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Plastic is a broad name given to different polymers with high molecular weight, which can be
degraded by various processes. Biodegradation of plastics by microorganisms and enzymes
seems to be the most effective process. When plastics are used as substrates for
microorganisms, evaluation of their biodegradability should not only be based on their chemical
structure, but also on their physical properties (melting point, glass transition temperature,
crystallinity, storage modulus, etc.). Bio-plastics are a green and sustainable alternative to
traditional Bio-plastics or organic plastics are a form of plastics derived from renewable biomass
sources, such as vegetable oil, corn starch, pea starch or micro biota. Bio-plastics are 100%
biodegradable, compostable or recyclable. Biodegradable plastics are seen by many as a
promising solution to this problem, because they are environmentally-friendly.
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INTRODUCTION

through the conversion of sunlight into energy.
The researchers have transferred the gene that
codes for this enzyme into the plant; as a result
the plant produces plastic through its cellular
processes. The plant is harvested and the plastic
is extracted from it using a solvent. The liquid
resulting from this process is distilled to separate
the solvent from the plastic. They can be derived
from renewable feedstocks, thereby reducing
greenhouse gas emissions. For instance,
polyhydroxyalkanoates (PHA) and lactic acid (raw
materials for PLA) can be produced by
fermentative biotechnological processes using
agricultural products and microorganisms.
Biodegradable plastics offer a lot of advantages

Bio-plastics are a green and sustainable
alternative to traditional Bio-plastics or organic
plastics are a form of plastics derived from
renewable biomass sources, such as vegetable
oil, corn starch, pea starch or micro biota.
Bio-plastics support the earth by offering a
reduced carbon footprint, and a reduced use of
fossil resource .Bio-plastics are 100%
biodegradable, compostable or recyclable. Plants
are also becoming factories for the production
of plastics. Researchers created Arabidopsis
thaliana plant through genetic engineering. The
plant contains the enzymes used by bacteria to
create plastics. Bacteria create the plastic
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enzymatic degradation of plastics, we will
discuss them from two sides: one aspect is
based on microbial (enzyme) characteristics and
the other is on characteristics of the plastics.
Microbial (enzyme) characteristics imply
distribution and kinds of microorganisms, as well
as their growth conditions (such as, pH,
temperature, moisture content, oxygen, nutrients,
etc.), and types of enzymes (intracellular and
extracellular enzyme, exo- or endo- cleavage
types). An interesting question is, “what are the

such as increased soil fertility, low accumulation
of bulky plastic materials in the environment
(which invariably will minimize injuries to wild
animals), and reduction in the cost of waste
management. Furthermore, biodegradable
plastics can be recycled to useful metabolites
(monomers and oligomers) by microorganisms
and enzymes. A second strategy involves
degradation of some petroleum-derived plastics
by biological processes. A typical example can
be seen in the case of some aliphatic polyesters

Figure 1: Production of Different Biodegradable Plastics and Bio-based Plastics

Figure 2: Biodegredable Plastics

such as PCL and PBS that can be degraded with
enzymes and microorganisms. Studies have also
shown that polycarbonates (particularly the
aliphatic types) possess some degree of
biodegradability.
Prior to the widespread applications of
biodegradable plastics, it is important to evaluate
and understand the mechanisms involved and
the microorganisms that are associated with
biodegradation. Regarding microbial and
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characteristics of plastics that can effectively
promote the biodegradability of plastics?” Usually
our main focus has been on the chemical structure
of polymers with respect to the biodegradability
of water-soluble polymeric materials.

GLOBAL PRODUCERS

NEED OF THE HOUR

The production of bioproducts from various
biological feedstocks has been explored in an
effort to enable sources of renewable and
biodegradable plastics. However, improved and
additional methods for processing biomass into
bioplastics are needed for commercial viability
and/or feasibility to be established. Biodegradable
bioplastic in the form of polyhydroxyalkanoates
(PHA) (or more specifically polyhydroxybutyrates
(PHB)) may be produced from genetically
engineered Escherichia coli grown on waste
carbon sources.

US, Europe and Asia pacific are the top producers
of bioplastics in the world.

METHODOLOGY

Bio-plastics from renewable origin are a new
generation of plastics able to significantly reduce
the environmental impact in terms of energy
consumption and green house effect in specific
applications. Today bio-plastics and starch based
plastics are used in special industrial applications
where bio degradability is required .Example are
composting bags and sacks, cups cutlery and
plates. Biodegradability is a material property that
depends much on the circumstances of the

The present disclosure in aspects and
embodiments addresses these various needs and
problems by providing methods, compositions,
reagents, and kits for producing bioplastics from
algae, the method including processing algae to
yield an aqueous phase containing glycerol, and
fermenting the aqueous phase with a bioplasticproducing bacteria to yield bioplastics.

biological environment (human body differs from
soil). Given that this is the case, it could be said
that making a product such as a plastic bag
compostable does not make much sense,
because this biodegradability performance will
not resolve the litter issue (different conditions in
the compost and on soil).

Figure 3: Starch Based Bioplastics
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biodegradable. The range of applications for
bioplastics is growing, from materials used in
automobile interiors to packaging for foods and
cosmetics, to agricultural sheeting, to household
appliances.

Bioplastics are made from a compound called
polyhydroxyalkanoate, or PHA. Bacteria
accumulate PHA in the presence of excess
carbon source. Poly 3-hydroxy butyric acid (PHB)
is the most common microbial PHA. The main
process involved in making the biopolymers is
detailed below:

We have our own proprietary process for
polymerizing lactic acid, and we provide licenses
for this production process.

FERMENTATION
The two ways of fermentation can be used to

Production Process for Polylactic Acid

create biopolymers and bio-plastics:

There are two methods for manufacturing PLA
from lactic acid: the first method uses the cyclic

• Lactic Acid Fermentation: In this process, after

lactic acid dimer called lactide as an intermediate

the lactic acid is produced, it is converted to

stage; the second method is direct polymerization

poly-lactic acid using traditional polymerization

of lactic acid. The method using the lactide

processes.

intermediary yields PLA with greater molecular

• Bacterial Polyester Fermentation: It is the

weight.

process by which bacteria can be used to
create

polyesters.

Bacteria

called

Figure 4: Production Process of PLA

Ralstoniaeutropha, Ralstoniaeutropha,
Bacillus megaterium, Ralstonia spp.,
Pseudomonas putida, Pseudomonas spp.,
Bacillus mycoides, Alcanivoraxborkumensi,
Rhodococcusruber, etc. or other suitable
bacterial species use the sugar of harvested
plants, such as corn, to fuel their cellular
processes. The by-product of these cellular
processes is the polymer. The polymers are
then separated from the bacterial cells.

Production Process for Polylactic Acid
(PLA)

BIOPLASTICS FOR AN
ENVIRONMENTALLYFRIENDLY WORLD

Polylactic acid (PLA) is the most common
bioplastic in use today. First, corn or other raw
materials are fermented to produce lactic acid,
which is then polymerized to make polylactic acid
(PLA). Bioplastics are expected to make major
contributions to environmental protection,
because they reduce CO2 and because they are

Plastics are key materials in manufacturing the
day-to-day items we use, from containers and
bowls to chairs and tables. Plastics are carbon
polymers mostly constructed from petroleum

This article can be downloaded from http://www.ijlbpr.com/currentissue.php
38

Int. J. LifeSc. Bt & Pharm. Res. 2014

Shanaza Khazir and Sneha Shetty, 2014

The production and use of bio-plastics is generally
regarded as a more sustainable activity when
compared with plastic production from petroleum,
because it relies less on fossil fuel as a carbon
source and also introduces fewer, netnew greenhouse emissions if it biodegrades.
They significantly reduce hazardous waste
caused by oil-derived plastics, which remain solid
for hundred of years.

which is the most natural form of traditional
plastics. Bio-plastics is a recycled plastic which
takes previously used plastics and either
combines it with virgin materials or other recycled
plastics. Another environmental friendly option for
bio-plastics is a class of bio-plastics that are
biodegradable and can be made of either
petroleum or biological material. Plastics such
as polystyrene (polymerized styrene, CH2=CHC6H5),
polyethylene (polymerized ethylene, CH2=CH2),
or polypropylene (polymerized propylene,
CH2=CHCH3) are molded into a wide variety of
everyday and specialized products—for instance,
eating utensils, coffee cups, synthetic fabrics, park
benches, automobile parts, and surgical implants.

Natural fibre reinforced polylactic acid is
categories as green composites material. It was
manufactured for an alternative product for
disposable packaging such as agriculture bag,
kitchen utensils and medical apparatus. The
incorporation of natural fiber such as kenaf in
PLA matrix will improve their physical and
mechanical strength performance thermal

Environmental consideration has been taken
into account for the development of plastic

Figure 5: Compostable and Sustainable Bio Plastics

composites. The addition of natural fibre to natural
or bioplastic appears very promising for the
development of environmental friendly materials
with its unique ability of bio-degradable and
promising strength properties. Bioplastics are a
form of plastics or polymer that been
derived from renewable biomass sources, such
as vegetable, corn and soy beans. Synthetic
plastics, such as fossil-fuel plastics are derived
from petroleum. These plastics rely more on
scarce fossil fuels and non-renewable resources.

Figure 6: Life-cycle of Bio-plastics
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stability and at the same time reducing the
production cost. Bio-plastics are one of the
alternative materials that derived naturally and
eco-friendly. In order to ensure preservation of our
green-world, extensively research on renewable
materials and green technology should
be explored and implemented. Let’s protect our
earth today, for our children’s tomorrow!

N-terminaldomain of the PhaFphasin (a PHAgranule-associated protein) from Pseudomonas
putida GPo1 was used as a polypeptide tag
(BioF) to anchor fusion proteins to PHAs. This
tag provides a novel way to immobilize proteins
in vivo by using bioplastics as supports. The
efficiency of this system has been
demonstrated by constructing two BioF fusion
products, including a functional BioFgalactosidase. This is the first example of an
active bioplastic consisting of a biodegradable
matrix carrying an active enzyme.

CURRENT RESEARCH
Bioplastics currently make up an insignificant
portion of total world production of plastics.
Commercial manufacturing processes are
plagued by low yields and are expensive.
However, improvements in metabolic and genetic
engineering have produced strains of microbes
and plants that may significantly improve yields
and production capabilities while reducing overall
costs. These factors, when added to increasing
oil prices and growing environmental awareness,
may expand the market for bioplastics in the
future.

• Renewable Resource-Based Green
Composites were successfully fabricated from
Recycled Cellulose Fiber and Poly (3hydroxybutyrate-co-3-hydroxyvalerate)
Bioplastic by melt mixing technique.
• Renewable resource based green composites
were prepared from wood fiber and a bacterial
polyester, i.e., polyhydroxybutyrate-co-valerate
(PHBV) via extrusion injection molding
process.

• Bioplastics can be genetically engineered from
Pseudomonas by the mutation of some of the
genes involved in the β-oxidation pathway.

• Production capacity will triple to nearly 12
million tons from 2011-2020.

MARKET SIZE AND ECONOMICS

• A new protein immobilization and purification
system has been developed based on
the use of polyhydroxyalkanoates. The

The factors driving market development are both
internal and external (External factors make

Figure 7: Flow Chart of Producing Natural Fiber Reinforced Polylactic Acid Green Composite
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• BCC Research forecasts the global market
for biodegradable polymers to grow at a
compound average growth rate of more than
17% through 2012.

bioplastics the attractive choice. This is reflected
in the high rate of consumer acceptance.
Moreover, the extensively publicized effects of
climate change, price increases of fossil
materials, and the increasing dependence on
fossil resources also contribute to bioplastics

• Even so, bioplastics will encompass a small
niche of the overall plastic market, which is
forecast to reach 500 billion pounds (220
million tons) globally by 2010

being viewed favorably.
From an internal perspective, bioplastics are
efficient and technologically mature materials.

• Catering products: 450,000 tons per year

They are able to improve the balance between
the environmental benefits and the environmental

• Organic waste bags: 100,000 tons per year

impact of plastics. Life cycle analyses
demonstrate that bioplastics can reduce

• Biodegradable mulch foils: 130,000 tons per
year

CO 2 emissions by 30-70% compared to
conventional plastics (depending on the material

• Biodegradable foils for diapers 80,000 tons per
year

and application). What is more, the increasing
utilization of biomass in bioplastic applications

• Diapers, 100% biodegradable: 240,000 tons
per year

has two clear advantages: renewability and
availability.

• Foil packaging: 400,000 tons per year
• Vegetable packaging: 400,000 tons per year

• The European Bio-plastics trade group

• Tyre components: 200,000 tons per year

predicted annual capacity would more than
triple to 1.5 million tons by 2011.

• Total: 2,000,000 tons per year.

Figure 8: Global Land Area used for Bioplastics
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COST

• Communication: Labelling, product identification
and consumer perception.

With the exception of cellulose, most bioplastic
technology is relatively new and is currently not
cost competitive with (petroplastics). Bioplastics
do not reach the fossil fuel parity on fossil fuelderived energy for their manufacturing, reducing
the cost advantage over petroleum-based plastic.

• Separation of biodegradable bio-plastics at
source or co-mingled disposal, collection and
sorting.
• Consumer understanding and perception is
developing, but demand for premium and

ADVANTAGES

organic ranges could reduce in periods of

• Biodegradable

economic recession.

• Eco-friendly synthesis

• Genetically modified feedstock is a key issue
to with European consumers.

• High processibility

• Ethical issues relating to the use of intensive

• Derived from renewable resources

agricultural practices used for the growth of

DISADVANTAGES

non-food crops.

Despite the fact that bioplastics are a great
improvement over fossil-based fuels, they are not
yet the perfect solution. Here’s why:

• Uncertain advantages from a carbon
perspective when compared with fossil-based
plastics that are being recycled.

• Most recycling centers are not set up to handle
large amounts of PLA. Presently, PLA products
cannot be recycled in conjunction with
petroleum-based products, which means
sorting is critical.

• Capital investment and the cost of production
of bio-plastics remain prohibitive in some
circumstances.

COMPANIES

• Bioplastics are “compostable,” but only under
specific conditions”.

This is a list of companies that produce bioplastics.

• Plant-based bioplastics have a low melting
point.

• BASF

• Poor interactions with fibers.

• Innovia Films

• Narrow processing window.

• Nature Works LLC

• Lack of reactive groups.

• CSM

• Thermal degradation.

• Toyota and Nokia have also opted for bio-

• Brittleness.

plastics for their future products.

ETHICAL ISSUES

• Metabolix, Mitsubishi Inc, Kaneka and Biomer
are significant names in the high tech PHA/

• Low capacity: Producers are unable to meet
commercial demands in some applications.

PHB category of biodegradable plastics.
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RECENT DEVELOPMENTS

3.

Robert lamb, the pros and cons of
bioplastics.

4.

Judith L Fridovich-keil, bioplasticsencylopedia Britannica.

5.

Fiona wagner, The truth about bioplastics.

6.

Kristina Dell, The Promise and Patfalls of
bioplastic.

7.

Guochen Du, Lillian X L Chen, Jain yu, High
efficiency production of bioplastic from
biodegradable organic acids.

8.

“Bioplastics Life cycle”. Pitt.edu. Retrieved
2012-09-14.

9.

Vilpoux O and Averous L (2004), Starchbased Plastics. Technology, use and
potentialities of Latin American starchy
tubers, Vol. 3, pp. 521-533. Retrieved 13
March, 2013.

• 2004: NEC developed a flame retardant
plastic, polylactic acid, without using toxic
chemicals such as halogens and phosphorus
compounds.
• 2005: Fujitsu became one of the first
technology companies to make personal
computer cases from bioplastics.
• 2007: Braskem of Brazil announced, it had
developed a route to manufacture High
Density Polyethylene (HDPE) using ethylene
derived from sugar cane.
• 2011: Synbra Technology, a dutch chemical
company, successfully put the first PLA plant
with the innovative sulzer technology into
service.
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