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Abstract: Based on the review of 115 literature items, the article presents biopolymers as renewable 
polymer materials for sustainable development. The types of biopolymers and their applications are 
discussed, including biopolymers based on starch, cellulose, bacteria, soy and natural polyester. It also 
describes the issues of biocompatibility, the principles of sustainable chemistry and sustainable devel-
opment, as well as market trends and future application directions.
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Biopolimery jako odnawialne materiały polimerowe dla zrównoważonego 
rozwoju – przegląd literatury
Streszczenie: Na podstawie przeglądu 115 pozycji literaturowych w artykule przedstawiono biopoli-
mery jako odnawialne materiały polimerowe dla zrównoważonego rozwoju. Omówiono rodzaje bio-
polimerów i ich zastosowanie, w tym biopolimery na bazie skrobi, celulozy, bakterii, soi i naturalnego 
poliestru. Opisano również zagadnienia dotyczące biokompatybilności, zasad zrównoważonej chemii 
i zrównoważonego rozwoju oraz trendy rynkowe i perspektywiczne kierunki zastosowań.
Słowa kluczowe: biopolimery, biokompatybilność, biodegradowalność.

Polymers have become ubiquitous in a diverse range 
of companies, from wrapping to toy manufacturing, 
grocery bags to plastic cutlery, and straws to 3D printed 
rocket nozzles [1–6]. High-molecular-weight polymers 
have a chemical structure of one thousand to ten thou-

sand monomeric repeating units [7, 8]. The initial step 
in the production of conventional petroleum-based syn-
thetic polymers is the distillation of crude oil at an oil 
refinery. In this process, the heavy crude lubricant is sep-
arated and fractionated into groupings of lighter compo-
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nents, known as segments. Each segment is made up of 
different sizes and structures of polymeric hydrocarbon 
chains. Naphtha is an important ingredient in the manu-
facture of monomers such as ethylene, propylene, and 
styrene, which are used to make plastics. These mono-
mers are polymerized through polyaddition and/or poly-
condensation, which is facilitated by particular catalysts 
[9, 10]. On the other hand, this conversion produces pol-
lutants and greenhouse gases like carbon dioxide (CO2), 
resulting in pollution and global warming. Furthermore, 
several petroleum-based plastics are non-biodegradable, 
resulting in their persistence at the disposal site and a det-
rimental impact on environment [11]. Polymers are in high 
demand in these applications due to their low production 
costs and advantageous properties such as high mechani-
cal strength while remaining lightweight, high resistance 
to water, chemicals, sunlight, and bacteria, and their abil-
ity to provide adequate electrical and thermal insulation 
[12–14]. On the other hand, conventional polymers are 
mostly made from non-renewable petrochemicals that 
are resistant to daylight and bacteria [15, 16]. Several stud-
ies published in the previous two decades have explored 
alternatives to petroleum-based polymers. Biopolymers 
are a type of polymeric substances that behave similarly 
to synthetic polymers while also being mostly environ-
mentally friendly. The environmental damage caused by 
discarded synthetic polymers has prompted the search 
for alternatives. Biopolymers are  appreciated as promis-
ing new materials to solve these problems because they 
are functionally and environmentally similar to syn-
thetic plastics. Biopolymers are polymers that are either 
(1) biodegradable, like PCL or PBS, or (2) like starch, cel-
lulose, vegetable oil, and lipids, they may or may not be 
biodegradable, however, they are made from biological or 
renewable resource [17]. Biopolymers degradability, like 
that of any other polymeric material, is influenced by its 
composition, degree of crystallinity, and conservational 

variables, with degradation durations varying from a few 
days to many years. As a result of these considerations, 
biodegradable biopolymers have aroused a lot of atten-
tion in recent years [18–22]. There are two types of biode-
gradable biopolymers based on their degradation mech-
anisms: oxo-biodegradable and hydro biodegradable 
[23, 24]. Chief features of oxo- and hydro- biodegradable 
polymers are discussed in Table1. Polymers that are oxy-
biodegradable are manufactured from petroleum-based 
polymers plus a pro-degradant element that aids in the 
decomposition of the plastic [25]. A metal salt, such as 
manganese or iron salts, is added to speed up the abi-
otic disintegration of the oxo-biodegradable polymer in 
the presence of oxygen [26, 27]. At the moment, oxo-bio-
degradable polymers are primarily made from naphtha, 
an oil or natural gas by-product. [28]. The time needed 
for biodegradable oxo products to disintegrate can be 
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Fig. 1. Schematic of microplastic food chain affecting animal and human health

T a b l e  1.  Classification of  biopolymers

Oxo-biodegradable Hydro-
biodegradable

Source Petroleum (oil) based Plant (starch) based
Uptake Oxygen Water 

End products Carbon dioxide, 
water, cell biomass

Carbon dioxide, 
water, cell biomass

Strength Thin and light 
weight Thick and heavier

Degradation 
(Breakdown)

Breakdown faster. 
Process accelerated 

by UV and heat

Degradation initia-
ted by hydrolysis 

process
Recycling Recyclable Non-recyclable

CO2 emission
Slow emission while 
degrading produces 

biomass

Rapid emission 
while degrading

Calorific value Incinerated with 
high calorific value

Incinerated with low 
calorific value

Cost effective Less expensive Costly
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‘programmed’ during production, similar to methane 
or nitrous oxide industrial operations [29]. Polymers that 
are oxo-biodegradable take months to years to degrade 
[30]. On the other hand, plant-based produced polymers 
are hydro-biodegradable polymers. They are heavier and 
thicker when compared to the same strength oxy-biode-
gradable polymer. The hydrolytic degradation is faster 
than in the case of oxo-degradable polymers. These poly-
mers can be used to make synthetic fertilizers. Polylactic 
acid (PLA) and biopolymers derived from plant sources 
(such as starch) are two examples [31]. 

As a result of the polymer use, the amount of pollutants 
in the environment is increasing. Microplastic (5 mm) and 
other plastic-based pollutants have been detected in our 
food supply and the environment, posing a health risk. 
Fig.1. Represents the formation of microplastic, its con-
tamination in the food chain of living beings. Bio-based 
polymer research will now focus on making a world that 
is more sustainable, greener, and has a lower environ-
mental pollution. Biopolymers are polymers that come 
from biological origins, such as renewable feedstocks or 
microorganisms of various types, and have the potential 
to lessen the impact on the environment. Fig. 2. shows the 
bio-polymer cycle system. In medical, packaging, struc-
tural, and automotive engineering, to name a few sectors, 
research and development in the field of bio-renewable 
resources could seriously lead to the adoption of a low-
carbon economy [32]. On the other hand, crosslinking, 
crystallinity, molecular weight, and the microbe species 
used affect the biodegradability of polymers. According 
to studies, crosslinked polymers disintegrate the slowest, 
followed by crystalline and finally amorphous polymers. 
[33, 34]. 

Polymers manufactured from biomass such as corn 
and sugarcane are known as biopolymers. These com-

pounds have become increasingly popular as a means 
of conserving fossil fuels, lowering CO2 emissions, and 
minimizing polymer waste [35]. Biopolymers’ biodegrad-
ability has been actively promoted, and the demand for 
packaging is continuously expanding among traders 
and the food industry. Population increase has resulted 
in a large build-up of non-biodegradable waste materials 
all over the world. In terms of the environment, the accu-
mulation of polymer garbage has become a big worry. 
[36]. Traditional polymers not only take decades to disin-
tegrate, but they also produce poisons in the process. As 
a result, polymers must be created from materials that 
can be easily removed from our biosphere in an “envi-
ronmentally friendly” manner [37]. Biopolymers are 
naturally occurring biopolymers that are generated and 
catabolized by a variety of species. Under stressful situ-
ations, they build up as storage resources in microbial 
cells [38, 39].  On the other hand, biopolymers have long 
been disregarded due to their high manufacturing costs 
and the widespread availability of low-cost petrochemi-
cal-derived polymers. As a result, now we live in the era 
of polymer, in which polymer and polymeric goods have 
become vital in our everyday lives. Massive amounts of 
non-biodegradable polymer waste products have accu-
mulated around the world as a result of the exponential 
growth of the human population. Traditional synthetic 
polymers and polymeric materials, such as polyethylene 
and polypropylene, stay in the environment for many 
years after disposal and represent a significant portion 
of total municipal solid waste in many countries [40]. 
Since the previous few decades, effective management of 
daily generated polymer waste and adequate treatment 
solutions have been a major environmental problem. The 
existence of such non-biodegradable residues and their 
toxic leachates has a negative impact on the biosphere’s 
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quality. Garbage including polymer waste necessitates 
huge landfill areas for effective disposal, and burning 
polymer waste can release harmful gases such as dioxin, 
furans, carbon monoxide, and others [41]. 

Innovative trash handling and management approaches 
may be used to limit the negative consequences of poly-
mer waste in a society, built on reducing, recovering, 
regenerating, recycling, and reusing (5 R’s) factors for 
environmental sustainability. As a result, various stud-
ies have been conducted to develop environmentally 
friendly and biodegradable polymeric materials that can 
be easily removed from the biosphere, as well as unique 
methodologies directed toward custom applications [42]. 
Biopolymers, such as starch, cellulose, natural rubber, 
gelatin, lignin, alginate, collagen, chitosan, and chitin, are 
derived from living creatures and form a diverse class of 
natural renewable polymers [43]. Biopolymers, which are 
found in or made by living organisms, are used to make 
biopolymer materials. Among them there are biodegrad-
able polymers derived from renewable sources that can 
be polymerized to make biopolymers [44]. Bacteria, fungi, 
and algae degrade biodegradable polymers that have 
been placed in bioactive environments [45]. Chemical 
hydrolysis and other non-enzymatic processes can also 
break down their polymer chains. During biodegrada-
tion, they are transformed into CO2, CH4, water, biomass, 
humic matter, and other natural chemicals. Biopolymers 
have been found to decompose 10 to 20 times faster than 

standard polymers while producing no hazardous waste. 
[46]. They are biocompatible, eco-friendly materials, with 
low  carbon footprint, and may be tailored to specific 
needs. Studies revealed that several biopolymers exhib-
ited compatible physiochemical, thermal and mechani-
cal durability as synthetic polymers.  Such characteristics 
enable their suitability for the production of biopolymers 
[47]. The present manuscript reviews the chemical com-
position of some well-known biopolymer materials and 
their applicability, biocompatibility, advantages over con-
ventional synthetic polymer as well as sustainability.

DIFFERENT TYPES OF BIOPOLYMERS AND 
THEIR UTILITY

Biopolymers are a form of biomaterial made up of 
a wide range of biodegradable polymers derived from 
various sources and materials [48]. Biopolymer polymers 
are classified into the following categories based on their 
origin, renewable sources, and key properties. Fig. 3. 
shows different types of biopolymers.

Starch-based biopolymers

Corn, wheat, potatoes, rice, and other plants provide 
a cost-effective, easy available, and annually renewable 
source of starch. The amylase and amylopectin ratios in 
starch differ depending on the starch source. The change 
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in polymer units acts as a natural regulator of starch 
material characteristics [49]. Biodegradable starches can 
be processed by injection moulding, blow moulding, film 
blowing, foaming, thermoforming, and extrusion [50]. 
The method converts starch from a monomer of lactic 
acid to a polymer chain known as polylacitide (PLA) or 
polyglycolic acid (PGA). PLA and PGA are both crystal-
line polymers that can be used to make biopolymer [51]. 
About half of the whole biopolymer market is made up 
of starch-based polymers. Starch-based polymers have 
already been used to make eating utensils, plates, cups, 
and other items. Because starch-based polymers can 
absorb moisture, they are commonly used in the manu-
facturing of medicine capsules [52].

Starch is a biopolymer obtained from renewable plant 
resources that are biodegradable, low-cost, renewable, 
and easily changed. The two main component polymers 
are amylose and amylopectin. Amylopectin is a poly-
saccharide made up of -D-glucose monomers connected 
together by 1,4-glycosidic bonds. Amylopectin is a linear 
polysaccharide made of -D-glucose monomers linked 
by -1,4-glycosidic linkages, whereas amylose is a linear 
polymer composed of -D-glucose monomers linked by 
-1,4-glycosidic links [53–55]. Strong hydrogen bonds hold 
starch chains together, resulting in a rigid structure with 
well-organized crystalline areas [56–57]. Starch may be 
made into a thermoplastic substance that can be easily 
transformed into useful shapes. Starch undergoes ther-
mal processing, which alters its microstructure, phase 
transitions, and rheology. Starch can be chemically 
altered and combined with other biopolymers to make it 
less brittle. Starch-based biopolymers are used to make 
packaging materials and culinary utensils such as cups, 
bowls, bottles, cutlery, egg cartons, and straws [58]. 
Polysaccharides, the most common macromolecules in 
both flora and fauna, are one of the most promising raw 
materials for biopolymers in the form of starch, which is 
not only renewable and sustainable but also abundant 
and cheap. Starch is biodegradable and has excellent ther-
moplastic properties [59–61]. Amylose and amylopec-
tin, two forms of glucose macromolecules, make up the 
majority of starch [62], but there are functional and struc-
tural differences between them [63], As a result, starch’s 
efficacy as biopolymers raw material is determined by its 
structure and content [64–66].

Cellulose based biopolymers

Biopolymers manufactured from cellulose or cellu-
lose derivatives are known as cellulose polymers. In the 
manufacturing of cellulose polymers, softwood trees 
are the principal raw material. The bark of the tree is 
removed and used as a source of energy in the manu-
facturing process. To remove the cellulose fiber from the 
timber, it is cooked or heated in a digester. According 
to Transparency Market Research, the digester produces 
resins and lignin’s as a byproduct. The byproducts can 

be used as a source of energy or as a starting material 
for other chemical processes. Hemicelluloses and alpha-
cellulose make up the pulp that is generated. The pulp is 
next bleached to remove any remaining resins and lig-
nin’s, as well as to minimize the amount of hemicellu-
loses in the pulp. Before being processed into pulp with 
a high alpha cellulose content, water is removed from 
the processed pulp. Cellulose esters, which are used to 
manufacture cellulose polymers, are made from the pulp. 
Cellulose esters are created by reacting of processed pulp 
with a variety of acids and anhydrides at varying tem-
peratures and concentrations, depending on the end-user 
needs. The properties and chemical composition of cel-
lulose esters are determined by the acids and anhydrides 
used in the manufacturing process.

Among the most common cellulose esters are butyr-
ate, acetate, and propionate. The most popular cellu-
lose esters product is cellulose acetate, and this trend 
is expected to continue during the forecast period. 
Among the most typical applications are thermoplas-
tics, extruded films, eyeglass frames, electronics, sheets, 
rods, and other cellulose polymers. The most common 
application category for cellulose polymers is molding 
materials, and this movement is expected to stay for 
the predictable future. Polymer is primarily made from 
nonrenewable resources such as crude oil and its vari-
ous by-products, resulting in a large carbon footprint 
during the manufacturing process. Furthermore, other 
concerns with traditional polymers, such as biodegrad-
ability and other environmental threats, have resulted in 
a rise in the figure of regulations governing their usage. 
Regulations on polymers have resulted in a boom in 
demand for bio-based polymers, which has increased 
the request for cellulose polymers.

Furthermore, one of the key development causes for the 
cellulose polymers market has been increased demand 
for electronics devices such as transparent dialers, screen 
shields, and other similar items. The most prevalent raw 
material used to create cellulose polymers is softwood, 
and an increasing number of deforestation regulations is 
a major market limitation. The easy availability and low 
cost of traditional polymers are one of the key imped-
iments to the growth of the cellulose polymers sector. 
Furthermore, cellulose polymers’ market expansion has 
been stifled by the great efficiency and cost advantage of 
traditional polymers over cellulose polymers. In the cellu-
lose ester industry, increasing research and development 
to produce high-efficiency and low-cost cellulose poly-
mers is likely to be a huge opportunity [67–68]. Non-food 
residues from agricultural waste or wood waste are often 
high in lignocellulose and hemicellulose, which serve as 
a renewable feedstock for making desirable biopolymers. 
Chemically, they are cellulose esters or derivatives that 
can be made thermopolymer under the right conditions. 
Carboxymethyl cellulose (CMC) and hydroxyethyl cellu-
lose are two water-soluble biopolymers (HEC). Because 
of their excellent tensile strength and biodegradability, 
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coir-based biopolymers are widely used as packaging 
and thermopolymer materials [69]. 

Bacteria based biopolymers

Using the polymer chain polyhydroxyalkanoate (PHA), 
which is produced inside bacteria cells, bacteria are 
employed to naturally generate a different type of biode-
gradable polymer. After the bacteria have developed in the 
culture, they are harvested and turned into biodegradable 
polymers. PHA materials were developed in nonwoven 
biodegradable polyesters for disposable items like drapes, 
gloves, and surgical gowns that could be thrown away 
after one usage. PHA can be degraded both aerobically 
and anaerobically in nature, but total digestion requires an 
alkaline media [70, 71]. Scientists have created genetically 
modified bacteria that can use organic resources to pro-
duce polymers (“PHAs”). PHAs are significant because 
they are biodegradable that does not require petroleum 
and is renewable, as scientists can synthesize the poly-
mers in the lab using the appropriate components and 
bacterial strains. PHA polymers can be extracted using 
a variety of enzymes and solvents before being processed 
into polymers (Reemmer). Bacteria make polyhydroxyal-
konoates (PHAs) when there are low concentrations of 
key nutrients (mostly nitrogen, but sometimes oxygen) 
and high concentrations of carbon sources. Because of the 
extra carbon, bacteria create carbon reserves (PHAs) to 
conserve for a time when nutrients are more available and 
they need the energy to carry out routine tasks (growing, 
reproducing, other biosynthesis, etc.). PHAs are stored 
in granules by bacteria for subsequent use. Humans can 
use these PHAs to make biopolymers since the polymers 
made by bacteria are similar to the chemical structure of 
petroleum-based polymers (Gilmore). New methods for 
synthesizing biopolymers that are biodegradable, eco-
friendly, and manufactured from plant biomass/renew-
able resources as polymer alternatives have been tested 
by researchers [72–73]. Polyesters, polyhydroxyalkano-
ates (PHAs), and polylactic acid (PLA) are examples of 
biopolymers with properties similar to conventional poly-
mers in terms of physicochemical, mechanical, and ther-
mal properties [74–76]. Under unbalanced development 
conditions, bacteria store PHAs as intracellular carbon 
and energy stores [77–80]. 

Soy based biopolymers 

Another renewable biopolymer for biopolymers is soy 
protein. Soybeans have a protein content of 40–55 per-
cent, with very little fat and oil. For proper molding into 
polymer products and films, such a large amount of pro-
tein demands the use of a suitable plasticizer. Plasticizers 
in soy-based biopolymers are typically sorbitol, glycerol, 
or ethylene glycol. Food coatings, freestanding polymers 
(used for bottles), vehicle parts, and other items are made 
with biopolymer films. [81] Because polymer goods do 

not degrade in the environment, they constitute a huge 
hazard to the ecosystem. To combat this issue, soybean 
polymers were developed. These polymers differ from 
traditional polymers in several ways, some of which are 
useful and others are not. Soy’s availability and accessi-
bility, as well as its potential for utilization, thermoplastic 
properties, low rate, and biodegradability, are the factors 
that have contributed to its popularity in the polymers 
sector. Because the physical and chemical properties of 
the raw material used to make them are strongly linked 
to the functional characteristics of the end product, a full 
understanding of soy-based materials are required for 
changing them for a variety of purposes. Additionally, 
sustainable soybean production emits fewer greenhouse 
gases, and biodegradable soybean polymers can be used 
to replace petroleum-based products for a “greener” prod-
uct lifecycle. The two most common types of soy-based 
polymers are polyurethane and polyester thermoset pro-
ducts. Soy polyols, which are generated from soybean oil, 
are used in adhesives, coatings, sealants, inks, vehicle 
panels, and urethane foam, including rigid foam insula-
tion. When made with the correct ingredients, soy poly-
ols can compete with petroleum-based counterparts in 
terms of stability, durability, and price. Because they con-
tain non-biodegradable polymer components that contrib-
ute resilience and strength to the final product, some soy-
based polymers are not biodegradable. However, many 
soybean polymers are biodegradable, and the biodegrada-
tion of soy-based polymers is comparable to that of paper. 
The final products of soy polymer decomposition are 
carbon, oxygen, water, and bio-products, also known as 
“biomass.” These polymers can be  decomposed by bacte-
ria, fungi, and other microbes to be thrown away [82–84]. 

Natural polyester based biopolymer

PLA is a thermoplastic polyester made from lactic acid. 
It’s a clear biopolymer that is used for non-medical pur-
poses including packing (film, thermoformed ampules, 
and short-shelf-life decanters). PLA is mostly degraded by 
hydrolysis and can be composted in municipal compost-
ing facilities [85]. PCL, or poly(-caprolactone), is a ther-
moplastic biodegradable polyester made by chemically 
converting crude oil followed by ring-opening polymer-
ization. PCL has a low melting point and viscosity and 
is resistant to water, oil, solvents, and chlorine, making it 
easy to process thermally. Blended PCL is used to make 
scrub suits, incontinence products, backpacks, and ban-
dage carriers. The rate of hydrolysis and biodegradation of 
PCL is determined by its molecular weight and degree of 
crystallinity. On the other hand, many bacteria in nature 
produce enzymes that can completely degrade PCL [86]. 
Poly-3-hydroxybutyrate is polyester manufactured from 
renewable raw materials (PHB). It has properties that 
are similar to petrochemical polymers. It is biodegrad-
able and creates a translucent layer with a melting point 
of over 1300 degrees Fahrenheit [87].  Polylactic acid is an 
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aliphatic thermoplastic with a wide variety of mechanical 
properties that is potentially biodegradable and biocom-
patible. PLA is created from lactic acid (LA), a naturally 
occurring organic acid obtained from renewable sources 
such as corn sugar, cane sugar, and beet sugar by micro-
bial fermentation. PLA may be made and used as an envi-
ronmentally friendly material because it creates LA when 
hydrolyzed PLA is a flexible, high-strength, high-modulus 
polymer that can be used to manufacture industrial pack-
aging materials or biocompatible medical equipment. PLA 
is really easy to work with, and it may be made in a variety 
of ways, including molded parts, films, and fibers, using 
typical plastic equipment. L and D are the two isomers 
of LA, a chiral molecule possessing two isomers. These 
monomers can be polymerized into crystalline or amor-
phous high-molecular-weight polymers such as pure poly-
L-LA (PLLA), pure poly-D-LA (PDLA), or poly-D-LLA [88]. 

Miscellaneous biopolymeric materials

Polyamide-11 (PA 11) is a biopolymer made from non-
biodegradable vegetable oil. Applications of PA 11 are 
highly specific, including packaging, automotive fuel/
oil/gas pipeline, pneumatic airbrake tubing, anti-termite 

electrical cable sheathing, sports shoes, bio-medical cath-
eters, etc. [89]. Water-soluble biopolymers poly (aspartic 
acid) and poly (glutamic acid) have been used as deter-
gent builders, scale inhibitors, flocculants, thickeners, 
emulsifiers, and paper-sizing agents. Poly (vinyl alcohol) 
is the only water-soluble polymer that is considered bio-
degradable, and it is currently used as paper coatings, 
adhesives, and films in the textile, paper, and packag-
ing sectors [90]. In addition, microalgae have also been  
used for the production of biopolymer [91]. Several agro-
wastes, as well as renewable biomass, have been effec-
tively applied for the formation of biopolymer [92]. In 
a pioneer study, biopolymer from rice straw was obtained 
having similar mechanical properties to cellulose and 
polymers [93]. In another study, S. Sharma et al fabricated 
binary biopolymers from whey, natural rubber latex, and 
egg white albumin [94].

BIOCOMPATIBILITY 

Biopolymer has also been proven to be useful in the 
biomedical field. It has  been discovered to be effective 
for intracellular transport and long-term release of ther-
apeutic drugs into the acidic environments of cancers, 
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inflammatory tissues, and intracellular vesicles that hold 
foreign materials, among other applications [95, 96]. It 
has also been found to be effective for bone healing and 
implant placement [97]. Degradation of the biopolymer in 
a living system does not create an inflammatory acid, but 
rather membrane-permeable compounds that allow all 
of the polymer’s components to diffuse outside the cell. 
This means that byproducts should not accumulate in 
a patient’s tissue and cause inflammation. Furthermore, 
there is no need for post-treatment surgery to remove the 
frame, screws, or supporting rod [98]. Degradable bio-
medical waste is produced after usage, which may be 
safely degraded. Biopolymers are now used to make bio-
degradable implant devices, target-specific medications, 
tissue engineering aids, fake breasts, polymer surgery 
materials, and catheters, among other things.

SUITABILITY OF BIOPOLYMER IN ACCORDANCE 
WITH SUSTAINABLE CHEMISTRY PRINCIPLES

Biopolymer finished products are also made, used, and 
disposed according to sustainable or green chemistry 
principles [99]. There are twelve principles of sustainable 
green chemistry depicted in Fig.4. Biopolymers are made 
of biopolymers derived from renewable biomass (agri-
cultural waste, animal biomass, microorganisms, and so 
on), therefore there are no hazardous emissions or envi-
ronmental depletion during the manufacturing process. 
The process of producing biopolymers from renewable 
biomass is also an energy-efficient and low-carbon pro-
cess. Biopolymers are biodegradable and environmen-
tally friendly materials. Their decay is similar. During 
the biodegradation of biopolymer acid, carbon dioxide is 
released, which can be easily absorbed by green plants 
during photosynthesis. Biopolymer recycling is also an 
environmentally friendly and cost-effective method of 
acquiring high-quality recycled material [100]. The strate-

gic use of biopolymers may result in a reduction in pollut-
ant load, which is a requirement of a sustainable society 
and a clean environment. As a result, biopolymer is seen 
as a sustainable option for the long run. It is completely 
natural and does not cause dangerous chemicals to be 
released into the environment.

ENVIRONMENTAL FATE AND SUSTAINABILITY

Biopolymer is created to degrade when exposed to the 
action of live organisms. Practical methods and products 
derived from polymers such as starch, cellulose, and lactic 
acid have advanced significantly. Microorganisms such 
as bacteria, fungus, and algae use enzymes to decompose 
biodegradable polymers that have been deposited in bio-
active environments [101]. Environmental sustainability 
is the crucial aspect of biopolymer shown in Fig. 5. 

Polymer chains can also be broken down by non-enzy-
matic processes such as chemical hydrolysis. During 
biodegradation, they are transformed into carbon diox-
ide, methane, water, biomass, humic matter, and other 
natural compounds. Because the world creates so much 
waste, research into making biopolymers consisting of 
biodegradable materials has sparked a lot of interest. 
The creation of biodegradable polymers has numerous 
advantages. Starch-based polymers are more environ-
mentally friendly than standard polymers, degrading 10 
to 20 times faster. It has been proven that biodegradable 
polymers increase soil quality. This process occurs when 
microbes and bacteria in the soil digest the debris, result-
ing in more fertile ground. When non-biodegradable or 
compostable biopolymers are dumped carelessly, they 
have no negative impact on the environment. Biopolymer 
development can also be viewed in the context of green 
chemistry’s renewable alternative. The biopolymers man-
ufacturing method aids in the efficient use of renew-
able feedstocks and biomass, which reduces the usage 

Plant based materials
(Cellulose, starch, collagen, polyester etc.)

Fermentation Bioplastic produts
(Eco-friendly and biodegradable)

Fig. 5. Environmental sustainability of biopolymers
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of petroleum byproducts and the emission of CO2 origi-
nating from fossil fuels. Furthermore, biopolymer waste 
treatment uses less energy and emits less greenhouse 
gases [102]. Microbial mechanisms allow biodegradable 
biopolymers to decompose into natural components and 
integrate harmlessly into the soil [103, 104]. Water and/or 
oxygen contribute to the decomposition process. When 
a biopolymer made from cornstarch is composted, for 
example when buried, the cornstarch molecules slowly 
absorb water and swell up. This allows the starch bio-
polymer to decompose into small pieces that bacteria 
may easily eat [105–106].

MARKET TREND AND FUTURE ASPECTS

Because of the natural availability of raw materials, 
their tailor-made advantages, biocompatibility, and ease 
of valuation, biopolymer is increasingly being used in 
the creation of a variety of domestic, biomedical, and 
industrial objects. During the previous two decades, the 
global consumption of biopolymer finished products has 
surged by several orders of magnitude. The target mar-
kets for biopolymers include packaging materials (trash 
bags, wrappings, loose-fill foam, food containers, film 
wrapping, laminated paper), disposable nonwovens 
(engineered fabrics), hygiene products (diaper covers, 
cotton swabs), consumer goods (fast-food tableware, 
containers, egg cartons, razor handles, toys), agricul-
tural tools (mulch films, planters), and biomedical tools. 
Infrastructure for the proper disposal of biopolymers in 
bioactive environments must be developed for future 
growth [107]. It is also necessary to minimize the cost of 
biopolymer finished products by using cheap and envi-
ronmentally safe polymer additives, such as sorbitol as 
a plasticizer, natural color and dyes, rather than synthetic 
pigments that include heavy metals and toxic organic res-
idues. Biopolymers’ long-term viability is directly depen-
dent on societal acceptance. As a result, widespread con-
sumer understanding of biopolymer’s safe and effective 
use, composition, environmental fate, suitable compost-
ing, and waste management solutions is necessary [108]. 

This could help to define the future biopolymer market 
while also promoting the agriculture as a source of raw 
materials. [109]. Following food and textiles, the “organic 
revolution” is now expanding to materials, with biopoly-
mers becoming fashionable and receiving a lot of media 
attention, even though current production quantities are 
only about 1% of yearly polymers output. Biopolymers 
have been “revived” by rising oil prices, intensifying 
consumer consciousness and environmental alertness, 
refining feedstock and process economics, greater prod-
uct worth, and scale of the process. Other variables that 
drive biopolymers research and development include 
rural development: a source of added value and employ-
ment. New assets that are interesting or a blend of inter-
esting characteristics (degradability, haptics, weight, etc). 
Diversification of feedstocks (less dependence on crude 

oil, which is finite). [110–114]. Farmers gain from biopoly-
mers feedstock, which is often grown in rural regions 
[115].

CONCLUSION

Biopolymers are natural substances produced and 
catabolized by a variety of organisms, and they have 
a wide range of biomedical and biotechnological appli-
cations. They are made of renewable biomass and are bio-
degradable, biocompatible, and environmentally friendly. 
Their biological composting and recycling technology set 
a new standard for waste management. In comparison 
to other synthetic polymer products, biopolymers have 
a significant benefit. Biopolymers are a form of biomate-
rial that can be used in a variety of ways. To become more 
widely used in society, cost-effective biopolymer goods 
with a relatively short lifespan must be commercialized. 
Suitability assessment of biopolymer finished products 
requires a comprehensive approach and cutting-edge 
research to increase biocompatibility, tensile strength, 
and degradation mechanisms. The biopolymers busi-
ness has a bright future, fueled primarily by consumer 
demand.
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