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Abstract

This review article gives an outline on bio-plastics; their advantages over the conventional plastics, their growth industrially.

Despite being known to have very obvious environmental advantages over the conventional plastics, the synthesis of bio-plastics

in the industrial sector is still in its very nascent stage owing to the lack of standardization process globally and also the large scale

synthesis process is still very expensive for the industries. In this review, various ways of synthesis of different types of bio-plastics

have been discussed. In this context, it is expected that the use of genetically modified organisms capable of producing bio-plastics

may prove to be a very economical and a useful way of synthesis in the near future.
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Introduction

Bioplastics are organic plastics synthesized or produced from
biological sources which have airtight and waterproof properties.
These are basically biomaterials produced by a range of microbi-
al sources and/or plants under different and sometimes starved
nutrient and environmental conditions. These biomaterials or
polymers of carbon based compounds are bio-degradable and en-
vironment friendly. Some of these even possess superior qualities
like biocompatibility than conventional plastics and this proper-
ty makes them very beneficial for particularly; medicine and food
industry; where packaging material should be biocompatible and
biodegradable [1]. Adding to it, they have several other advanta-
ges such as, (i) they have much lower carbon footprint than con-
ventional plastic which is a petroleum derived product, (ii) they
are independent, made from renewable resources, (iii) synthesis
of bio-plastics is an energy efficient process than the synthesis of
conventional plastics, (iv) bio-plastics generate less greenhouse
gases and contains no toxins, hence are eco-safe; compared to their
petrochemical counterparts, they have a potential to reduce nearly
80% of global warming [2]. On the other hand, petroleum derived
plastics leads to a “land-fill problem” (about 40% of produced plas-
tics are discarded into land-fills every year), not bio-degradable,
biggest environmental problem of conventional plastics is their ac-

cumulation in the oceans which in the recent studies has shown to

be very toxic for the aquatic animals, according to a report appro-
ximately 43% of marine mammal species, 86% of sea-turtle, and
44% of sea-birds are susceptible to ingesting marine plastic debris
[3]. Moreover, conventional plastics may take upto 1000 years to
degrade and during that period they emit potentially harmful gre-

en-house gases such as CO, and CH,.

Owing to the environmental/economic and social reasons men-
tioned above, the researchers and scientists have now focused
their attention towards synthesis of bio-plastics. The bio-plastic
industry is still in its initial stages of development and occupy a
very small but emergent share in the market. European market is
continuously expanding, and it ranks highest in the field of research
and development of bio-plastics. Asia is the major production hub
of bio-plastics, and in 2017 more than 50% of the total bio-plastics
were produced in Asia. Japan has been the leader in bio-plastics
industry and the bio-plastics are extensively used in the automo-
biles and electronics industry as well [4]. Whereas regions such as
USA and Latin America have now started to invest in bio-plastics
industry. Owing to their beneficial use in packaging materials, ca-
tering products, electronics, automotive, agriculture/horticulture,
and toys to textiles, it is estimated that the global demand would

increase per year by 19%.
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This slow growth of bio-plastics industry can be attributed to
the lack of Standardization process of bio-plastics. Though it was
initiated in Europe and USA, but till date there is no standardi-
zed and universal practice on the definition of bio-plastics. There
is no legislature to regulate the amount of renewable compound
present in the bio-plastic to be called as a “bio-plastic”. However,
scientists follow “plastic spectrum” which helps them in decisi-
on-making about the plastic selection (Figure 1). According to this
spectrum [2], bio-based bio-plastics which are completely bio-de-
gradable plastics are at extreme right of the spectrum and are most
preferable while PVC (Polyvinyl Chloride) based toxic plastics are

at extreme left which should completely be avoided.

Figure 1: Plastic Spectrum. Red Color indicates the level
of hazard and this kind of plastic should be completely avoided,
on the other hand, green color indicates eco-friendly bio-based
plastic which is much more preferable. PVC (PolyVinyl Chlo-
ride), PU (Polyurethane), Ps (Polystyrene), ABS (Acrylonitrile
butadiene styrene), PC (Polycarbonate), PET (Polyethylene
terephthalate), PE (Polyethylene), PP (Polypropylene). (Adapted

from Arikan and Ozsoy, 2015).

Besides this, bio-plastics often suffer from thermal instability,
brittleness, difficult heat saleability, low melt strength, high water
vapor and oxygen permeability and poor mechanical properties.
Other disadvantages include: Bio-plastics may contaminate the re-
cycling process if not separated from conventional plastics and all
bio-plastics are not compostable at home like organic food waste
but it may require an industrial composting treatment. The syn-
thesis of bio-plastics cost approximately twice more than the con-

ventional plastics, their large scale production is still a challenge.
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However, researchers are continuously searching for the cheaper
and effective ways to produce bio-plastics like, (i) by developing
recombinant strains, (ii) improving the fermentation process by
using inexpensive carbon sources as substrates such as sugar cane
molasses, corn syrup, corn steep liquor etc., (iii) improving down-
stream processing steps, (iv) improving product recovery steps
like solvent extraction, digestion, dispersion [5,6]. Thus to improve
the effectiveness of bio-plastics, new bio-polymers and production

technologies are regularly being researched.

Classification of bio-plastics

Broadly, bio-plastics may be categorized into three classes

based on their origin and process of production [4].

Bio-polymers directly extracted from biomass; such as starch
and cellulose based polymers and casein and gluten based biopoly-

mers.

Starch is the major storage form of glucose in plants. It is com-
prised of two components; amylose (glucose units are linked to
another glucose molecule by a-1,4 linkage in a straight chain) and
amylopectin (glucose units are highly branched linked by a-1,6
linkage). The one unique property of starch is its hydrophilicity;
it can be oxidized and reduced and can engage in the formation of
hydrogen bonds, ethers or esters. Because of this property, when
starch is mixed with some other hydrophobic plolymers, it increas-

es its degradation rate such as in “plastarch material” [7].

Cellulose is the most abundant naturally occurring polysaccha-
ride and is obtained from delignification from wood pulp. Cellulose
based bio-plastics such as “cellophane film” are biodegradable and
are synthesized by some chemical treatment of cellulose xanthate.
The esterification or etherification of free hydroxyl groups of cellu-

lose based derivatives makes them an efficient bio-plastic [8].

Pectin is another macromolecule constituted of galactouronic
acid linked by a-1,4 linkage. The carboxyl groups can be easily es-
terified with methanol and this ratio of esterified or non-esterified
determines the property of pectin based bio-plastic [9,10]. Chitin is
the second most abundant polymer found in nature after cellulose.
They are the structural components of the exoskeleton of arthro-
pods or in the cell walls of fungi and yeasts. Extraction of purifica-
tion of chitin leads to the production of chitosan which is further
used for synthesis of bio-plastic [11]. Other polymers used as plas-
tics include some protein based biodegradable polymer such as soy
protein, corn protein (Zein), wheat protein (gluten), casein, colla-

gen, gelatin protein etc. [12].
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Bio-polymers synthesized by using renewable monomers; such

as Poly-lactic acid synthesized from Lactic acid.

PLA based plastics are produced from fermentation of starch
rich substances like maize, wheat, corn into lactic acid. PLA based
bio-plastic are thermoplastic, biodegradable polyester having
enough capacity for packaging purposes. The strength and proper-
ties of packaging material made of PLA based bio-plastic depends
on the ratio of two optical isomers (D or L) of lactic acid mono-
mers. 100% L-PLA results in high crystallinity and 90%D/10%L-
PLA result in polymerizable melt [13]. “Mulch film” is one such
example of PLA based bio-plastic [14].

Polyhydroxy-alkanoates (PHA) are produced by bacterial fer-
mentation of lipids or sugars. Bacteria store their carbon and en-
ergy in the form of PHA. In industries, they are prepared by op-
timizing the conditions for sugar fermentation by bacteria. PHA
is more ductile and less elastic and mainly used in the medicinal
industries. To improve their properties, the researchers combine
PHA with different monomers so as to give enhanced proper-
ties [4]. PHB (polyhydroxy-butyrate) is one such PHA produced
by many bacterial species such as Alcaligenes eutrophus, Bacillus
megaterium, Methylobacterium rhodesianum, Pseudumonas putida
etc. The bacteria produce PHB either under nutrient deprivation
or along with the growth in the media. Its properties are similar
to the polypropylene plastics and their production is increasing
every year [15]. PHB has a melting point higher than 130 degree

Celsius and is completely biodegradable.

Polyamide 11 is the biopolymer obtained from natural oil such
as from castor seeds. It is marketed under the trade name of “Rilsan
B” and is not completely bio-degradable. It is used in automotive

fuel lines, electrical cable, gas pipes, shoes, catheters etc. [1].

Bio-polymers produced by microorganisms or genetically mod-

ified bacteria; such as polyhydroxy alkenoate.

Microorganisms produced by genetic modification of micro-
organisms may be a great source of bio-plastic synthesis. GM fungi,
bacteria, algae, plants have already been proved to be an efficient
bio-plastic producer [5]. These recombinant strains are genetically
modified so as to give a high yield of bio-plastics. The genetically
modified strains have various advantages over the naive ones such
as high cell density, use of cheap carbon source for fermentation
may be preferred which further makes the synthesis of bio-poly-

mers profitable.
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Conclusion

Bio-plastic industry is still in its very native stage because of
certain shortcomings such as lack of a universal standardization
process, high production cost, low recovery, etc. There is a lot of
scope in this industry; such as the use of genetically modified or-
ganism may improve the production process with the use of less
expensive media and high recovery process. Also, there is an urgent
need to standardize all details of bio-plastics like for production,
their usage, their composition, waste management and risk assess-
ment. Bio-plastic production in sufficient quantity and that too in
an energy efficient process could be a promising biotechnological
application which may bring a revolution where harmful plastic

may be replaced by eco-friendly bio-plastic.
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