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ABSTRACT

Bioplastics are biologically derived, biodegradable polymers. Food waste
is a challenge for sustainable development as it can increase greenhouse
gas emissions and other issues related to the environment. Meanwhile,
plastic waste contributes significantly to environmental pollution. Because
of increasing environmental concerns due to conventional plastics,
the development of “environmentally friendly” materials has attracted
extensive interest. Fruit waste is known to increase during fruit processing
and manufacturing. The present study aims to explore the potential of fruit
waste as a bioplastic material as an environmentally friendly alternative
to conventional plastic. Most of the fruit wastes have the potential to be
developed as bioplastics as they contain starch, cellulose, pectin, and other
biopolymers. Some of the fruit waste is generated by the fruit processing
industries, including banana peel, pineapple peel, durian seed, jackfruit
seed, avocado seed, orange peel, jackfruit perianth, pomegranate peel and
dragon fruit peel etc. The production of bioplastics from fruit waste offers the
potential to indirectly address two issues, namely reducing plastic waste and
fruit waste, at the same time, thereby promoting environmental sustainability.
In order to overcome the challenges and develop workable methods for
producing bio-based plastics, it is in fact necessary to step up innovations and
research in this area. This eco-friendly strategy can reduce our dependency on
conventional polymers made of fossil fuels and take us to a more sustainable
future.
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1.INTRODUCTION

Plastic has become an integral part of our lives,
but it also generates a lot of waste globally each year.
(Muthaszeeret al. 2020). Plastics, metal and glass
containers, worn-out machinery, food wrapping, old
furniture, garbage, etc. are the major sources of land
pollution (Modebelu et al. 2014). Today, plastics have
become a serious environmental issue. Conventional
plastics decompose very slowly, which can cause the
original products to remain in landfills for hundreds or
even thousands of years. (Maheshwari et al. 2013).

Non-biodegradable  plastics create
environmental problems and pose risks to both human

and animal health. Millions of seabirds and other

severe

*Corresponding author's e-mail: shraddhawale99@gmail.com

aquaticspecies have died as aresult of plastic pollution.
Since 2010, global plastics manufacturing has surged
by 36%. This has generated significant interest in bio
based plastics to meet global plastic demands (Nanda
et al. 2022). Conventional plastics are produced by
using non-renewable resources, including petroleum,
coal and natural gas. It takes many decades to
degrade in nature and also produces toxins during
degradation. Therefore, it is necessary to produce
plastics from materials that can be easily removed
from our biosphere in an “ecofriendly” manner. It is
termed bioplastics. (Sartika et al. 2018).
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Bioplastics are a renewable type of plastic because
their constituents are made of biopolymers derived
from agricultural resources, including starch, cellulose,
proteins, and pectin. (Gustafsson et al. 2019). Starch
is one of the major component of bioplastics. As starch
is a renewable, readily available and inexpensive
material, it is frequently employed in the form of
biodegradable films for a range of purposes. (Alves
et al. 2015). Many research studies using starches as
matrix for bioplastics have confirmed the potential of
the biodegradable polymer (Moro et al. 2017). There
have been several authors who have used starch
sources to develop bioplastic, such as avocado seeds
(Ginting etal. 2018; Ramesh et al. 2021), jackfruit seed
(Harahap et al. 2018; Santana et al. 2018;Kaharet
al. 2019) and durian seed (Ginting et al. 2017) apple
pomace (Gustafsson et al. 2019).

Bioplastic can be made from polymers derived
from biological sources. Food waste is one of the
biological sources that can be used to make bioplastic.
It comes from the food processing industry or domestic
consumption, such as pineapple peel, banana peel,
durian seed, jackfruit seed, avocado seed, apple
pomace, etc. The production of bioplastic from food
waste has a double benefit: it can simultaneously
address two issues, namely the reduction of plastic
and food waste, thereby promoting environmental
sustainability ((Ramadhan et al. 2020).

The amount of waste produced by the fruit and
vegetable industries is considerably higher, with peels
accounting for 25-30% of the total, followed by seeds,
skins, shells, pods, cores, pulp, pomace, etc. (Rifna
et al. 2023). If these fruit wastes are not handled
properly, they can cause significant environmental
concerns such as water and soil pollution, the
greenhouse effect, eutrophication, global warming,
and other health issues (Medeiros et al. 2020). These
fruit wastes have potential uses in the development of
bioplastics. Therefore, the production of bioplastics is
a way to reduce and recycle waste after its useful life,
and it also helps to reduce the pressure of negative
impacts on the environment. (Ramirez et al. 2023).

The purpose of this study is to summarize any
kind of fruit waste that proved can be developed into
bioplastic material with potential applications in food
packaging to promote environmental sustainability.

2. Fruit Loss and Processing Waste

According to the FAO of the United Nations, about
14% and 17% of the food produced worldwide is either

lost or wasted each year. However, a new report from
the World Wide Fund for Nature WWF and Tesco in
2021 stated that, around 2.5 billion tons of food are
lost or wasted globally each year. This indicates an
increase of over 1.2 billion tons from the prior estimate
of 1.3 billion. According to these revised estimates,
food waste is more than previously believed (33%),
with an estimated 40% of all food produced going
uneaten. According to the FAO, food waste would be
the third-largest carbon dioxide emitter in the world if
it were a nation, after China and the US. It is projected
that fruits and vegetables, account for approximately
46% of food waste. (1400 million tons produced are
wasted). (Nirmal et al. 2023). According to a Swedish
survey, bananas are the fruit that is wasted the most
because of brown stains or minor bruises in stores
(Mattsson et al. 2018). It is estimated that 3.7 trillion
apples are wasted worldwide annually. Two different
types of waste generated from fruit processing:
solid waste (peels/skins, seeds, stones, etc.) and
liquid waste (juice and wash water). Fruit peel waste
accounts for between 15 and 60% of the various
types of fruit waste that are produced, and it is usually
discarded (Zhang et al. 2020). For several fruits, such
as the mango (30-50%), orange (30-50%), pineapple
(40-50%), and banana (20%), a significant amount is
often wasted. Some fruits, including banana, orange,
mango, watermelon, and lemon, account for between
25 and 57 million tons of waste annually (Leong et al.
2022). If not properly managed, these fruit wastes can
cause significant environmental concerns such water
and soil pollution, greenhouse effect, global warming,
eutrophication, and other health problems. (Medeiros
et al. 2020). Therefore, waste recycling is essential for
the effective utilization of fruit waste for production of
bioplastics.

3.What are Bioplastics?

Bioplastics are defined as “plastic made
from renewable resources or plastics that are
biodegradable in nature” by the European Bioplastics
Organization (EBO) (Bandara et al. 2023). Theseare
similar to conventional plastics in all aspects with the
additional quality being able to easily degrade and
breakdown into natural and safe byproducts (Sartika
et al. 2018). As it madefrom renewable sources can
be naturally recycled by biological processes, thus
protecting the environment by limiting the use of fossil

fuels. Therefore, bioplastics are generally sustainable,
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Table1. Comparative account of Conventional Plastics and Bioplastics

resources required, cannot be renewed

Properties Conventional Plastic Bioplastics
. Agricultural waste, Food waste, Fruit
Origin Hydrocarbon waste, Biowaste from effluent
) Made up of finite materials, Fossil | Made up of bio waste and based on
Materials

renewable resources

Main products

Polyvinyl chloride (PVC),
Polyethylene (PE),

Polystyrene (PS),

Polyethylene terephthalate (PET),

Starch, cellulose, lipid, chitin,
protein based bioplastics; Polylactic
Acid (PLA), Polyhydroxyalkanoates
(PHA), Polyhydroxy butyrate (PHB)
polymers

Toxicity

It contains Bisphenol A (BPA), a hormone
disrupter and also eco-toxic

Less toxic and does not contain
bisphenol A (BPA)

Sustainability

Mainly non-biodegradable but
biodegradable is also available

Mainly biodegradable but some are
non-biodegradable

Production cost Respectively low

Costly with respect to conventional
plastic

Energy consumption

More energy uses during production.

Less energy uses during production.

Effect on environment
reduces soil fertility

High greenhouse gas emission, Increases
global warming, leads to abiotic depletion,

Low greenhouse gas emission,
Mostly eco-friendly, no harm to
abiotic factors, increases soil fertility

Plastic mixed with organic waste will end

Bioplastics can be processed in

End of life up in the landfills. waste facilities as compost.
Recycling Recycling process is difficult. Recycling process is less difficult.
Durability It is more durable. It is less durable.

Decomposition time

years to decompose.

Traditional plastic can takes hundreds of

It takes only three to six months for
full decomposition.

biocompatible, and biodegradable. Today, bioplastics
have become essential in many industrial applications
including food packaging, agriculture and horticulture,
composting bags, hygiene and also found their use in
biomedical, structural, electrical, and other consumer
products. (Ashter, 2016). These are currently employed
as packaging materials, but it will also be used in
the future for producing various products such as
electronics and vehicle parts (Shah et al.2021).

4.Types of Bio Plastics

Bioplastics refers to a broad family of materials
having different origins, properties and applications.
Any polymer is often described as a bioplastic if it is
either bio-based (derived from renewable feedstock or
microbes), or biodegradable (degrade or decompose
naturally, underappropriate environmental conditions),
or both. Thus bioplastics can be classified into three
categories viz., bio-based and biodegradable, bio-

based and non-biodegradable, fossil-based and
biodegradable. Another one is fossil-based and non-
biodegradable which are known as conventional
plastics.

4.1. Bio-based and Non-biodegradable

This group includes well-known commodity
polymers made from bioethanol, such as polyvinyl
chloride and polyethene. These bioplastics are
chemically similar to their fossil based equivalents and
are non-biodegradable in nature. However, they have
a lower carbon foot print because they don’t produce
more carbon dioxide during incineration.

Bio-based polyamides, polyepoxides and polyesters
(e.g. polytrimethylene terephthalate) are also belong
to this group of bioplastics. (Batori, 2018).
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4.2. Bio-based and Biodegradable Plastic “The
True Bioplastics”

These polymers are produced from biologically
derived renewable resources. The majority of the
plastics in this category are derived from natural
polymers such as proteins, polysaccharides, and lipids
from plants or animals origin. Another category of such
material includes products of microorganisms such as
poly hydroxybutyrate (PHB). Additionally, these plastics
can be chemically synthesized from bio-derived
materials, such as polylactic acid (PLA). These plastics
are the true representatives of bioplastics owing to
their biological origin and biodegradability. In order
to make these plastics suitable for commercial use,
the proper plasticizers are mixed with them. Two types
of bio-based and biodegradable plastics are further
described below (George et al. 2021).

4.2.1. Starch Based Bioplastic

The most significant polysaccharide polymer
utilized to develop biodegradable films is starch
since it has the ability to form a continuous matrix.
The primary components of starch are amylose and
amylopectin(Meenakshi et al. 2022). Starch is used as
a raw material for manufacturing variety of industrial
applications. As starch is energy reserve in plants, it is
found in abundance. Starch imparts textural features
and it has potential to form gel or film that makes it a
valuable product for industrial applications. Starch is
used in various industrial purposes namely emulsifying
agent, defoaming agents, thickening agent and as
sizing agents (Yazid et al. 2018).

In starch based plastics, starch can be utilized as
native starch, modified starch or blended with other
synthetic polymers. Starch-based polymers have a wide
range of applications because of their thermoplasticity,
flexibility, cost-effectiveness, water-repellent nature,
and biodegradability. They are used to make pots,
cups, sacks & packs, diaper films, air bubble films,
and pharmaceutical packaging. (George et al. 2021).
When combined with a plasticizing agents, starch has
been widely employed for producing thermoplastic
polymers. Therefore, plant wastes rich in this polymer
have great potential for processing into conventional
thermoplastic polymers (Merino et al. 2022).

4.2.2. Cellulose based Bioplastic

Cellulose is the most abundant organic compound
in nature and a key component of plant cell walls.
Depending on the type of plant, its content may vary

from 50% to 90%. Cellulose derived from higher plants
isa mixture of cellulose, lignin, hemicellulose, and other
polysaccharides, including pectin and hemicelluloses.
The acetates, butyrate and propionates of celluloses
are abundantly used in the production of plastics.
Among these cellulose acetate is a tough, clear, stable
and flexible plastic with excellent resistance to organic
and inorganic chemicals. Often, plasticizers are added
to further improve its properties. Ether cellulose and
cellulose nitrate (celluloid) are other forms of cellulose
useful in plastic formation.Currently, lignocellulosic
biomass and cellulose-rich food industry waste are
regarded as cheap sources of cellulose to produce
plastic. Important applications of cellulose based
plasticsinclude plasticfiimsfor LCD and antifog goggles;
cellulose based coatings for metal and wood, printing
inks, filters for window cartons, water-soluble films
used for packaging medical capsules and detergent
powders that readily dissolve in water. (George et
al. 2021).Cellulose derivatives are polysaccharide
made up of linear chains joined together by beta (1-
4) glucosidic units. Cellulose derivatives utilized for
edible films and coatings are Hydroxypropyl cellulose,
Hydroxypropyl methylcellulose, Carboxymethylcellulose
and Methylcellulose. They exhibit thermo-gelation
which is the process whereby suspensions form gel
when heated and return to their original consistency
when cooled. (Shah et al. 2021).

4.3. Fossil-based Biodegradable Plastics

These polymers are a group of materials made
from petroleum, and they are still capable of
breaking down naturally. Polyesters in this group
are polycaprolactone, polyglycolic acid, polybutylene
adipate-co-terephthalate, and polybutylene succinate.
These polymers have hydrolytic instability and
biodegradability due to the ester linkage in their
backbones(Rodriguezet al.2010)

4.4. Fossil-based Non-Biodegradable Plastics

These plastics are a group of materials that are
derived from petrochemicalsand do not decompose
naturally. Petroleum-based plastic is often durable,
long lived and non-biodegradable. These are generally
referred to as conventional plastics. (Sidek et al. 2019)

This group includes plastics like polyethylene,
polyethylene terephthalate, polystyrene, polyvinyl
chloride and polypropylene.
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Figure 1. Types of Plastics, their degradability and examples. Except the fossil based non-
biodegradable plastic, rest three are considered under the category of bioplastics

BIO-BASED

Bioplastics

Bio-based and
Non-
biodegradable
* Biopolythene
* Biopolythene

terephthalate
* Polyamide

PLASTICS

Fossil-based Non-
Biodegradable

* Polystyrene

* Polypropylene
Polyethylene
Polyvinyl
Chloride

Conventional plastics

Bioplastics

Bio-based and
Biodegradable
*PLA

* PHB

* Starch based

* Cellulose based

Biodegradable

Fossil-based
Biodegradable

* Polybutylene
adipate
terephthalate

* Polycaprolacton
e

Bioplastics

FOSSIL-BASED

5. Different kinds of plasticizers used for the
production of bioplastic

Plasticizers are a type of relatively non-volatile, low-
molecular-weight organic compounds that are added
to plastic polymers to reduce brittleness, reduce
crystallinity, improve durability and toughness, and
lower melting temperatures. These reduce polymer-
polymer contact; due to this, the rigidity of the 3D
structures is also reduced, which thereby improves
the deformation ability without rupture (Tyagi &
Bhattacharya, 2019). Different types of plasticizers,
including polyols like glycol, glycerol, (Arfat, Y. A. 2017)
sorbitol, fructose, sucrose, and mannose, as well as
fatty acids like palmitate or myristate, are utilized in
the manufacturing of bioplastics. Among these, the
most widely studied and used plasticizer is glycerol
because of its non-toxicity, low cost, and high boiling
point (292 °C) (Shah et al. 2021).

6.General process of bioplastic making.

The process of bioplastic making may be different for
each material utilized, the properties of the bioplastic
produced, and the various product configurations.
According to previous research, figure 1 summarized

the complex process of bioplastic making. Each
process included different methods, components, and
compositions. (Ramadhan et al. 2020).

Pre-Treatment includes procedures including
material grinding, drying, and hydrolyzation. Not
all parts of the waste are used; only the starch and
cellulose of the waste are extracted for use in the
production of bioplastic. And the most important part
is characterizing materials, including adding plasticizer
agents, odor-controlling agents, and biological
material. (Ramadhan et al. 2020).

7. Fruit waste used as bioplastic material

In the current world, where food is a scare resource,
we can make bioplastics from non-edible parts. The
majority of raw materials used to make bioplastics
come from agricultural or farm products. Fruit waste
is a significant material that can be used to develop
biopolymers or bioplastics.

Things such as orange peel, pomegranate
peel, banana peel, jackfruit perianth, durian seed
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etc. can utilized for the production of bioplastic.
Bioplastic films made from feedstock derived from
polysaccharide residue are very popular nowadays.
These lignocellulosic feedstocks are useful for the
manufacturing of bioplastic because they contain
cellulose, hemicelluloses, starch, and pectin.

7.1. Banana peel

Banana peels,abyproductofagricultural processing
industries, can be used in making bioplastics as they
contain cellulose, starch, pectin, and other polymers.
Cellulose is modified to produce thermoplastic
polymers by acetylation (cellulose acetate) (Rana et al.
2018).The pectin found in banana peel, ranging from
5% to 12%, has the potential to be used as a source for
the production of bioplastics. (Abel et al. 2023).

Pectin is used in the production of bioplastics as
an emulsifier that increases intermolecular bonds in
the film. Citric acid has been added to banana peels
to avoid browning so that pectin produced by banana
peels is brighter. (Chodijah et al. 2019).

7.2. Apple pomace

Apple pomace represents 25% to 30% of the
original weight of the apple (Ampeseet al. 2023).
Producing apple juice, cider, or wine results in the
production of millions of tons of apple pomace
annually throughout the world. Apple pomace is not
suited for animal feeding or landfilling due to the acidic
properties of the fruitand its high sugar and low protein
content. (Perusselloet al. 2017). This residue can be
utilized to make bioplastic due to its high moisture
content and biodegradable organic content. Cellulose
(7%-44%), insoluble lignin (15%-20%), starch (14%-
17%), and pectin (4%-14%) make up the majority
of the constituents of apple pomace. (Gustafsson et
al.2019).

7.3. Pineapple peel

Pineapple peel is a byproduct of both the pineapple
processing industry and domestic consumption.
Cellulose, the primary constituent of the peel, can
be extracted by refluxing it with acidic or alkaline
solutions. Cellulose is a naturally occurring polymer
with a homogenous chain structure made up of glucose
units. Through the etherification process, cellulose
can be converted into carboxy methylcellulose (CMC).
(Chumee & Khemmakama 2014).

7.4. Durian seed

Durian seeds are a byproduct of food processing
industries and a portion of the fruit that is not

eaten because it is sticky and irritant to the tongue.
Nevertheless, the seeds contain nutrients like protein,
carbohydrates, fats, and minerals like calcium and
phosphorus. Durian seeds contain starch, which has
the potential to be used as a raw material for production
of bioplastics. However, there are several drawbacks
to starch-based bioplastics, such as lower mechanical
strength and less water resistance. (Ramadhan et al.
2020).

Durian seed has a high starch content of 42.1%,
making it a promising raw material for bioplastics.
The biodegradable time was found to be between
two and four weeks using durian seed starch as the
raw material and glycerol as the exploration medium.
(Irhamni et al. 2014; Retnowati et al. 2015; Jannah
et al. 2021). Other plasticizers like polyethylene glycol
(PEG) can increase the strain on bioplastic because it
is thicker, stronger, and well-soluble in water. (Apriani
etal.2022)

7.5.Jackfruit seed

Jackfruit seed, which makes about 8-15% of the
jackfruit, has a high starch content, making it a potential
food waste. (Kringelet al. 2020). It can be used as raw
material for production of bioplastics. Studies on the
production of bioplastics fromjackfruitseed starch have
been carried out. The jackfruit contained a moisture
content of 6.04%, amylose content of 16.39%, starch
content of 70.22%, ash content of 1.08%, amylopectin
content of 53.83%, protein content of 4.68%, and a
fat content of 0.54%. Starch, chitosan, and sorbitol
were used in combination for producing the bioplastic.
The best bioplastic had a tensile strength of 13,524
MPa and was obtained by the ratio of starch: chitosan
(w/w) = 8:2 and a concentration of sorbitol of 25%.
Meanwhile, glycerol is used as a plasticizer in other
studies for the production of bioplastic from jackfruit
seeds. The starch concentrations used ranged from
2-6% w/w, while the amount of glycerol per 100 grams
of starch was 20-60 g. (Lubis et al.2017).

Jackfruit seed starch can be used as a base
material for bioplastics with characteristics including
low opacity, moderate water vapor permeability, and
relatively high mechanical stability. (Santana et al.
2018).

7.6. Avocado seed

Avocado seed, which makes up 13-18% of the
overall weight of the fruit (Siol&Sadowska, 2023) is
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a potential food waste due to its high starch content.
Like jackfruit seed, this starch content can be used
as a raw material for making bioplastics. The avocado
seed starch had a starch content of 73.62 % and
amylopectin content of 73.55 % so that avocado seed
has potential to be plastic film material. (Ginting et
al.2018). Chitosan and glycerol have been added to
an avocado seed starch in a bioplastic development
study.Bioplastics with glycerol as a plasticizer and
chitosan as a filler have few cavities and a smooth, soft
fracture surface (Ginting et al.2015).

7.7. Orange peel

About 50-60% of the leftovers produced during
the manufacturing of orange juice are not used. The
orange wastes contain valuable bioactive substances
like cellulose and pectin that have the potential to be
used to make bioplastics (Othman & Fadzil, 2021).The
bio-plastic film made from orange peel was produced
using simple laboratory techniques. The developed
film blends with glycerol as a plasticizer have shown
consistent and promising outcomes. This has excellent
strength, flexibility, and disintegration in soiling
conditions, has a rough morphology, and shows the
film’s biodegradability nature (Yaradoddiet al. 2022).

7.8. Jackfruit perianth

The waste of jackfruit (Artocarpus heterophyllus)
perianth can be converted into environmentally friendly
bioplastics. The composition of jackfruit perianth,
sach as glycerol, cellulose and starch influence the
properties of synthesized bioplastics. It has also
been found that bioplastics with higher glycerol
concentrations have lower tensile strength. This study
shows that waste agricultural raw materials, such the
jackfruit perianth, have the potential to be converted
into bioplastic, an environmentally friendly substitute
to plastics based on petrochemicals. (Muthaszeer et
al. 2020).

7.9. Pomegranate peel

Pomegranate (Punica granatum) is a rich source
of bioactive compounds which contains pectin-27%,
cellulose-26.2%, and
lignin-5.7%. The polysaccharides in pomegranate
peel undergo acid hydrolysis and are converted
into monosaccharides, which then breakdown into
cellulose, hemicelluloses and lignin components.
These components are further utilized to produce
bioplastics. (Chozhavendhan et al. 2020).

hemicelluloses-10.8%,

7.10. Dragon fruit peel

The skin of the Hylocereus polyrhizus is peeled
off and eaten as fresh fruit. They are additionally
processed into juice, jams, syrups, and other industrial
goods. The peel makes up about 22% of the fruit,
which is considered waste from the processing of
dragon fruit (Hylocereus polyrhizus). (Taharuddin et al.
2023). The peel of dragon fruit contains around 10.8%
pectin. Peels have not been used and are discarded
as agricultural waste. According to several research,
pectin from dragon fruit can be extracted and used to
develop biofilms. (Listyariniet al. 2020).

8. Future prospects

In recent years, bioplastic has become a cutting-
edge and environmentally friendly material. Although it
is generally considered to be an appropriate substitute
for conventional chemical-based plastics, there are
still a number of issues that need to be addressed.
These include improving mechanical properties such
as heat and shock resistance, expanding the range
of applications, enhancing processability, developing
industry standards, and reducing production costs.
In order to solve these challenges, scientists are
presently investigating plasticizers and
developing composite polymers to improve mechanical
capabilities. Finding appropriate biological sources,
particularly those found in waste products, is a vital
approach toimprove the sustainability of the production
process. If these initiatives are successful, bioplastics
might be used in more sectors, which would drive
this industry’s rapid expansion. Further development
is anticipated with intensive study that would solve
the issues with the technique now used to produce
bioplastics and also eliminate our dependency on
conventional polymers made from fossil fuels. While
facing serious concerns about climate change and the
exhaustion of resources, bioplastics might be a helpful
step toward a more sustainable future. The bio-based
plastics are environmentally friendly and also pave
the way for organic waste management, in a more
effective manner. Extensive research and innovative
methods for producing these bio-based plastics would
boost environmental sustainability and human life
expectancy.

CONCLUSION

novel

The use of renewable resources rather than

111|7-9|



(e
Erz

MadrasAgric.J.,2024; ; https://doi.org/10.29321/MAJ.10.500003

petrochemical ones in the manufacturing of bioplastics
is better for the environment and other forms of life
on the planet. Petrochemical-based plastics have
a number of drawbacks, including the fact that
they pollute the environment and release harmful
gases during production and recycling. Additionally,
consuming food that has been packaged in plastic may
result in cancer. Due to this, global interest is growing
in the development of innovative biodegradable
polymers from renewable natural resources. Instead
of petroleum-based plastics, we should use bioplastic
because it is renewable, biodegradable, sustainable,
and environmentally friendly. Therefore, there is a
great need to promote research and development in
the field of bioplastics. However, bioplastics are not
the only solution, changes in the way we buy, consume
and dispose of plastic are also important.

REFERENCES

Abel, D. M., de Castro Ruas, J., de Castro Ruas, A.,
and Kok, T. (2023). Characterization Properties
of Banana Peel as a Promising Alternative for
Bioplastic. E3S Web of Conferences 374, 00008
(2023). DOI: 10.1051/e3sconf/202337400008

Alves, J. S., K. C. Dos Reis, E. G. T. Menezes, F.
V. Pereira, and J. Pereira, (2015). Effect of
cellulose nanocrystals and gelatin in corn
starch plasticized films. Carbohydrate polymers
115: 215-222. DOI: https://doi.org/10.1016/j.

carbpol.2014.08.057

Ampese, L. C., Ziero, H. D. D., Velasquez, J., Sganzerla,
W. G., Martins, G., and Forster Carneiro,
T. (2023). Apple pomace management by
anaerobic digestion and composting: a life
cycle assessment. Biofuels, Bioproducts and
Biorefining, 17(1): 29-45. DOI: https:/doi.
org/10.1002/bbb.2446

Apriani, M., Cahyono, L., Utomo, A. P., Nugraha, A. T., and
Alfira, D. C. N. (2022). Preliminary investigation
of bioplastics from durian seed starch
recovery using PEG 400 for reducing marine
debris. Journal of Ecological Engineering, 23(2):
12-17. DOI: 10.12911/22998993/144824

Arfat, Y. A. (2017). Plasticizers for biopolymer films. Glass
transition and phase transitions in food and
biological materials, 159-182. DOI: https://doi.
org/10.1002/9781118935682.ch6

Ashter, S. A. (2016). Introduction

engineering. William Andrew.

to bioplastics

Bandara, G. A. I. M., Alahakoon, A. M. A. R. B,
Senarath, P. G. R. L. P, Thennakoon, T. M. T.
N., Weerarathna, D. M., Hewage, H. T. M., and
Sulaksha, L. G. T. Bioplastics for sustainable
future. J. Res. Technol. Eng., 4(2): 99-110.

Batori, V. (2018). Fruit wastes to biomaterials:
Development of biofilms and 3D objects in a
circular economy system (Doctoral dissertation,
Hogskolan i Boras).

Chodijah, S., Husaini,A.,and Zaman, M. (2019). Extraction
of pectin from banana peels (musa paradiasica
fomatypica) for biodegradable plastic films.
In Journal of Physics: Conference Series (Vol.
1167, No. 1, p. 012061). IOP Publishing.
DOI: 10.1088/1742-6596/1167/1/012061

Chozhavendhan, S., Usha, P., Sowmiya, G., and Rohini,
G. (2020). A review on bioplastic production-A
need to the society. Int. J. Pharm. Sci. Rev.
Res, 62, 27-32.

Chumee, J., and Khemmakama, P. (2014). Carboxymethyl
cellulose from pineapple peel: Useful green
bioplastic. Advanced Materials Research, 979,
366-369. DOI: https://doi.org/10.4028/www.
scientific.net/AMR.979.366

Exploiting the use of agro-industrial residues from fruit
and vegetables as alternative microalgae culture
medium, Food Research International, 137,

109722. DOI: 10.1016/j.foodres.2020.109722

George, N., Debroy, A., Bhat, S., Bindal, S., and Singh,
S. (2021). Biowaste to bioplastics: An ecofriendly
approach for a sustainable future. Journal of
Applied Biotechnology Reports, 8(3): 221-233.
DOI: 10.30491/JABR.2021.259403.1318

Ginting, M. H. S., Hasibuan, R., Lubis, M., Alanjani, F.,
Winoto, F.A., and Siregar, R. C. (2018). Utilization
of avocado seeds as bioplastic films filler
chitosan and ethylene glycol plasticizer. Asian
J. Chem, 30(7): 1569-1573. DOI: 10.14233/

ajchem.2018.21254

Ginting, M. H. S., Hasibuan, R., Lubis, M., Alanjani, F.,
Winoto, F.A., and Siregar, R. C. (2018, February).
Supply of avocado starch (Perseaamericana mill)
as bioplastic material. In /OP Conference Series:
Materials Science and Engineering (Vol. 309, p.
012098). IOP Publishing. DOI: 10.1088/1757-
899X/309/1/012098

Ginting, M. H. S., Hasibuan, R., Lubis, M., Tanjung, D. S.,
& Igbal, N. (2017, March). Effect of hydrochloric

111|7-9|


http://dx.doi.org/10.1051/e3sconf/202337400008
https://doi.org/10.1016/j.carbpol.2014.08.057
https://doi.org/10.1016/j.carbpol.2014.08.057
https://doi.org/10.1002/bbb.2446
https://doi.org/10.1002/bbb.2446
http://dx.doi.org/10.12911/22998993/144824
https://doi.org/10.1002/9781118935682.ch6
https://doi.org/10.1002/9781118935682.ch6
http://dx.doi.org/10.1088/1742-6596/1167/1/012061
https://doi.org/10.1016/j.foodres.2020.109722
http://dx.doi.org/10.30491/JABR.2021.259403.1318
http://dx.doi.org/10.14233/ajchem.2018.21254
http://dx.doi.org/10.14233/ajchem.2018.21254
http://dx.doi.org/10.1088/1757-899X/309/1/012098
http://dx.doi.org/10.1088/1757-899X/309/1/012098

(e
Erz

MadrasAgric.J.,2024; ; https://doi.org/10.29321/MAJ.10.500003

acid concentration as chitosan solvent on
mechanical properties of bioplastics from durian
seed starch (Duriozibethinus) with filler chitosan
and plasticizer sorbitol. In /OP Conference
Series: Materials Science and Engineering (Vol.
180, No. 1, p. 012126). IOP Publishing.
DOI 10.1088/1757-899X/180/1/012126

Ginting, M. H. S., Tarigan, F. R., and Singgih, A. M.
(2015). Effect of gelatinization temperature and
chitosan on mechanical properties of bioplastics
from avocado seed starch (Persea americana
mill) with plasticizer glycerol.

Gustafsson, Jesper, Mikael Landberg, Veronika Batori,
Dan Akesson, Mohammad J. Taherzadeh, and
AkramZamani. “Development of bio-based films
and 3D objects from apple pomace. Polymers
11, no. 2 (2019): 289. DOI:10.1088/1757-
899X/180/1/012126

Harahap, M. B., Manullang, A., and Ginting, M. H.
S. (2018) Utilization of Jackfruit Seeds
(Artocarpusheterophyllus) in the Preparing of
Bioplastics by Plasticizer Ethylene Glycol and
Chitosan Filler.

Irhamni, ., Rambe, M. S., Zulfalina, Z., &Rahmi, R. (2014).
Analisa Pengaruh Pati Biji Durian Durian (Durio
Zibethinus) Sebagai Bahan Pengisi Terhadap
Sifat Mekanik Dan Biodegradasi Komposit
Matrik Polipropilena, Jurnal Teoridan Aplikasi
Fisika, 2(2): 139-145.

Jannah, N. R., Jamarun, N., and Putri, Y. E. (2021).
Production of starch-based bioplastic from
Duriozibethinusmurr seed using glycerol as
plasticizer. JurnalRiset Kimia, 12(2): 159-165.
DOI: 10.25077/jrk.v12i2.398

Kahar, A. W. M., Lingeswarran, M., Amirah Hulwani, M.
Z., and Ismail, H. (2019). Plasticized jackfruit
seed starch: a viable alternative for the partial
replacement of petroleum-based polymer
blends. Polymer Bulletin, 76, 747-762. DOI:
https://doi.org/10.1007/s00289-018-2402-2

Kringel, D. H., Dias, A. R. G., Zavareze, E. D. R,, and
Gandra, E. A. (2020). Fruit wastes as promising
sources of starch: Extraction, properties, and
applications. 72(3-4): 1900200. DOI: 10.1002/
star.201900200

Leong, Y. K., and Chang, J. S. (2022). Valorization of fruit
wastesforcircularbioeconomy:Currentadvances,
challenges, and opportunities. Bioresource
technology, 359, 127459. DOI: https://doi.
org/10.1016/j.biortech.2022.127459

Listyarini, R. V., Susilawatib, P. R., Nukung, E. N.,
Anastasia, M., and Yua, T. (2020). Bioplastic
from pectin of dragon fruit (Hylocereus
polyrhizus) peel. Malaysian Journal of Analytical

Sciences, 23(6), 203-208. DOI: 10.14710/
jksa.23.6.203-208
Maheshwari, Raaz, Bina Rani, Parihar Sangeeta,

and Anju Sharma. Eco-friendly bioplastic for
uncontaminated environment. Research Journal
of Chemical and Environmental Sciences 1, no.
1 (2013): 44-49.

Mattsson, L., Williams, H., and Berghel, J. (2018).
Waste of fresh fruit and vegetables at retailers
in Sweden—Measuring and calculation of mass,
economic cost and climate impact. Resources,
Conservation and Recycling, 130, 118-126. DOI:
https://doi.org/10.1016/j.resconrec.2017.10.037

Meenakshi, M., Gunasheela, N., and Kaviyalakshmi, M.
(2022). Production of starch based bioplastics
and their applications in food packaging. Journal
of University of Shanghai for Science and
Technology, 24(12): 268-298.

Merino, D., Quilez-Molina, A. I., Perotto, G., Bassani,
A., Spigno, G., and Athanassiou, A. (2022).
A second life for fruit and vegetable waste:
a review on bioplastic films and coatings for
potential food protection applications. Green
Chemistry, 24(12): 4703-4727. DOI: https://doi.
org/10.1039/D1GC03904K

Modebelu, M. N., and Edward Isiwu. Environmental health
hazards and rural community development in
Abia State of Nigeria. International Letters of
Natural Sciences, 20:129-138. DOI: 10.18052/
www.scipress.com/ILNS.20.129

Moro, T. M., Ascheri, J. L., Ortiz, J. A., Carvalho, C. W.,
and Meléndez-Arévalo, A. (2017). Bioplastics
of native starches reinforced with passion fruit
peel. Food and Bioprocess Technology, 10,
1798-1808. DOI: https://doi.org/10.1007/s11947-
017-1944-x

Muthaszeer, A. M., Ramanan, M. V., Cherian, R. K.,
Biji, P., and Cherian, E. (2020). Production of
bioplastic using Jackfruit perianth. Indian Journal
of Experimental Biology, 58(12). 875-878.
DOI: 10.56042/ijeb.v58i12.44587

Nanda, S., Patra, B. R., Patel, R., Bakos, J., & Dalai,
A. K. (2022). Innovations in applications and
prospects of bioplastics and biopolymers: A

111|7-9|


http://dx.doi.org/10.25077/jrk.v12i2.398
http://dx.doi.org/10.1002/star.201900200
http://dx.doi.org/10.1002/star.201900200
http://dx.doi.org/10.14710/jksa.23.6.203-208
http://dx.doi.org/10.14710/jksa.23.6.203-208
http://dx.doi.org/10.18052/www.scipress.com/ILNS.20.129
http://dx.doi.org/10.18052/www.scipress.com/ILNS.20.129
http://op.niscpr.res.in/index.php/IJEB/article/view/44587

(e
Erz

MadrasAgric.J.,2024; ; https://doi.org/10.29321/MAJ.10.500003

review. Environmental Chemistry Letters, 20(1),
379-395. DOI: https://doi.org/10.1007/s10311-
021-01334-4

Nirmal, N. P., Khanashyam, A. C., Mundanat, A. S.,
Shah, K., Babu, K. S., Thorakkattu, P., and
Pandiselvam, R. (2023). Valorization of Fruit
Waste for Bioactive Compounds and Their
Applications in the Food Industry. Foods, 12(3),
556. DOI: 10.3390/foods12030556

Othman, S. A., and Fadzil, N. F. (2021). Preparation
and Characterization of Orange Peels For
Commercial Plastic: A Review. International
Journal of Advanced Research in Engineering
Innovation, 3(1): 97-102.

Perussello, C. A., Zhang, Z., Marzocchella, A,
and Tiwari, B. K. (2017). Valorization of
apple pomace by extraction of valuable
compounds. Comprehensive Reviews in Food
Science and Food Safety, 16(5), 776-796. DOI:
https://doi.org/10.1111/1541-4337.12290

Ramadhan, M. O., &Handayani, M. N. (2020, December).
The potential of food waste as bioplastic material
to promote environmental sustainability: A
review. In IOP Conference Series: Materials
Science and Engineering, 980(1): 012082.
DOI:10.1088/1757-899X/980/1/012082

Ramesh, R., Palanivel, H., VenkatesaPrabhu, S.,
Tizazu, B. Z., &Woldesemayat, A. A. (2021).
Process development for edible film preparation
using avocado seed starch: response
surfacemodeling and analysis for water-vapor
permeability. Advances in Materials Science
and Engineering, pp: 1-7. DOI: https://doi.
org/10.1155/2021/7859658

Rana, G. K., Singh, Y., Mishra, S. P., &Rahangdale,
H. K. (2018). Potential use of banana and its
by-products: A review. Int. J. Curr. Microbiol.
App. Sci, 7(6): 1827-1832. DOI: https://doi.
org/10.20546/ijcmas.2018.706.218

Retnowati, D. S., Ratnawati, R., and Purbasari, A.
(2015). A biodegradable film from jackfruit
(Artocarpusheterophyllus) and durian
(Duriozibethinus) seed flours. Scientific Study &
Research. Chemistry & Chemical Engineering,
Biotechnology, Food Industry, 16(4): 395.

Rifna, E. J., Misra, N. N., &Dwivedi, M. (2023). Recent
advances in extraction technologies for recovery
of bioactive compounds derived from fruit and
vegetable waste peels: Areview. Critical Reviews
in Food Science and Nutrition, 63(6), 719-752.

Rodriguez-Galan, A., Franco, L., and Puiggali, J. (2010).
Degradable polyester amides for biomedical
applications  Polymers, 3(1): 65-99. DOI:

10.3390/polym3010065

Santana, R. F., Bonomo, R. C. F., Gandolfi, O. R. R,,
Rodrigues, L. B., Santos, L. S., dos Santos Pires,
A. C., and Veloso, C. M. (2018). Characterization
of starch-based bioplastics from jackfruit seed
plasticized with glycerol. Journal of food science
and technology, 55: 278-286. DOI: 10.1007/
$13197-017-2936-6

Sartika, M., LUBIS, M., Harahap, M. B., AFRIDA, E.,
and Ginting, M. H. S. (2018). Production of
Bioplastic from Avocado Seed Starch as Matrix
and Microcrystalline Cellulose from Sugar
Palm Fibers with Schweizer's Reagent as
Solvent. Asian Journal of Chemistry, 30(5):
1051-1056. DOI:  https://doi.org/10.14233/

ajchem.2018.21155

Shah, M., Rajhans, S., Pandya, H. A., and Mankad, A.
U. (2021). Bioplastic for future: A review then
and now. World journal of advanced research
and reviews, 9(2): 056-067. DOI: 10.30574/

wjarr.2021.9.2.0054

Sidek, I. S., Draman, S. F. S., Abdullah, S. R. S., &Anuair,
N. (2019). Current development on bioplastics
and its future prospects: an introductory
review. INWASCON Technol. Mag, 1. 3-8.

DOI: 10.26480/itechmag.01.2019.03.08

Siol, M., & Sadowska, A. (2023). Chemical Composition,
Physicochemical and Bioactive Properties
of  Avocado (Perseaamericana) Seed
and Its Potential Use in Functional Food
Design. Agriculture, 13(2), 316. DOI: https://doi.

org/10.3390/agriculture13020316

Taharuddin, N. H., Jumaidin, R., Mansor, M. R., Yusof, F.
A. M., &Alamjuri, R. H. (2023). Characterization
of Potential Cellulose from Hylocereus polyrhizus
(Dragon Fruit) peel: A Study on Physicochemical
and Thermal Properties. Journal of Renewable
Materials, 11(1). DOI: https://doi.org/10.32604/

jrm.2022.021528

Tyagi, V., and Bhattacharya, B. (2019). Role of plasticizers
in bioplastics. MOJ Food Process. Technol, 7(4):
128-130. DOI:10.15406/mojfpt.2019.07.00231

Yaradoddi, J. S., Banapurmath, N. R., Ganachari, S.
V., Soudagar, M. E. M., Sajjan, A. M., Kamat,
S., and Ali, M. A. (2022). Bio-based material
from fruit waste of orange peel for industrial

111|7-9|


http://dx.doi.org/10.3390/foods12030556
http://dx.doi.org/10.3390/polym3010065
http://dx.doi.org/10.1007/s13197-017-2936-6
http://dx.doi.org/10.1007/s13197-017-2936-6
https://doi.org/10.14233/ajchem.2018.21155
https://doi.org/10.14233/ajchem.2018.21155
http://dx.doi.org/10.30574/wjarr.2021.9.2.0054
http://dx.doi.org/10.30574/wjarr.2021.9.2.0054
http://dx.doi.org/10.26480/itechmag.01.2019.03.08
https://doi.org/10.3390/agriculture13020316
https://doi.org/10.3390/agriculture13020316
https://doi.org/10.32604/jrm.2022.021528
https://doi.org/10.32604/jrm.2022.021528
https://doi.org/10.15406/mojfpt.2019.07.00231

MadrasAgric.J.,2024; ; https://doi.org/10.29321/MAJ.10.500003

(e

Erz

applications. Journal of Materials Research and
Technology, 17: 3186-3197. DOI: htitps://doi.
0rg/10.1016/j.jmrt.2021.09.016

Yazid, N. S. M., Abdullah, N., Muhammad, N., and Matias-
Peralta, H. M. (2018). Application of starch and
starch-based products in food industry. Journal
of Science and Technology, 10(2): 147-174.
DOI: 10.30880/jst.2018.10.02.023

Zhang, Y., Liao, J., and Qi, J. (2020). Functional and
structural properties of dietary fiber from citrus
peel affected by the alkali combined with high-
speed homogenization treatment. Lwt, 128,
109397. DOI: https://doi.org/10.1016/j.
Iwt.2020.109397

111|7-9|


https://doi.org/10.1016/j.jmrt.2021.09.016
https://doi.org/10.1016/j.jmrt.2021.09.016
https://doi.org/10.1016/j.lwt.2020.109397
https://doi.org/10.1016/j.lwt.2020.109397

