations, exhibit higher moisture content. This contradicts the
water absorption results, suggesting that factors beyond acetic acid
concentration may influence moisture content. The increase in cassava
starch content from Samples 3.1 (8.06%) to 3.3 (4.55%) results in a
decrease in moisture content. This suggests that higher cassava starch
concentrations contribute to reduced moisture absorption, possibly
due to the water-resistant nature of starch. Samples 4.1 (9.71%), 4.2
(9.81%), and 4.3 (11.27%) show slight variations in moisture content
with changing banana stem fibre content. While the differences are
marginal, the higher fibre content in Sample 4.3 may contribute to a
slightly higher moisture content. Samples with lower moisture content,
such as 3.3 (4.55%) and 3.2 (6.25%), could be considered for
applications where minimal moisture absorption is desired.

(2022)
incorporating banana peel starch, corn starch, vinegar, glycerine, and

Vijayalaksmi et al. formulated a bio-composite
distilled water, which exhibited moisture content percentages of 6.58,
33.73, and 12.81%, respectively. Comparing these values with the
obtained results, it can be observed that the bio-composite samples
show a similar trend in terms of moisture content. In another study,
Wahyuningtiyas and Suryanto (2017) reported moisture content
percentages of 44.44, 55.55, 66.66, and 88.88%, respectively. When
comparing these values with the obtained results, it is evident that the
bio-composite plate samples in this study exhibit significantly lower

moisture content percentages.

3.3 Tensile strength test

The evaluation of tensile strength is a fundamental aspect of
assessing the mechanical performance and suitability of bio-composite
materials (Figure 4).

As the Samples 1.1 and 3.3 were cracked, tensile strengths were
not measured for the test. Sample 1.2 (0.2143 MPa) and Sample 1.3

10.3389/frsus.2024.1410986

(0.621 MPa) involve changes in the main material composition.
The considerable increase in tensile strength in Sample 1.3, where
cassava starch replaces banana peels, suggests that cassava starch
contributes to enhanced tensile strength. This may be attributed
to the structural characteristics of starch that enhance material
cohesion. The variation in acetic acid concentration in samples 2.1
(0.4787 MPa), 2.2 (0.278 MPa), and 2.3 (0.1125MPa) reveals a
decreasing trend in tensile strength with increasing acetic acid
concentration. The higher acetic acid concentrations in Samples
2.1 and 2.2 may contribute to increased cross-linking, resulting in
improved tensile strength. The increase in cassava starch content
from Sample 3.1 (5.345 MPa) to 3.2 (3.899 MPa) leads to a decrease
in tensile strength. This could indicate that an excessive amount of
cassava starch may compromise the material’s tensile strength,
highlighting the importance of an optimal starch ratio. Samples
4.1 (10.681 MPa), 4.2 (10.469 MPa), and 4.3 (11.892 MPa) show
variations in tensile strength with changing banana stem fibre
content. Sample 4.3, with the highest fibre content, demonstrates
the highest tensile strength. This suggests that an increased
amount of banana stem fibre may contribute positively to
tensile strength.

Sample 4.3, with 11.892 MPa tensile strength, stands out as having
the highest strength among the samples tested. This blend,
incorporating higher levels of banana stem fibre, demonstrates
promising mechanical performance.

Rahmatiah Al Faruqy and Liew (2016) reported a tensile strength
of 4.5 MPa for cassava-based samples prepared with newspaper pulp.
Chodijah et al. (2019) investigated banana peel-based samples and
found tensile strengths ranging from 2.6286 to 10.5620 MPa. Similarly,
Saputri et al. (2024) demonstrated that cassava starch reinforced with
banana bunch cellulose had tensile strength values varying from 2.92
to 6.72 MPa. Additionally, Norafifah Izzati et al. (2024) conducted
research with tapioca and banana peels, revealing tensile strengths
between 4.49 and 14.35MPa. In comparison, the current study’s
results, particularly those of Samples 3.1, 4.1, 4.2, and 4.3, with tensile

16

14

12

10

Tensile strength (MPa)
H a o]

N

1.2 1.3 2.1 2.2 2.3

Samples type

FIGURE 4
The tensile strength test results of the obtained samples.
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strengths of 5.345, 10.681, 10.469, and 11.892 MPa, respectively,
demonstrate that our bio-composite formulations achieve good tensile
strengths compared to those reported in the literature, thereby
supporting the validity and effectiveness of our experimental results.

3.4 Bio-degradability test

Analysis of the biodegradability test results demonstrated a
noticeable correlation between increased microbial activity and the
degradation of the bio-composite samples, highlighting the role of
natural processes in breaking down the material. Below, Table 2 shows
the result that was obtained from the test.

Table 2 displays the results of the biodegradability test conducted
under aerobic conditions. The polybag setup, with its open top,

TABLE 2 Pictorial illustration of the biodegradability test.

Sample Day 01 After 4 days

10.3389/frsus.2024.1410986

maintained moisture levels while allowing air exchange, thus
facilitating aerobic microbial processes. Under these conditions, the
photos show how the bio-composite samples deteriorate over time
(Table 3).

The biodegradability test results for the bio-composite samples
reveal intriguing variations in the degradation rates, reflecting the
impact of different formulations on the materials’ susceptibility to
microbial activity. Sample 4.1 stands out with an exceptional increase
from 31.28 to 97.55% within the first 8 days, indicating a highly
favourable biodegradation response. Similarly, Samples 3.1, 4.2, and
4.3 demonstrate signiﬁcant improvements over successive intervals,
highlighting the overall biodegradable nature of our bio-composite
formulations. These outcomes suggest that the integration of banana
peels, cassava starch, and banana stem fibre in our bio-composite

materials fosters favourable conditions for accelerated biodegradation.

Sample 3.1
-
| 44.84% 94.60%
Sample 4.1
31.28% 97.55%
Sample 4.2
Sample 4.3
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TABLE 3 Biodegradability test results of bio-composite samples.

Sample After 4 days After another 4 days
Sample 3.1 44.84% 94.60%
Sample 4.1 31.28% 97.55%
Sample 4.2 52.79% 95.93%
Sample 4.3 46.21% 95.38%

While certain blends exhibit promising biodegradability, it is crucial
to exercise caution when drawing definitive conclusions. The study
provides valuable insights into short-term behaviour, but a
comprehensive understanding of long-term environmental impact
requires extended investigations. Additionally, considering potential
byproducts and variations in soil conditions is essential for a more
nuanced assessment. The encouraging trends observed hint at the
potential of the current formulations, yet the study’s current scope urges
careful interpretation and prompts further exploration into the intricate
dynamics of bio-composite biodegradation for a thorough assessment.

In comparison, Saputri et al. (2024) reported that cassava starch
reinforced with banana bunch cellulose samples exhibited
biodegradability ratings ranging from 29.81 to 50.69%. Furthermore,
Arjun et al. (2023) prepared biodegradable plastic from banana peels,
observing rapid degradation within the initial 6 days, with weight
reduction from 72.05g to 44.70g and complete decomposition
expected within 60 days. Additionally, Ragadhita et al. (2022) studied
their research based on cassava starch and banana peels, finding that
the highest percentage of weight loss within 2 weeks was 89%. This
suggests that the integration of banana peels, cassava starch, and
banana stem fiber in our bio-composite materials fosters highly
favorable conditions for accelerated biodegradation.

Most conventional plastic plates are made from materials like
polystyrene or polypropylene (Ncube et al., 2021). Because of its high
level of hydrophobicity, polyethylene (PE) cannot dissolve in aqueous
environments, posing a challenge to the biodegradation of PE. The
process of PE biodegradation involves several factors, including the
preparation and pretreatment of polymers used in microbial
degradation studies, the use of solvents to aid in the dissolution of PE
substrates, and the secretion of various substances by microorganisms.
Consequently, the biodegradation of PE is intricate, making it
challenging to characterize and determine the mechanism of
degradation (Zhang et al., 2022). Polypropylene takes 20 to 30 years to
completely decompose after it is dumped in a landfill. Because of the
potential for hazardous chemicals like lead and cadmium to
be employed during manufacture, this feature raises serious
environmental concerns (Nakatani et al., 2022). In comparison to
plates made from traditional materials such as polystyrene or
polypropylene, the prepared samples in this study exhibit accelerated
degradation, indicating a positive step towards reducing the
environmental impact of disposable plastic products.

4 Conclusion

The main objective of this research was to investigate the use of
bio-composite sheets through the utilization of banana peels, cassava
starch, and banana stem fibre to produce bio-composite plates as an
alternative to conventional plastics. First, bio-composite sheets were
successfully produced by using banana peels, cassava starch, banana stem
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fibre, glycerol, and acetic acid after a broad sample preparation and
testing procedure. Water absorption tests, moisture content tests, tensile
strength tests, and biodegradability tests were carried out to evaluate the
produced bio-composite materials. Based on the results obtained,
samples 3.1, 4.1, 4.2, and 4.3 demonstrated good performance with lower
water absorption (30.91, 6.43, 13.48, and 27.74%). Tensile strength results
surpassed the values reported in the literature (compared to
bio-composite materials), indicating the potential for enhanced
mechanical properties in the bio-composite samples. The comprehensive
testing and analysis provided valuable insights into the properties and
performance of the bio-composite samples. To conclude, this research
successfully explored the feasibility of using banana peels, cassava starch,
banana stem fibre, glycerol, and acetic acid to produce bio-composite
sheets. Further to that, this study contributes to the growing body of
knowledge in the field of sustainable materials and offers potential
applications for eco-friendly alternatives to conventional plastics.
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