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BIOPLASTIC: A boon to Degrading environment
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/ Abstract Petroleum-based plastics have come under a lot of surveillance in the past decadx

owing to the properties that made them endless items; their durability and expendability. The
exploitation of such features during the industrial era has now resulted into the major
environmental issue of plastic pollution. Bioplastics are being considered as an environment-
friendly alternative. However, not all materials under this category are the same and this has
caused many misconceptions about the asset and its after-life processing, which has led to
illusioned perception of people about its use. Proper disposal and sorting procedures required
for many of these bioplastics are not well known, which affects their optimum degradation. This
review aims to: (i) outline the production and properties of the most prominent bioplastics
along with their impacts on the environment and the economy, (ii) discuss the differences
between oxo and hydro biodegradable materials, (iii) explore the superiority of bioplastics
compared to conventional plastics, and (iv) enumerate the future directions that can help them
become a ubiquitous asset . Proper knowledge of the various bioplastics and the implementation

INTRODUCTION TO BIOPLASTICS 0Oxo and hydro-biodegradable Bioplastics

On the basis of degrading mechanism of bio plastics

The bio-plastics are a family of plastics which are  they are classified into two main categories that is
obtained from fossil materials, biomass or renewable
resources .The monomers obtained from these bio
material are further polymerized through chemical  biodegradable plastics are obtained from petroleum
means. These can be biodegradable or non
biodegradable but are acquired from renewable
substrate such as cellulose , vegetable oils or fats etc.  manganese or iron salt (pre-degradant ) that catalyses
The decomposition of bio plastics depend upon the
composition,degree  of  crystallinity, molecular
weight,melting temperature and other environmental ~ are mainly obtained from naptha, a by product of oil or
factors which leads to decomposition time from many
days to many years.

Oxo-biodegradable and hydro-biodegradable . Oxo-
based polymers mixed with a metal salt such as
the plastic’s decomposition process. Nowdays, these

natural gas. Intriguingly the time taken by

. E o . X biodegradable oxo products to decompose can be
Bio plastics are broadly classified on the basis of their

degradation mechanism or the structural composition ~ Mechanized at production. The decomposition of oxo

they have .[1] -biodegradable products usually take months to

years.These are degraded
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using additive in reaction with oxygen and it is carried
in the presence of sun light .The polymer remain as
small fragments in nature called oxo- fragmentation
as these are not completely degra ded.[ 2] Hydro-
biodegradable plastics are mixtures of petroleum
based plastics and natural polymers such as starch
.These plastics depend upon the hydrophillic nature
of the polymer for their degradation into smaller
fragments. These are decomposed much faster as
compared to oxo- biodegradable plastics.These are
first chemically degraded by oxidation and then by
hydrolysis.After their decomposition the end
products will be water, carbondioxide and mostly

biomass.[3]

Oxo-biodegrable Hydro-
plastics biodegradable

PLASTIC : A NOXIOQUS SUBSTANCE

The most hazardous feature of plastic is that it takes
millions of years to get degraded and in between
these years plastic emit many harmful pollutants to
the environment .Plastic is a major contributor of
both land and water pollution also .It harm the
marine life leading to ingestion,suffocation and
entanglement of thousands of marine species.
Waste from plastics bags poses a serious threat to
human and animal health. Harmful substances are
emitted into the soil when these bags perish under
sunlight and if they are burnt they cause surrounding
air pollution. [4][5]

The plastics have detrimental effect on animals also
as they get often confused with bags for food. If they
consume them and their digestive system get
blocked.

Plastic bags have caused a serious problem for
agriculture land also .Plastic bags are accountable for

the tumbledown of the atmosphere and agricultural
land, which has unintentionally used up precious
earth resource.[6][7]

BIOPLASTIC : A EXPEDIENT ASSET

Bioplastic have always been a boon to degrading
environment . It not only reduces the problems
caused by plastic but also provide benefits to the
environment by adding soil fertility. Bio-plastic are
environment friendly as they are derived from
renewable feed stocks. It also reduces greenhouse
gas emission. Use of bio-plastic leads to low
accumulation of bulky plastic material on the land
reducing injuries to the environment and also
reduction in the cost of waste management. The
biodegradable bio-plastics get easily degraded to
natural material with the help of water or air through
microbial mechanism and they get blend with the soil
without causing any problem. For e.g. in case of corn
starch derived bio-plastic , when decomposition takes
place, corn starch molecules slowly absorb water and
swells up whenever they are buried. This leads to the
fragmentation of starch bio-plastic.

These fragments are easily digested by the bacteria.
Also production of PLA bioplastics saves the two

third of energy as required by the traditional plastics.
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In particular, PLA emits 70% less greenhouse gases
as compared to plastics when it degrades in landfills.
Such examples of biodegradable bio plastic gives us
anew hope of better environment in presence of
plastic. This gives us assurance that future

production of new bio plastic can be done by using

renewable energy resources .[8][9]
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Sources of bioplastics

There are many sources of bio plastics depending
upon the type of bio plastic we want to produce or
which chemical and physical properties we want in

our bio plastic .

Bio plastic from starch

Starch is a biodegradable bio polymer obtained from
renewable plant resources which can be easily
modified into suitable thermoplastic which can be

further easily formulated into usable forms. Starch
based bio plastic are productively used for

packaging items and for the production of utensils
such as cups, cutlery, egg cartons etc.[10]

Bio plastic from seaweeds

Seaweeds are excellent sources for the production of
bio plastics . Using seaweeds can reduce the impact
on the food chain also they have ability to grow in a
various kinds of environmental conditions . The most
frequently used seaweed type in industries contain
polysaccharides such as galactans, carrageenan, agar
etc. The major feature of seaweeds is that they are
associated with sulphate and methoxy groups due to
which sea weeds get negative charge. Due to this
negative charge , they get interacted with a number
of cation leading to the formation of gels . These

gels are much applicable in industrial works. It is also
been found that water bottles can be made from sea
weeds . Seaweed polysaccharides are beneficial in
food industries also aiding in texture modification ,
colloidal stabilization and shelf-like extension.[11]

Bio plastics from cyanobacteria

Bio plastics can be obtained from the cyanobacteria
that use sunlight for the process of photosynthesis.
Genetically engineered cyanobacteria can produce
self synthesized glucose which further get converted
to acetyl-CoA then converted to acetoacetyl-CoA
then converted to Beta hydroxy butyrate granules
and finally to PHB. This biodegradable and
environment friendly PHB can be collected and used

to form bio-compatible bio-plastics. [12][13]

"O €H THs CH2: B

|__Fig. The structure of PHB plastic—_|
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Bio plastic from crab shells and tree residual

An alternative for the plastic packaging can be made
from the crab shells and tree fibers. This was done by
Jie Wu (2014) .He made a novel bio plastic from the
discards of trees and crab shells. This new bio plastic
can be made by spraying multiple layers of chitin
from crab shells and tree fibers to form a flexible film.
This new bio plastic is better , more efficient and
more safer to keep liquids and foods as compared to
fossil fuel based plastic PET. This new bio plastic
keeps the food more refresh for longer by reducing
the oxygen permeability to 73%. [14][15]

Bio plastic from hydroxyester family

Bio plastic made from hydroxyester family are
highly efficient, biocompatible , biodegradable and
environment friendly in nature.

PHA

(polyhydroxyalkanoates) is a class of bio plastic
which are made from polyhydroxy ester family. This
bio plastic can be made from methane produced
from wood biomass, landfills, compost facilities ,
feedstock in waste management facilities etc. Thus
bio plastic can be easily digested by marine
organisms when it reached into the ocean and get
decomposed into methane. It id commonly used in
table ware disposable articles , waste wrapping and
also has applications in biomedical engineering,
used as drug delivery system.[16]

]

(o] CH CH2—C

Application of bio-plastics

Bio plastic has vast application in many fields like in

medical , food service , consumer electronics ,
aerospace and automotive , cosmetics etc.

1. Packaging and bags

The bio plastics used for packaging have shown many
benefits and efficiency. These are better than plastics
as they maintain a good quality of food which is kept
in them. The food remains fresh and less toxic . Bio
plastic cutlery , tableware, bags and bottles have also
been made which showed a great advantages over
plastics

2. Medical Equipment Non toxic varieties of
biodegradable plastic have been widely used for
making medical tools like sutures in heart operations.
These bio based sutures are very easy to sterilize and
getting easily mixed up within the body. Also
PolyActive and OctoDEX biodegradable polymers
have been effectively used for site specific drug
delivery .

3. As a tool for Tissue engineering In tissue
engineering applications, biopolymers have proven
useful in replacing biogenic materials that could
induce an immunogenic reaction due to non- specific
host response

P4HB hydrogel Variable stretchness

%

> 2 &l .
Vertical as well as horizontal Implantation of SMC in pulmonary
stretchness with SMCs artery of sheep model
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4. Bioplastics Polymers as Implants In Vivo

Biobased polymers have often been considered
preferable materials for two kind of implantable
medical devices: adhesion barriers and stents. The
former are used in post-surgical scenarios to
reduce tissue adherence and inflammation. The
latter are instead used to maintain the blood flow in
diseased arteries, typically after thrombotic events
or to prevent a build-up of arteriosclerotic plaques.
Yamaoka and colleagues [23] substituted the
epithelial tissue around the caecum and the
pericardium around the hearth of Wistar rats with
electrospun membranes composed by different
PLA/PEG ratios.

APPLICATIONS
In use of ubiquitous tools
Bioplastics “
Ho. o "
Pt T

polylactic acid

In medical equipments

Source
https://www.polybags.co.uk/packaging
/biodegradabl e-ba gs.ht m

CONCLUSIONS

Plastic pollution and fossil fuel depletion are the two
major confrontation of the world. Though bioplastics
have beneficial impacts on reducing greenhouse
gases (GHGs) emissions and improving the
environment by conserving fossil fuel resources, the
biodegradability of bio-based plastics at different
environmental conditions is still equivocal.
Statistically, 79% of the total waste plastics is
directed towards the landfill, which paced up the
problems like marine litters and micro-plastic
pollution. Besides, the incineration of plastics waste
is producing toxins that have detrimental impacts on
the environment and human health. Since Petro-
chemical based plastics have many disadvantages i.e.,
they cause environment pollution, from the
manufacturing to recycling they produce toxic gases,
etc. Moreover, eating food from plastic containers
may cause cancer as it is widely used in packaging.
We should switch to bio plastic, as it is renewable,
bio-degradable, eco-friendly and sustainable option
in comparison to Petro-chemical plastics. Hence, the
research and development in the field of bio plastics
is much needed & should been encouraged.
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