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Environmentalists around the globe are concerned about 
emission of greenhouse gases, depletion of ozone, synthetic 
and non-degradable chemicals-produced by the industry 
in the form of fertilizers, pesticides, plastics, polymers, 
etc. Microbes are involved in many processes that help in 
improving the environment; bacteria, fungi, protozoa, bac-
teriophages and even nematodes are responsible for envi-
ronmental sustainability as they contribute in several ways 
in the ecosystems. Removal of heavy metals from ground 
water and soil, increasing soil fertility, nitrogen fixation, 
nutrients solubilization, eating bad microbes, degrading the 
plastic, producing the biodegradable plastic; just to name 
some mechanisms these organisms use for improving the 
environment.

Polyethylene (PE) and polypropylene (PP) repre-
sent ~ 92% of plastic production. Degradation of synthetic 
plastic is a global issue affecting almost every ecosystem 
on earth. It takes years to get plastics degraded by natural 
mechanisms as microbes take long to understand the nature 
of compounds used in these recalcitrant products. Possible 
solution to tackle this menace is to discover the microbes 
that can degrade plastics and enhance their ability to do so. 
Many organisms including bacteria and fungi are reported to 
degrade the synthetic plastics. Penicillium simplissimum was 
reported for modest degradation of plastic (Yamada-Onodera 
et al. 2001). Nocardia destiroides was reported for the degra-
dation of PE (Bonhomme et al. 2003). Yoshida et al. (2016) 
reported faster biodegradation of Polyethylene terephthalate 
(PET) by a microbial consortium including a novel bacte-
rium Idionella sakaiensis. A Pseudomonas strain isolated 
from soil of plastic dumping site was reported to grow on 
polyurethane oligomers and monomers (Cardenas Espinosa 
et al. 2020). Three years ago, caterpillar of wax moth Gal-
leria mellonella was reported to degrade PE (Bombelli et al. 

2017). However, a major breakthrough which can lead to 
large scale degradation of plastics is still awaited.

Environment friendly polymers could be the substitutes 
for recalcitrant synthetic plastics. Biodegradable plastics are 
now being developed by incorporating biopolymers into con-
ventional plastics or by microbial fermentations. Biopoly-
mers have excellent biodegradability, biocompatibility and 
varied applications. Currently, polyhydroxy alkanoates 
(PHAs), polylactic acid (PLA), and polybutylene adipate-co-
terephthalate (PBAT) are well-known biodegradable polyes-
ters that are commercially available in the market (Kim et al. 
2017). The PHAs are synthesized hydroxy-fatty-acids within 
the microbial cells and stored as lipid inclusions when car-
bon is in abundance and nitrogen, phosphorus, oxygen or 
sulfur are limited. They are readily degraded by the depoly-
merases present in the environmental microflora resulting in 
the formation of water and carbon dioxide.

There are different types of PHA based on the monomers; 
polyhydroxy valerate (PHV), polyhydroxy hexanoate (PHH), 
polyhydroxy octanoate (PHC) and polyhydroxy butyrate 
(PHB). Among all these types, polyhydroxy butyrate (PHB) 
is the most commonly occurring biopolymer and it is com-
pletely biodegradable. It is produced by bacteria as a lipid 
inclusion body under stress conditions, when the concentra-
tion of essential nutrients like nitrogen, potassium, phos-
phorus, sulfur, magnesium or oxygen is limited and car-
bon is present in excess. It acts as an energy backup for 
bacteria. The properties of this polymer are very similar to 
that of commonly used plastics like polypropylene. It has 
thermoplastic properties, non-toxic, produced from renew-
able material and completely biodegradable. It also has low 
permeability for water and gases like oxygen and carbon 
dioxide. All these properties make it an excellent choice to 
replace synthetic plastics that are usually made from petro-
chemical sources. One drawback for its use in a wide range 
of products is its brittle nature. This problem can be solved 
by using a copolymer of PHB with polyhydroxy valerate 
(PHV). Adding PHV greatly improves the strength and flex-
ibility of this biopolymer (Marchessault and Yu 2004).
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More than ninety hydroxy alkanoic acids have been 
reported as constituents of PHAs and among these, polyhy-
droxy butyrate (PHB) is synthesized by different microbes. 
Till date, at least 75 genera of bacteria have been discov-
ered which produce PHB. These include Gram positive and 
Gram negative halophytic, photosynthetic and hydrocarbon-
degrading bacteria. All these bacteria have been isolated 
from diverse habitats with different environmental condi-
tions, like terrestrial, freshwater, marine and waste streams 
from industries like oil, starch and paper. Most common 
of these are Pseudomonas, Archea, Actinobacter, Burk-
holderia and Azotobacter. PHB producing bacteria reside 
in variety of ecosystems where there is an imbalance in 
the available nutrients. Bacteria from other genera such as 
Bacillus, Staphylococcus, Paracoccus, Micrococcus, Rho-
dococcus, Methylobacterium, and Vibrio are also reported 
for PHB production. Few years ago, a strain of Cupriavidus 
sp. isolated from wastewater from the cassava starch manu-
facturing industry, was reported to produce PHB (Poomipuk 
et al. 2014). The species of Bacillus, Alcaligenes and Pseu-
domonas, accumulate PHB up to 90% of cell dry weight 
under nutrients limited conditions (Prabisha et al. 2015). 
Recently, Pseudodonghicola xiamenensis, an isolate from 
Red Sea, has been reported for PHB production (Mostafa 
et al. 2020).

PHB has the potential to be utilized in a variety of prod-
ucts. It can be used to prepare water bottles, disposable 
cups, cutlery for fast food restaurants, lamination foils, 
female hygiene products and diapers. It is a safe choice to 
be used for the packaging of edible items. It can be utilized 
in medicine and agriculture owing to  its non-toxic nature, 
biocompatibility and biodegradability. It is ideal to be used 
as a covering for capsules, for the controlled release of medi-
cines, for stitching of wounds, bone implants, pacemaker, 
cardiovascular patches and nerve guides, etc. Similarly, 
it can be used for the slow release of fertilizers, insecticides, 
pesticides or fungicides in the soil.

Use of eco-friendly PHB in place of artificial plastics can 
improve the waste disposal problems and reduce greenhouse 
gas emissions. However, the high production cost imposes 
restrictions on the commercialization of PHB material. The 
carbon sources used for PHB-producing bacteria have been 
glucose, sucrose, dextrose, maltose and other types of sug-
ars, and various types of oils which make the price of PHB 
at least four times higher than that of petroleum-based plas-
tics. To solve this issue, scientists have started to look for 
other cheap alternate carbon sources. PHAs can be produced 
from sugars, agricultural wastes, glycerol and vegetable oil. 
Banana peel, corn cob, sugar cane bagasse and tuff straw 
have been used as substrates for Bacillus sp. (Getachew and 
Woldesenbet 2016). Soya, rice bran, wheat bran, sago starch 
and bagasse, have also been used as substrates for production 
of PHB (Shivakumar 2012). Wastes from the sugar industry, 

like molasses, fermented mash and spent wash, along with 
corn oil, have been used as substrates for Pseudomonas 
(Chaudry et al. 2011). Wastes from other types of indus-
tries such as pulp, paper and cardboard industry, wastewater, 
waste rapeseed oil, waste palm oil, oil extracted from the 
spent coffee grounds, wastewater from yeast industry and 
domestic waste water have also been explored for PHB pro-
duction (Bhuwal et al. 2013; Cruz et al. 2014; Nogueira et al. 
2018; Ozdemir and Ceyhan 2011; Verlinden et al. 2011). 
Recently, PHB production by Pseudodonghicola xiaminen-
sis, is reported by using date syrup as a substrate (Mostafa 
et al. 2020). These studies support that agriculture wastes 
have the potential to be used as a substrate to generate PHB 
at a much lower cost than by using refined sugar sources.

Bioplastic industry is at its initial stage, however, it is 
growing and already has an emergent share in the global 
market. In 2017, more than 50% bioplastic was produced in 
Asia. Japan is leading in bioplastic industry and using it in 
automobiles and electronic industry. USA and Latin Amer-
ica have also started investing in this industry. Similarly, in 
Europe, bioplastic market is expanding. Considering its use 
in diverse fields including medical, agriculture, electronics, 
etc., it is estimated that globally its demand will increase 
19% per year (Ojha and Kapoor 2019).

Microbes have solution of plastic waste management by 
degrading the synthetic plastic as well as replace it with 
degradable bioplastic. PHB’s cost of production is a major 
hurdle. However, scientists are discovering new bacterial 
strains, developing recombinant strains, tailoring various 
forms of PHB, using variety of agriculture and industrial 
wastes as substrates, to reduce production costs. It is antici-
pated that global efforts in this area will soon make PHB 
available for its application in different areas and help in 
tackling one of the biggest issues of current times leading 
to sustainable development and conservation of biodiversity.
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