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Plastics play an essential role in every area of the economy across the world due to their widespread usage in 
agriculture, architecture and construction, health, and consumer products. They are the foundation of many businesses 
since they are utilized in the production of a variety of commodities such as defense materials, sanitary wares, tiles, 
plastic bottles, fake leather, and a variety of other home items. Food packaging, pharmaceutical packaging, detergent 
packaging, and cosmetic packaging all employ plastics. Per year, almost one trillion single-use plastic bags are used 
across the world, or roughly two million every minute. Plastic pollution poses a severe danger to the planet's environment 
and human existence. The build-up of plastic on land and at water has sparked interest in degrading these polymers. As 
a result, in order to lessen the environmental impact of plastics, appropriate biodegradable technologies must be used. 
Microbes that can digest plastic waste, particularly non-biodegradable polymers like polyethylene, polypropylene, 
polystyrene, polyvinyl chloride, and polyurethane, are one way to solve this problem. Many bacteria have the ability to 
break down plastics. However, while this biodegradation process is not fully efficient, it is a way forward from traditional 
plastic waste management. More research on microorganisms that digest polyvinyl chloride is needed since this type of 
polymer is the most difficult to decompose. This review focuses on the origins of plastics, strategies for managing plastic 
waste, and the biodegradation of plastic waste utilizing various microbes. 
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INTRODUCTION 

Plastic is a synthetic material that is widely employed 
across a wide range of industries. It's manufactured from 
a variety of organic polymers, including polyethylene, 
polypropylene, and PVC, among others. The word plastic 
comes from the Greek word plastikos, which refers to a 
material that may be shaped while still flexible and 
subsequently hardened into a solid or somewhat elastic 
state (Ilyas et al. 2018). As a result, demand for plastic 
items has been rising for a long time due to their 
versatility. Plastics are utilized for packaging purposes in 
around 30% of the world's population. Food, medications, 
cosmetics, detergents, and chemicals are all packaged 
using synthetic polymers (Shah et al. 2008a).Plastics, on 
the other hand, are typically thought to be resistant to 
deterioration (Liaqat et al. 2020). Plastics are complex 
polymers, which are lengthy, repeating chains of 

chemicals that do not dissolve in water. Plastic is 
extremely durable due to the strength of these chains, and 
it takes a long time to degrade organically. Furthermore, 
because of its diverse applications and difficulty in 
degrading, environmental contamination and plastic risks 
are slowly but steadily increasing (Chaurasia, 2020). 

 Biodegradation, or the employment of microbes in 
the decomposition of plastics, has just been identified. 
Enzymes that breakdown plastic are produced by a variety 
of microorganisms. Microbes exploit these water-soluble 
tiny molecules as a source of energy because they 
produce enzymes that break down the polymer into 
oligomers and monomers (Chaurasia, 2020). As a result, 
biodegradation is seen to be the ideal breakdown strategy 
since it produces less hazardous chemicals and allows the 
substrate to cycle biogeochemically (Fessehaand Abebe, 
2019). As a result, the goal of this review is to give 
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relevant information regarding the bacterial biodegradation 
of plastics, including how it works and how it may be 
quantified. 

Methods in plastic waste management 
One of the most effective ways to rehabilitate the 

ecosystem is to reduce plastic litter inputs through waste 
management and source reduction. The world's 
industrialization and population increase have led to a 
high rate of plastic trash production and exposure. Among 
these waste management techniques, recycling, 
landfilling, incineration, and bioremediation are a few that 
have a scientific foundation. Figure 1 shows the different 
methods used in plastic waste management. 

 

Plastic biodegradation process using microbe 
Biodegradation is the breakdown of organic 

compounds by microbial organisms, particularly bacteria 
and fungus, by physical, chemical, or enzymatic activity 
(Muthu, 2014). Bacteria are commonly seen degrading 
both natural and manufactured polymers. Because most 
plastic degradation bacteria have their own ideal 
development requirements in the soil, biodegradation of 
plastics occurs actively under various soil conditions 
based on their features (Shah et al. 2008a). As a result, 
this process is influenced by a variety of biotic and abiotic 
variables. This means that surface microbial attachment 
and bio film development are influenced by material and 
surface structural factors such as surface roughness, 
topography, surface free energy, surface electrostatic 
interactions, and surface hydrophobicity, as well as 
bacteria's abilities. Environmental parameters, such as 
salinity, temperature, oxygen level, and light restriction, 
are other contributors to biofilm growth (Urbanek et al. 
2018). Furthermore, several factors influence 
biodegradation, including the types of organism, polymer 
properties, and pre-treatment method. Polymer properties 
include tacticity, mobility, crystallinity, molecular weight, 
the shape of functional groups and other substituents in 
their structure, and polymers that have been treated with 
additives or plasticizers (Muthukumar and Veerappapillai, 

2015). Amorphous polymers, for example, deteriorate 
more quickly than crystalline polymers. This is due to the 
fact that amorphous polymers do not have a melting point, 
therefore when heated throughout a range of 
temperatures, they become glassy and rubberier. Plastics' 
chemical and physical origins, in particular, are important 
factors in their biodegradation (Fessehaand Abebe, 2019). 
As a result, during degradation, the polymer must first be 
converted into monomers. Since certain polymers are too 
large to pass through cellular membranes, they must first 
be depolymerized into smaller monomers before they can 
be absorbed and biodegraded within microbial cells (Shah 
et al. 2008a). Miranda et al. (2020) investigated the abiotic 
and biotic effects on low-density polyethylene (LDPE) 
blend made from LDPE and a biodegradable ingredient (8 
percent w/w). According to the findings, the aging process 
(166 days) resulted in changes in structural properties 
(insertion of functional groups), morphological 
(appearance of micro-cracks and increased roughness), 
mechanical (greater stiffness and loss of plasticity), and 
thermal (lower degree of crystallinity and thermal stability). 
Furthermore, the authors observed that aged LDPE 
blends exposed to soil degraded faster than non-aged 
equivalents. It revealed that the formation of CO2, H2O, 
and microbial biomass from accelerated weathering 
effects the biodegradation process owing to the availability 
of O2 gas and aerobic bacteria. Rose et al. (2020) 
investigated Rhodococcus rhodochrous and Alcanivorax 
borkumensis in soil and marine settings for LDPE 
breakdown, respectively. The results show that these two 
bacteria could breakdown LDPE samples with lesser 
mass in a shorter period of time and a larger amount of 
CO2 emission found. Furthermore, Yoshida et al. (2016) 
discovered that Ideonella sakaiensis could digest the 
plastic used to create polyethylene terephthalate when 
they examined several bacteria from a bottle recycling 
factory in 2016(PET). It functions by secreting an enzyme 
called PETase (catalase). This disrupts certain chemical 
bonds (esters) in PET, resulting in smaller molecules that 
may be eaten by bacteria that feed on carbon sources. 
Nonetheless, it is critical to note that the biodegradation 
process is not perfect, just as polymer breakdown is 
seldom perfect. Several investigations have demonstrated 
that, while total plastic breakdown by microbes is not 
achievable, mechanical characteristics can be diminished 
by up to 98 percent (Muthukumar and Veerappapillai, 
2015). 

Incineration 
Incineration, often known as burning, is a method of 

disposing of plastic trash. However, the potential for toxic 
chemicals to be released into the atmosphere during the 
process is a major issue since it would be damaging to 
human health in adjacent areas (Alabi et al. 2019). Plastic 
waste fumes, for example, release halogenated additives 
and PVC into the environment, as well as furans, dioxins, 
and polychlorinated biphenyls (PCBs) from plastic burning 

 

 

Figure 1: Different methods used in plastics waste management 
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(Gilpin et al. 2003). Furthermore, plastics irreversibly harm 
the combustion heater of flue systems during plastic 
incineration, and the outcomes of this plastic combustion 
are hazardous to both humans and the environment. As a 
result, low molecular weight chemicals may evaporate 
directly into the air, contaminating it, and some may 
produce a range of compounds depending on their 
variations. The combustible combination, unlike the 
others, may oxidise in solid form. Rainfall, on the other 
hand, may allow some of these poisonous substances to 
seep into the soil, contaminating ground water and 
contaminating the food chain (Alabi et al. 2019). 
In addition, when all recyclable materials have been 
removed, burning creates energy and may be a viable 
solution. It is suggested that petrochemical carbon, which 
has already had one high-value application, is a more eco-
efficient alternative to direct oil burning when utilised as a 
fuel in incineration (Rujni-Sokele and Pilipovi, 2017). 
Furthermore, all bioplastic polymer products are eligible 
for energy recovery by incineration, and bio-resources in 
bio plastic polymer products are deemed to generate 
renewable energy when burnt. As a result, energy 
recovery by incineration for biodegradable packaging may 
be a technically possible option, negating many of the 
potential benefits of the material's biodegradability 
potential (Rujni-Sokele and Pilipovi, 2017). Nonetheless, a 
Ministry of Agriculture regulation on trash incineration 
specifies that only licensed plastic waste incineration 
factories incinerate plastic, while all other forms of plastic 
waste incineration are prohibited (Nagy and Kuti, 2016). 

Landfills 
Due to the simplicity of human intervention, landfills 

are appropriate for the storage of plastic trash when 
compared to other situations. However, about 10% of 
household garbage is plastic, which is usually disposed of 
in landfills (Alabi et al. 2019). Also, land filling 
biodegradable materials such as biodegradable polymers, 
garden waste, and kitchen waste is becoming a major 
issue, while methane, a greenhouse gas with 25 times the 
effect of CO2, can be produced under anaerobic 
conditions and released into the atmosphere (Rujni-
Sokele and Pilipovi, 2017, Meereboer et al. 2020). This 
demonstrates that it will have an influence on the 
environment and human health. 

In any case, there are two sorts of landfills in 
municipal solid waste: old landfills and contemporary 
landfills. Old landfills have little control over the movement 
of contaminants and no equipment for methane capture, 
whereas contemporary landfills are designed to trap the 
methane discharged in order to generate power. However, 
not all locations have these protections in place for 
landfills, thus off-gases may still enter the surrounding 
area (Meereboer et al. 2020). Similarly, to incineration, if 
landfills are well managed, environmental pollution and 
public health risks may be reduced, though there is the 
possibility of contamination of soil and groundwater by 

disintegrated plastic by-products and additives that can 
live in the environment for an extended period of time 
(Alabi et al. 2019). 

Recycling 
The reprocessing of recovered plastic scraps or 

wastes into useable goods is known as recycling (Alabi et 
al. 2019). Recycling plastics also saves landfill space, 
power, water, and money, as well as reduces pollution. 
PET bottles and containers, for example, are recycled 
after being cleaned and ground into particles until they 
melt and reform into plastic things such as carpets 
clothes, protective packaging, and more (Figure 1). 
Furthermore, recycled PET may be used to make 
polyester. The PET flakes will be processed into yarn, 
which will then be weaved into the polyester fabric 
(Sivaramanan, 2014). The example demonstrates that 
through recycling, we may minimise the need for 
extracting, refining, and processing raw materials, which 
can cause air and water pollution, while also conserving 
key raw resources and protecting natural ecosystems for 
the future. 
Nonetheless, according to Wenonah (2018), just 9% of all 
plastic garbage created has been recycled. Approximately 
12% has been cremated, with the remainder accumulating 
in landfills, dumps, or the environment. When the service 
life of a plastic item has expired, an alternative mode of 
disposal, such as composting or burning, is necessary. 
Furthermore, the quality of the recycled finished product 
has become a problem because it will comprise 
biodegradable materials as well as technical features such 
as strength, durability, and more. Thus, sorting and 
separation play a crucial role in producing high-quality end 
products. As a result, new technologies for autonomously 
sorting plastic garbage are being created, however, these 
systems are now facing significant technical and economic 
hurdles (Rujni-Sokeleand Pilipović, 2017). 

Types of plastics 
Plastics have become a vital and adaptable 

commodity with a wide range of qualities, chemical 
composition, and uses during the previous six decades. 
Although hundreds of plastic materials are commercially 
accessible, only a few of them qualify as commodity 
thermoplastics due to their high volume and low price. 
Plastics are classified according to their composition and 
the materials used in their manufacture. includes 
Approximately 90% of overall demand is met by low-
density polyethylene (LDPE), high-density polyethylene 
(HDPE), polypropylene (PP), PVC, PS, and polyethylene 
terephthalate (PET). Figure 2 shows different types of 
plastics used in industries. 



Dailin et al. Plastic Waste Biodegradation Using Microbial Approach 

 

Bioscience Research, 2022 volume 19(3):1599-1606                                                                     1602 

 

 
Polyethylene (PE) 

Polyethylene (PE) is a synthetic polymer with a high 
level of hydrophobicity and a high molecular weight that is 
commonly employed in the fabrication of waste or 
packaging materials (Chaurasia, 2020). As a result, PE 
was traditionally thought to be non-degradable, posing 
environmental risks such as poor drainage, reduced soil 
quality, and the release of cancer-causing chemicals and 
greenhouse gases into the atmosphere (Chaurasia, 2020, 
Liaqat et al. 2020). PE may be degraded by a variety of 
molecular processes, including chemical, thermal, optical, 
and biodegradation (Shah et al. 2008a). In this example, 
biodegradation was utilised since recent research has 
shown that several kinds of bacteria can degrade PE. 
Pseudomonas sp. isolates from soil had the best potential 
to breakdown polyethylene plastic than the other isolates, 
according to Agustien et al. (2016). The data reveals that 
Pseudomonas sp. isolates have an 11.7 percent decrease 
in plastic film weight, whereas the other isolates have a 
0.9 percent decrease. Skariyachan et al. (2018) 
investigated the potential of Brevibacillus sp. and 
Aneurinibacillus sp. from sewage treatment and waste 
management landfills in the 140-day degradation of PE. 
The degradation efficiency of 8 isolates from 36 plastic-
degrading isolates was investigated. The combination of 
Brevibacillus sp. and Aneurinibacillus sp. showed the 
greatest % weight decrease, according to the results. Auta 
et al. (2017) found that Bacillus cereus and Bacillus 
gottheilii isolated from mangrove sediment could 
breakdown microplastic materials like PE and had the 
capacity to remediate microplastic-contaminated 
environments for 40 days. The weight loss of PE was 
used to track degradation, with B. cereus losing 1.6 
percent of its weight and B. gottheilii losing 6.2 percent. 
Singh et al. (2016) also discovered that Bacillus sp. 
isolated from soil could break down PE in about 40 days. 
Bacillus sp. degraded weight loss by 42.5 percent in 40-
micron PE. Brandon et al. (2018) used the mealworm gut 
microbiota to investigate the ability of PE breakdown. In 
PE-fed mealworms, the molecular weights of egested 
polymer residues fell by 40.18.5 percent, and sequencing 
results identified Citrobacter sp. and Kosakonia sp. as 
highly related to PE. According to the research mentioned 
above, isolate bacteria may decompose PE without 
harming the environment. It's worth noting that all of the 
writers mentioned that weight loss was used to measure 

PE deterioration. 

Polypropylene (pp) 
Polypropylene is a thermoplastic polymer that has a 

crystalline level somewhere between high-density PE and 
low-density PE (Maddah, 2016). It is usually used for 
packing, textiles like ropes, carpet thermal underwear, 
labeling purpose, reusable containers and laboratory 
equipment. Due to the copolymerization with ethylene, it is 
isotactic and normally tough and flexible (Maddah, 2016). 
Chaurasia (2020) stated that PP can be degraded with 
heat and UV radiation by chain degradation. In each 
repetitive unit where oxidation takes place, it has a tertiary 
carbon atom. Free radical is formed to obtain carboxylic 
acid and aldehydes and reacts with oxygen and then a 
chain split occurs. Thus, there are some studies indicating 
how bacteria could degrade PP.  

Stenotrophomonas panacihumi isolated from soil was 
found to breakdown PP under compost at 37°C for 90 
days, according to Jeon and Kim (2016). The results 
demonstrate that S. panacihumi has a strong 
biodegradation activity for PP, which has a molecular 
weight of 228,000. The growth kinetics and bio 
deterioration of polypropylene by Bacillus sp. and 
Rhodococcus sp. isolated from mangrove sand were then 
examined for 40 days by Auta et al. (2018). The results 
show that both bacteria may utilize PP for growth, as seen 
by the drop in polymer mass, with Rhodococcus sp. losing 
6.4 percent and Bacillus sp. losing 4.0 percent of their 
weight. Furthermore, the same researchers conducted a 
study on the PP degradation capacity of Bacillus cereus 
and Sporosarcinaglobispora isolated from a mangrove 
habitat in 40 days. The results were measured by weight 
loss, with B. cereus showing a 12 percent degradation 
weight loss and S. globispora showing an 11 percent 
degradation weight loss. According to the scientists, these 
bacteria have the ability to breakdown microplastic 
materials and show promise in the rehabilitation of PP-
contaminated environments (Helen et al. 2017). In reality, 
the same authors published a paper in the same year 
regarding screening Bacillus strains obtained from 
mangrove habitats for microplastic breakdown, including 
PE, PET, PP, and PS. However, only Bacillus gottheilii 
was able to breakdown PP after 40 days, resulting in a 3.6 
percent weight reduction (Auta et al. 2017). Based on 
weight loss and FTIR spectroscopic investigations, Amadi 
and Nosayame (2020) found that Bacillus lentus isolated 
from internal organs of fish, Liza grandisquamis, may 
breakdown PP. The results suggest that B. lentus had the 
greatest weight drop, with a 40% reduction. 

Since bacteria may destroy PP, almost all of the trials 
above were based on percentage weight reduction. 
However, based on the three investigations mentioned 
above, Auta et al. (2018, 2017) reveal that Bacillus sp. has 
the capacity to consume PP and has the capability to 
breakdown PP in 40 days. 
 

 1 

Figure 2: Different types of plastics 2 
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Polyvinyl chloride (PVC) 
 Polyvinyl chloride is available in rigid and flexible 
forms. PVC in rigid form is commonly used in construction 
since it is less expensive than other materials such as 
iron, copper, and wood, as well as being a very robust 
plastic with minimal moisture absorption, abrasion 
resistance, and chemical resistance (Chaurasia, 2020). 
PVC is mostly utilised in construction for pipes and fittings, 
electrical wire insulation, and shoe soles, garden or 
shower hoses, and textiles (Shah et al. 2008a). 
Furthermore, PVC may be made flexible by using 
plasticizers such as phthalates (Glaser, 2019). PVC, on 
the other hand, has a high chlorine concentration, which 
might result in harmful contamination in the form of 
dioxins, since it accumulates in the fat of animals as they 
go up the food chain. PVC exposure, which frequently 
contains phthalates, can have major health 
consequences. As a result, some research into the 
degradation of PVC has been conducted. 

According to Li et al. (2017), Comamonas 
testosterone, DB-7, isolated from soil, may breakdown 
dimethyl phthalate (DMP). According to the results of 
HLPC and LC/MS analysis metabolic products, DB-7 
could breakdown more than 99 percent of 450mg/L DMP 
in 14 hours, and mono-methyl phthalate (MMP) and 
pthalic acid (PA) were the main degrading during the 
degradation of DMP. Aside from that, Kalia (2020) stated 
that the combined culture of Pseudomonas fluorescens 
and Anabaena may destroy PVC when exposed to each 
other, resulting in a high supply of energy for an effective 
technique of PVC degradation. Fortunately, the endeavor 
to breakdown PVC was successful, since the degradation 
rates of this mix of bacteria outperformed prior field PVC 
degradation rates. Nonetheless, just a few studies have 
shown that microorganisms can degrade PVC. Because 
PVC is renowned as a material that does not break 
readily, I expect that academics will devote more time in 
the future to investigating how bacteria degrade PVC. As 
a result, we must replace PVC with safer materials such 
as clay, glass, ceramics, and others in order to safeguard 
the environment and human health. 
 
Polystyrene (PS) 

Because of its exceptional qualities, such as great 
thermal insulation, lightweight, and stiffness, polystyrene 
(PS) is utilised in the manufacture of laboratory ware, 
packaging materials, disposable cups, and some 
electronic components (Chaurasia, 2020). PS is, 
nevertheless, extremely stable and difficult to deteriorate 
in the environment after disposal. Furthermore, as PS is 
damaged by thermal and chemical degradation, 
compounds like styrene and benzene are generated, 
which are probable carcinogens and neurotoxins that are 
harmful to people (Shah et al. 2008a). Researchers 
conducted tests on decomposing PS using microbes a few 
years ago in order to lessen the dangers to humans and 

the environment. It is more secure and safe. 
Savoldelli et al. (2017) investigated PS breakdown 

using thermal and microbiological methods in order to 
yield useable by-products. Pseudomonas putida and 
Salmonella, on the other hand, are more successful in PS 
degradation than heat degradation, according to 
scientists. As a result, this method has the potential to 
eliminate 30 percent of PS in landfills while also lowering 
PS's worldwide environmental effect (Savoldelli et al. 
2017). Then, according to Ruslan et al. (2018), Bacillus 
sp. isolated from soil may breakdown PS. The erosion and 
degradation to the surface of the PS plastic film examined 
were visible after 4 weeks of SEM monitoring. 
Furthermore, microorganisms isolated from soil, such as 
Paenibacillusurinalis, Bacillus sp., and Pseudomonas 
aeruginosa, were shown to be capable of degrading PS, 
according to Atiq et al. (2010). The results show that the 
bacterial isolates may colonise enlarged PS and utilise it 
as their sole carbon source. 

However, there are few investigations on PS 
degrading microbes, although a few researchers have 
reported on the microbial degradation of its monomer, 
styrene. Oikawa et al.(2003) isolated and identified 
Pseudomonas sp., Bacillus sp., and Xanthomonas sp. for 
styrene degradation, as well as Xanthomonas sp. and 
Sphingobacterium sp. for PS decomposition. Bacillus sp., 
in particular, was able to breakdown both styrene and PS 
by lowering their weight from 40% to 56%. 

 Polyurethane (PU) 
Polyurethane is widely utilised in a variety of items, 

including furniture, coatings, building materials, fibres, and 
paints (Shah et al. 2008a). A condensation reaction is 
used to make PU from three components: polyisocyanate, 
polyol, and a chain extender. It also has a crystalline 'hard 
segment' (polyisocyanate) that relates to hardness and 
tensile strength, and a 'soft segment' (chain extender with 
polyol) that absorbs non-crystalline water and refers to 
elasticity (Shah et al. 2016). PU is considered to be more 
environmentally friendly than most other polymers. This is 
due to the fact that it does not contain any compounds 
that interact with the endocrine and hormone systems, nor 
does it contribute to soil or water pH changes. 
Degradation, on the other hand, takes 1000 years 
(William, 2020). In the literature, three forms of PU 
degradation have been identified: fungal biodegradation, 
bacterial biodegradation, and PU enzyme degradation. 
However, PU breakdown by bacteria will be demonstrated 
in this example. 

Halim et al. (1996) evaluated the development of 
numerous bacteria species on PU military aviation paint in 
previous research.  
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Table 1: List of bacteria with the capability to degrade plastic 
 

No Bacteria Sources Plastic Type References 

1 

Pseudomonas 
sp.Brevibacillussp.Aneurinibacillussp. 

Bacillus gottheilii 
Bacillus cereus 
Citrobacter sp. 
Kosakoniasp 

Soil, 
Sewage treatment, 
Waste management 

landfills, 
Mangrove sediment, 

Mealworm gut 
microbiome 

Polyethylene 

Agustien et al. 2016; 
Skariyachan et al. 

2018; Brandon et al. 
2018 

2 

Stenotrophomonas Panacihumi 
Rhodococcussp. 

Bacillus sp. 
Bacillus cereus 

Sporosarcinaglobispora 
Bacillus gottheilii 
Bacillus lentus 

Soil, 
Mangrove sediment, 

Internal organs of 
fish. 

 

Polypropylene 

Jeon andKim, 2016; 
Auta et al. 2018; 
Helen et al. 2017; 
Auta et al. 2017; 

AmadiandNosayame, 
2020 

 

3 
Comamonas testosterone 
Pseudomonas fluorescens 

Soil 
 

Polyvinyl 
chloride 

Li et al. 2017; 
Kalia, 2020 

4 

Pseudomonas putida 
Salmonella 
Bacillus sp. 

Paenibacillusurinalis 
Pseudomonas aeruginosa 

Xanthomonas sp. 
Sphingobacteriumsp. 

Landfills 
Soil 

Polystyrene 

Savoldelli et al. 2017; 
Ruslan et al. 2018; 

Atiq et al. 2010; 
Oikawa etal., 2003 

5 

Acinetobacter calcoaceticus 
Arthrobacter globiformis 

Pseudomonas aeruginosa 
Pseudomonas putida 

Bacillus sp. 
Pseudomonas sp. 
Micrococcus sp. 
Arthrobacter sp. 

Corynebacterium sp. 
Bacillus subtilis 

Soil Polyurethane 

Halim et al. 1996; 
Shah et al. 2008b; 
Shah et al. 2016; 

Espinosa et al. 2020 

 
The PU paint may be used as a sole carbon and 

energy source by Acinetobacter calcoaceticus, 
Arthrobacter globiformis, Pseudomonas aeruginosa, and 
Pseudomonas putida. In contrast, Shah et al. (2008b) 
recovered Bacillus sp., Pseudomonas sp., Micrococcus 
sp., Arthrobacter sp., and Corynebacterium sp., all of 
which were capable of degrading PU after 6 months of soil 
burial. The results demonstrate a zone of hydrolysis 
surrounding the bacterial colonies, substantial CO2 
generation, and alterations on the surface of the PU film, 
as well as the synthesis of many novel intermediate 
products after polymer breakdown, as shown by SEM and 
FTIR (Shah et al. 2008b).  

Shah et al. (2016) investigated the degradation effects 
of bacterial co-culture against polyester PU in comparison 
to individual strains in the current study. In this 
investigation, Bacillus subtilis and Pseudomonas 
aeruginosa were utilized, and the results showed that a 
consortium of both bacteria could efficiently break down  

 
polyester PU film pieces in 20 days, compared to the 
separate strains. Next, Espinosa et al. (2020) found that 
Pseudomonas sp. bacteria isolated from soil were capable 
of degrading both an oligomeric PU and a PU building 
component. This is the first report, according to the 
authors, on the isolation of a bacterial pure culture for the 
PU precursor 2,4-TDA. The capacity of this strain to 
employ not only as a solitary source of carbon and energy, 
but also as a nitrogen source in monomer and oligomer of 
PU, demonstrates its impressive metabolic capabilities. 
Table 1 summarises the microorganisms that are capable 
to degrade plastic. 

CONCLUSION 
To summarise, plastic degrading microorganisms are 

important in the biodegradation of polymers. This is owing 
to the fact that plastic degrading bacteria might minimise 
environmental pollution and human health hazards, as 
current plastic waste management technologies are 
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ineffective to manage plastics waste. Many different types 
of bacteria are involved in plastic breakdown, although the 
most prevalent are from the genera Bacillus and 
Pseudomonas. These bacteria might utilise plastics as 
their only carbon and energy source, breaking down the 
polymers even if it takes a long period. Plastic has a very 
high molecular weight and is difficult to breakdown. 
Because plastic has hydrophobic surfaces, it is difficult for 
bacteria to stay stable and develop a biofilm, as well as 
convert them into small molecular oligomers, dimers, and 
monomers. However, the biotic and abiotic components of 
this process must be handled seriously and carefully in 
order for biodegradation to be efficient. As a result, this 
method is promising to reduce plastic pollution in the 
future. With this, associated party can educate waste 
management about plastic breakdown utilising bacteria 
because it is a more eco-friendly and cost-effective 
technique. 
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