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Abstract !
Plastic pollution causes a potential environmental challenge due to its
perseverance and detrimental effects on ecological system. The problem
statement addresses the urgent need for biological solutions to mitigate plastic Article History
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and incineration are insufficient. In this study, bacterial strains have been Accepted: 06 January 2026
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the penetration efficacy of bacterial isolates. The SEM results revealed Plastic-Degrading Bacteria
significant damage (e.g., notable holes and cracks) caused by bacteria on Sustainable Environmental.
the surface of the test plastic strip under experimental conditions. The results
demonstrated that the Isolate B-8 (Bacillus sp.) exhibited notable plastic
degradation capabilities, as evidenced by a 37.5% reduction of LPDE in
weight (from an initial weight of 0.08 g to a post-degradation weight of 0.05 g).
SEM provided critical qualitative evidence linking bacterial colonization to the
biodegradation of the LDPE films. In contrast to the smooth, homogenous
surface of the untreated control, the treated samples exhibited extensive
morphological damage, including cracks, fissures, and surface erosion.
This confirms that the physical breakdown of the plastic was directly driven
by Isolate B-8 (Bacillus sp.) infiltrating material to metabolize it, rather than
just surface-level abrasion. Further visual evidence of structural damage
validates the gravimetric data where weight was reduced. This indicates that
Isolate B-8 (Bacillus sp.) utilized the plastic as a metabolized carbon source.
The future prospects involve exploring consortium to synergistically break
down different types of plastics. This research underscores the potential
of microbial solutions in addressing plastic pollution, paving the way for
sustainable environmental management strategies.
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Abbreviation
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PWM Plastic Waste Management

SEM Scanning Electron Microscope

PP Polypropylene

PS Polystyrene

PVC Polyvinyl chloride

PBT Polybutylene terephthalate

LDPE low-density polyethene

FTIR Fourier-transform infrared spectroscopy
XRD X-ray Diffraction

RTO Regional Transport Office

NP Non-degradable plastics

DP degradable plastics

VP Voges—Proskauer

MR Methyl Red

GC-MS gas chromatography-mass spectrometry
XRD X-ray Diffraction

EPS extracellular polymeric substances
MSM Minimal Salt Medium

Introduction

Plastics are non-metallic substances, derived from
fossil fuels that can be moulded into any desired
shape. They are durable, resilient, moisture-resistant,
lightweight polymers composed of carbon combined
with hydrogen, nitrogen, sulphur, and other organic
and inorganic elements. Owing to their adaptability,
robustness, and low weight, they are widely used in
medical, agriculture, and packaging industries. PVC,
PBT, PP, PS, Polyethene and nylon are the most
widely used polymers in the industry.! One of the
main contributors to pollution in the environment is
low-density polyethene (LDPE). Approximately, 140
million tonnes of synthetic polymers are produced
each year worldwide and the usage is expanding at
a pace of 12% annually. The buildup of plastic bags
is posing a serious threat to the environment due to
its tough biodegradation. Since its initial introduction
in the 1950s, plastic has grown to be indispensable
part of daily life. According to the Central Pollution
Control Board, India, around 26,000 tonnes of
plastic waste are produced every day. Biological
agents, such as bacteria, can break the polymer
link in plastic, therefore, microbial degradation
is the ecofriendly and cost-effective alternative
technique to address the environmental problems
caused by plastic waste.? The microbes break down
polymers into smaller components like monomers,
oligomers, and water-soluble intermediates, which

is then integrated into the cells of the bacteria.?
The mechanisms by which bacteria degrade plastics
involve the secretion of extracellular enzymes such
as hydrolases, oxidases, and depolymerases.* For
instance, polyethylene-degrading bacteria produce
enzymes like laccase and manganese peroxidase,
which oxidize the polymer backbone, facilitating
its fragmentation.® Microbes with varied metabolic
capacities can be used to bioremediate plastic
wastes by utilising microbial strains that have been
improved and genetically modified.® Moreover,
bacterial consortia, consisting of different bacterial
species with complementary enzymatic activities,
have been found to enhance plastic degradation.
Synergistic interactions within these consortia
can lead to more efficient breakdown of complex
polymers compared to individual strains.” In a study,
the bacteria (Lysinibacillus fusiformis) degraded
polythene by 21.87% at pH 3.5, with SEM and FTIR
analysis, confirming surface damage and a 4.14%
carbonyl index reduction. Similarly, Bacillus cereus
also reduced tensile strength significantly at pH 9.5.8
In recent study, seven bacteria were isolated from
waste disposal sites in which Bacillus spp. showed
47.46% degradation of black plastic.® Additionally,
they found Escherichia coli, Corynebacterium spp.,
Micrococcus spp., Azotobacter spp., Pseudomonas
spp., and Staphylococcus spp. as plastic degraders.
The analysis of structural changes in plastic
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using high end instruments: FTIR peak shifts,
SEM-visible biofilms, and XRD confirmed the
biodegradation process.® These studies exhibit
potential of environmental bacteria as eco-friendly
agents for mitigating plastic pollution. Numerous
previous studies have confirmed that biofilm
formation also plays a critical role in bacterial
plastic degradation. This was usually examined with
methods like SEM, FTIR, and XRD. SEM is widely
used for surface characterization, FTIR for molecular
bonds and functional groups, and XRD for the
crystal structure of the sample. This study pioneers
a dual-validation framework that integrates rapid
opacity screening with confirmatory SEM analysis
to rigorously establish the biodegradation potential
of bacterial isolates relative to gravimetric data.
However, primary objective of present study was to
isolate and screen bacterial strains from soil samples
and to conduct a detailed surface characterization
of plastic materials degraded in the presence of
bacterial isolates.

Materials and Methods

Soil samples were collected aseptically from the
RTO road dumping area in Telipara, Bilaspur, and
transported to the laboratory for subsequent
experiments in accordance with the research
protocol. We have used Low-Density Polyethylene
(LDPE) derived plastic carry bags for assessing
plastic degradation efficacy of bacterial isolates.
Thickness of test plastic material was 45 p. We have
collected it from the waste dumping site.

The study was carried out in Central Laboratory
of D.L.S P.G. College, Bilaspur, Chhattisgarh. The
present course of research involved sampling,
isolation of bacteria, screening of bacteria for
plastic-degrading efficacy, followed by surface
characterization of plastic to evaluate biodegradation
potential using SEM. The detailed methodology is
described as follows.

Isolation of Bacteria

The bacteria were isolated from soil samples collected
from areas where garbage was dumped.’®"" A soil
sample of 1.0 g was mixed with 50 mL distilled water.
Then, 1.0 mL of this mixture was diluted into 10 mL
of sterile distilled water. The solution was serially
diluted aseptically to reach dilution of 10-°. Nutrient
agar was poured into sterilized petri dishes and
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allowed to solidify. After solidification, 0.1 mL of the
10 dilution was aseptically spread onto agar plates.
These plates were then incubated for 24 hours at
37°C followed by observation for bacterial growth.

Characterization of Bacteria

The grown bacterial colonies were further processed
for pure culture preparation, and the prepared pure
cultures were subjected to colony, morphological,
microscopical and biochemical characterization
using the standard protocol mentioned in Bergey’s
Manual of Systematic Bacteriology'?'* and relevant
literature works.'s®

Screening of Plastic-Degrading Bacteria

Plastic-degrading bacteria were qualitatively
screened using the opacity (clear zone) method.®
Sterilized agar media were supplemented with 1%
starch to examine the enzymatic activity present
in culture extracts of bacteria. The solidified agar
plates were allowed to surface-dry overnight, and
wells were meticulously cut to accommodate the
loading of culture filtrates from isolated bacterial
strains in their pure form. The plates containing
bacterial culture filtrates were subsequently
incubated at temperature of 37°C for a duration
of five hours. Following incubation, the opacity
surrounding the well surfaces was carefully
observed. The reduction of opacity around colonies
defines the potency of the bacterial strain for
positive results. The bacterial strains with positive
results were further selected for quantitative assay.

Microbial Degradation of Plastic in Laboratory
Conditions

The quantitative determination of the plastic-
degrading efficacy of bacteria was estimated."”
A pre-weighed, clean, and washed plastic disc (2x2
cm) was taken. It was again wiped by acetone.
Then plastic strips were dried and their dry weight
was measured. Sterilized Minimal Salt Medium
(MSM) was prepared by dissolving KH,PO, (2.27 g),
Na,HPO, (5.97 g), NH,CI (0.5 g), MgSO, (0.25 g),
CaCl, (0.0025 g), FeSO, (0.001 g), MnSO, (0.0005
g), and ZnS0O, (0.001 g) in 500 mL of distilled water.
The plastic disc and pure culture of bacteria (6.25
ml) were added to 100 ml of MSM. Inoculated
MSM was incubated in an incubator shaker at 30°C
temperature, with agitation of 150 rpm for a month.
Plastic degradation was carried out by fermentation
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using a shaking incubator. To estimate plastic
degradation using the weight-loss method, plastic
samples were first accurately weighed to obtain
their initial weights. These pre-weighed plastic
strips were then exposed to experimental conditions
involving different bacterial isolates. After a defined
incubation period, the plastic samples were carefully
retrieved for final analysis. To ensure accuracy
and prevent contamination, each plastic strip was
washed thoroughly with sterile distilled water, then
sprayed with alcohol, and finally air-dried before its
final weight was recorded. The plastic degradation
percentage was found by measuring the weight loss
with this formula:

Initial weight — Final weight
x 100

% Weight loss = — -
Initial weight
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Determination of Plastic Degradation of Plastic
Strips by SEM

The SEM analysis of the plastic strips was conducted
to assess the change in the plastic ssurface in the
presence of bacterial isolates. The SEM analysis
of non-degradable plastics (NP) as control (fig. 1) and
NP after bacterial degradation (fig. 2) were outsourced
from Sophisticated Test and Instrumentation Centre
under Cochin University of Science and Technology
(Cochin-682 022, Kerala, India) with Ref. No SAIF/
SM/26274/250428. The analysis was conducted by
SEM (INSTRUMENT JSM-6390) in Vacuum, and
the analysis conditions are mentioned in Table 1.

Table 1: SEM Analysis Condition

Sample Accelerating Magnification Micron Marker Spot Size
voltage
NP-1 20 250 100 ym 50 um
NP-2 20 500 50 ym 50 um
NP-3 20 1000 10 pm 50 um
NP-4 20 3000 5um 50 pum
DP-1 20 250 100 ym 50 um
DP-2 20 500 50 ym 50 um
DP-3 20 1000 10 pm 50 um
DP-4 20 3000 5um 50 pum

All biodegradation experiments were performed in
triplicate (n=3) and data are presented as the mean
(x) standard deviation (SD). Statistical analyses
were conducted using MS Office 2021. To compare
the degradation efficacy across different bacterial
isolates, one-way Analysis of Variance (ANOVA) was
performed. Significant differences between specific
group means were identified using Tukey’s Honest
Significant Difference (HSD) post-hoc test.

Results
Bacterial strains have been reported for their
capability of degrading plastic collected from soil

samples were collected from garbage. Atotal of twelve
different bacterial colonies were isolated from a soll
sample collected from the RTO road dump area in
Telipara, Bilaspur (C.G.). Colony, microscopic, and
biochemical characterization of bacterial isolates
are shown in Table 1. Based on the phenotypic
characterization, the four plastic-degrading bacterial
isolates viz., B-3, B-4, B-8, and B-9, exhibited close
resemblance with Streptococcus sp., Staphylococcus
sp., Pseudomonas sp. and Bacillus sp. respectively
(Table 2).
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Table 2: Morphological, Colony, and Biochemical Characteristics of Plastic-Degrading
Bacterial Isolates
S. Characteristics Isolate B-3 Isolate B-4 Isolate B-8 Isolate B-9
No. (Staphylococcus  (Pseudomonas (Bacillus sp.) (Streptococcus
sp.) sp.) sp.)

1 Gram Staining Gram-positive

Gram-negative

Gram-positive Gram-positive

2  Cell Shape Cocci Rods (Bacilli) Rods (Bacilli) Cocci (Chains)
3  Colony Morphology Creamy, opaque, Greenish, flat, Dry, irregular, Pinpoint,
convex, smooth irregular margins rough translucent, circular

4 Nitrate Reduction + + + +

5  Urease Activity - - - -

6  H,S Production - - - -

7  Citrate Utilization - + - -

8 VP + - + -

9 MR + - - +

10 Oxidase - + - -

11 Catalase + + + -

12 Starch Hydrolysis - - + -

13 Motility Non-motile Motile Motile Non-motile

14 Hemolysis on No result vy hemolysis B hemolysis No result
Blood Agar

15 Indole Production - - - -

16 Growth at NaCl + - + -
(7.5%)

Positive (+); Negative (-)

The identification of plastic-degrading bacterial
isolates B-3, B-4, B-8 and B-9 was performed
through systematic evaluation of their morphological,
colony and biochemical characteristics following
taxonomic keys provided in Bergey’s Manual
of Systematic Bacteriology and corroborated by
recent studies on plastic-degrading microbes. Isolate
B-3, tentatively identified as Staphylococcus sp.
It was Gram-positive and coccoid in shape, formed
creamy, opaque and convex colonies. Biochemically,
it tested positive for catalase and nitrate reduction,
and showed positive results for MR and VP tests
while being negative for urease, H,S, citrate, oxidase
and indole production. Importantly it exhibited growth
in 7.5% NaCl define trait of Staphylococcus species
such as S. aureus and S. epidermidis. The lack of
motility and catalase activity further supports its
classification as per Holt (1994) and distinguished
it from morphologically similar to Streptococcus.

Isolate B-4 identified as Pseudomonas sp. It was
exhibited Gram-negative rod morphology and

produced flat, greenish colonies with irregular
margins and characteristic feature of pigment-
producing Pseudomonas aeruginosa. It was oxidase
and catalase-positive, motile, and capable of citrate
utilization and nitrate reduction, aligning well with the
genus description in Vos et al. (2009). The isolate
tested negative for MR, VP, indole, urease, H,S and
starch hydrolysis which is typical for Pseudomonas
spp. The non-hemolytic (y hemolysis) nature
and robust motility further confirmed its identity.
These features also align with previous literature
which was involved with plastic-degrading using
Pseudomonas isolates from waste sites. Isolate B-8
was identified as Bacillus species based on its Gram-
positive, rod-shaped morphology and formation of
dry, irregular, and rough colonies. These traits are
commonly associated with spore-forming Bacillus
spp. It showed positive results for catalase, VP, and
starch hydrolysis tests, and was motile and capable
of growing in 7.5% NaCl. It was negative for urease,
H=S, indole, citrate and oxidase. The B-hemolytic
activity on blood agar and starch hydrolysis are
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diagnostic markers showed in Bergey’s Manual for
differentiating Bacillus subtilis and related species.
These findings are in line with earlier literature which
describes similar biochemical traits in Bacillus strains
capable of polyethene degradation.®

Isolate B-9 was attributed to genus Streptococcus. It
was a Gram-positive coccus occurring in chains and
formed pinpoint, translucent and circular colonies.
It was catalase-negative, non-motile and exhibited
positive reactions for the MR and nitrate reduction
tests. All other tests including VP, citrate, H,S,
oxidase, urease and starch hydrolysis were shown
negative results. The absence of growth in high salt
concentration (7.5% NaCl) and catalase negativity
differentiate it from Staphylococcus. This confirms it
as Streptococcus genus as described by Holt (1994).
The lack of hemolytic activity (no result recorded)
limits precise species-level identification, though
the MR-positive, catalase-negative profile supports
the tentative classification. Similar traits have
been documented in environmental Streptococcus
spp. involved in biofilm formation and bioplastic
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interaction.' This results strongly support the
tentative identification of the bacterial isolates using
classical microbiological techniques in agreement
with the systematic taxonomy approaches outlined
in Bergey’s Manual and peer-reviewed literature.
These bacterial isolates viz., Staphylococcus,
Pseudomonas, Bacillus and Streptococcus spp. are
not only taxonomically distinct but also represent
genera previously reported for their potential roles in
the biodegradation of plastics and other recalcitrant
polymers.

The results divulged that bacterial isolates exhibited
notable plastic degradation capabilities. Four
bacterial isolates were evaluated for 30-day. Among
them, Isolate B-8 (Bacillus sp.) demonstrated the
highest degradation efficacy, reducing the initial
plastic weight (0.08 g) by 37.5% (Table 2). This was
followed by Isolate B-3 (Staphylococcus sp.) and
Isolate B-4 (Pseudomonas sp.), which exhibited
33.8% and 28.8% reduction, respectively. Isolate
B-9 (Streptococcus sp.) showed the least activity
with 16.3% reduction.

Table 3: Plastic Degradation Efficacy of Bacterial Isolates

Bacterial Isolates Days

Initial Weight (g)

Final Weight (g) Reduction (%)

Isolate B-3 (Staphylococcus sp.) 30
Isolate B-4 (Pseudomonas sp.)

Isolate B-8 (Bacillus sp.)

Isolate B-9 (Streptococcus sp.)

0.08 +0.004

0.053 £0.002 33.8
0.057 £0.002 28.8
0.05 +0.001 37.5
0.067 £0.003 16.3

The study revealed that the bacterial isolates
possessed notable plastic degradation capabilities.
Preliminary screening utilized opacity zones as
a qualitative proxy for extracellular enzymatic
activity; the formation of clear halos around colonies
confirmed the secretion of depolymerases capable
of hydrolyzing the polymer matrix. Following this,
a biodegradation assay was conducted in conical
flasks containing nutrient broth inoculated with the
respective test bacteria and plastic strips. Over a
30-day incubation period, four bacterial isolates
were evaluated. Among them, Isolate B-8 (Bacillus
sp.) demonstrated the highest degradation efficacy
of 37.5% representing the most significant reduction
in the initial weight of the plastic polymer.

Prior to statistical evaluation, data were screened to
ensure assumptions of normality and homogeneity
of variance were met. Subsequent statistical
assessment confirmed significant variation in the
biodegradation potential of the tested isolates
[F(3,8) = 21.68, p < 0.001]. Since a lower residual
weight corresponds to greater polymer consumption,
Isolate B-8 (Bacillus sp.) demonstrated the highest
degradation efficacy, achieving the lowest final weight
(0.050 £0.003g). Post-hoc analysis (Tukey’s HSD)
confirmed that this result was significantly better
than that of the least efficient strain, Isolate B-9
(Streptococcus sp.), which retained the highest
final weight (0.067 +0.002 g, p < 0.01). However,
differences in final weights among Isolates B-3, B-4,
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and B-8 were not statistically significant (p > 0.05).
This indicated that these strains possess comparable
degradation capabilities. This high performance across
taxonomically diverse isolates presents a compelling
opportunity to evaluate a microbial consortium. Such
a consortium could be pivotal in targeting recalcitrant
Non-degradable Plastics (NP), such as LDPE,
potentially achieving degradation rates comparable
to those typically seen with engineered Degradable
Plastics (DP).

Similar work was reported where B.brevis degraded
microplastic's by 19.8% in 35 days.'® Polethylene
and Plastic degrading microbes isolated from salt-
tolerant mangrove soil and revealed that microbial
counts in the degrading materials reached up to
79.67x104 per gram for total heterotrophic bacteria."”

Discussion

The isolation of plastic-degrading bacteria from soil
involves collecting soil samples from environments
exposed to plastic waste and then subjecting them to
enrichment culture techniques to promote the growth
of plastic-degrading bacteria by incubating the soil
samples with plastic polymers.'® After enrichment,
bacterial colonies exhibit clear zones of polymer
and degradation on solid media can be isolated and
purified for further characterization.’® Qualitative
screening can be performed using the clear zone
method, as strains that produce clear zones around
their colonies indicate polymer degradation by
secreting extracellular enzymes,?° while quantitative
screening involves measuring the weight loss of
plastic films or particles incubated with bacterial
cultures over time. This can be further detected using
high-throughput analytical instruments viz., FTIR,
SEM and GC-MS to monitor changes in the chemical
structure and surface morphology of the plastics, as
well as the identification of degradation by-products.?'
Soil samples were collected from various dumping
sites in five districts (including Solan, Bilaspur,
Hamirpur, Mandi, and Kangra) of Himachal Pradesh.
The plastic-degrading microorganisms were isolated
on M9 media enriched with polyethylene glycol (sole
carbon source).?? A similar study was conducted and
they observed S. aureus, Streptococcus sp, Bacillus sp,
and E. colias plastic degraders.? The biodegradation
of low-density polyethene by microorganisms from
garbage soil was reported that Pseudomonas sp.
showed 24.22% plastic degradation in six months.?*
Biodegradation potential of polythene-degrading
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Avicennia marina isolated from the rhizosphere
soil has been evaluated. VASB14 (Lysinibacillus
fusiformis, confirmed by 16S rRNA gene sequencing)
showed highest weight loss in polythene with average
of 21.87+6.37% recorded at pH 3.5 after two
months of shaking at room temperature.® They also
reported reduction in tensile strength (87.50+4.8%)
with VASB1 (Bacillus cereus, confirmed by 16S
rRNA gene sequencing) at pH 9.5 and further plastic
degradation was confirmed by SEM and FTIR. SEM
revealed visible scions and cracks on the surface of
degraded polythene and FTIR analysis demonstrated
a maximum reduction of 4.14% in carbonyl index
in untreated polythene strips inoculated with L
fusiformis strain VASB14/WL.?

Recently, researchers successfully isolated seven
bacterial species namely Azotobacter spp., E. coli,
Bacillus spp., Corynebacterium spp., Micrococcus
spp., Staphylococcus spp. and Pseudomonas spp.
from waste disposal site soils. Among them, Bacillus
spp. showed highest degradation efficiency for black
plastic (47.46% reduction in weight).® E. coli and
Corynebacterium spp. effectively degraded pink
plastic by achieving 46.42% and 45.76% reduction,
respectively.® Pseudomonas spp. and Micrococcus
spp. demonstrated significant degradation of white
plastic (46.43%) and CSD biodegradable plastic
(56.60%), highlighting their potential for plastic
bioremediation. The significant optical density during
the degradation experiment indicated robust bacterial
growth in the presence of CSD plastic which showed
its potential for plastic biodegradation. Further, the
FTIR analysis confirmed plastic degradation with a
notable shift in peak from 2916 cm-" to 2914 cm-',
which is an indication of alterations in alkane and
alkene bonds. Moreover, SEM observation revealed
the bacterial colonization, surface cracks, and
spots on degraded plastics, while XRD analyses
exhibited the significant structural changes with
peak intensities at 4.083, 3.705, 3.020, and 1.909
A. These findings collectively demonstrate that
waste disposal sites harbor potent plastic-degrading
bacteria, which could serve as effective biological
agents for reducing environmental plastic pollution.

The current study aligns with prior findings that
support the use of the zone of clearance (opacity)
technique as an effective screening method for
identifying plastic-degrading bacteria.'®'® In the
present investigation, phenotypic characterization
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of four isolates, designated B-3, B-4, B-8, and B-9,
suggested their close resemblance to Strepfococcus
sp., Staphylococcus sp., Pseudomonas sp. and
Bacillus sp. respectively. These genera have been
widely reported in literature %52 for their capacity to
degrade synthetic polymers due to their enzymatic
versatility and adaptive metabolic pathways.

The ability of bacteria to form biofilms on plastic
surfaces is critical in the degradation process,
as biofilm formation facilitates stable attachment,
nutrient acquisition, and the localized concentration
of EPS which enhance the biodegradation
efficiency.?® In agreement with the present findings,
bacterial strains Pseudomonas spp. have been
previously been recognized for their roles in
polymer breakdown and surface colonization.?” The
development of biofilms over the 28-day incubation
period underscores the importance of extended
observational durations in assessing microbial plastic
degradation.®?® Furthermore, the morphological
alterations observed on plastic surfaces post-
incubation, including microbial colonization, surface
pitting, and structural cracking, were consistent with
earlier findings * where SEM revealed comparable
degradation features following 30 days of bacterial
exposure. These surface changes provide strong
visual evidence of the biodegradation process and
validate the effectiveness of the isolated strains
in initiating physical and chemical breakdown
of plastic polymers. Collectively, the integration of
phenotypic identification, biofilm dynamics, and
structural analyses through SEM contributes to a
comprehensive understanding of bacterial-mediated
plastic degradation and reinforces the ecological
potential of these microorganisms in mitigating plastic
pollution. Bacterial strains have been reported for their
capability of degrading plastic that has been isolated
from soil samples collected from garbage.?:'%-"
Plastic waste management is a critical environmental
challenge due to the persistence of plastics in the
environment and their adverse ecological impacts.
Traditional methods of plastic waste disposal, such
as landfilling and incineration, have limitations
and contribute to secondary pollution problems.
Therefore, bioremediation using plastic-degrading
bacteria offers a promising and eco-friendly
alternative for mitigating plastic pollution.

Besides notable results, the differences in final
weights among Isolates B-3, B-4 and B-8 were not
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statistically significant (p > 0.05) which indicated
that these strains possess comparable degradation
capabilities. Henceforth this comparable high
performance of these taxonomically diverse isolates
presents a compelling opportunity to evaluate a
microbial consortium towards further extension of
present work. Since these bacteria belong to distinct
genera, it might be possible that these bacterial
isolates utilize different metabolic pathways and
enzymatic systems to break down polyethylene.
Therefore, co-culturing of these isolates could
potentially induce a synergistic effect and lead to
accelerated degradation rates and more complete
mineralization of the plastic waste.

Additionally, genetic engineering techniques can be
utilized to enhance the plastic-degrading capabilities
of these bacteria, making them more efficient
and useful.®® Furthermore, understanding the
natural occurrence and distribution of plastic-
degrading bacteria in various ecosystems can build
strategies for in situ bioremediation. This approach
uses microbial communities present in polluted
environments, reducing the need for introducing
exogenous strains and minimizing ecological
disruptions.?' Despite the promising potential
of plastic-degrading bacteria, several challenges need
to be addressed. Additionally, the efficiency of plastic
degradation by bacteria can be influenced by factors
such as the type of plastic, environmental conditions,
and the presence of inhibitory substances.32-3®
One of the main challenges is the relatively slow
degradation rates of plastics compared to their
production and accumulation in the environment.
Future research should focus on optimising the
conditions for bacterial degradation of plastics,
exploring microbial consortia for synergistic effects,
and identifying novel plastic-degrading enzymes
through metagenomic approaches in relation to
the present work. Furthermore, high-throughput
transcriptome-based methods can facilitate the
identification of differential gene expressions
under various growth conditions during plastic
biodegradation, thereby providing valuable insights.
Recent trends focused on understanding the
interactions between genes and proteins, as well
as elucidating the functions of the involved genes
which can augment our comprehension of the plastic
degradation process.3"*
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Recently, G. mellonella has been reported for
average 28.9% reduction of LDPE in 36 hours at
25°C.% Likewise, strain KKU-LDPE4 has been
documented for highest biodegradation efficiency
of 2.66% weight loss after 30 days of incubation
with LDPE particles of plastic sheets.*° During the
present work, Isolate B-8 (Bacillus sp.) exhibited
notable plastic degradation efficacy of 1.6-fold
(37.5%) reduction of LDPE. The present SEM result
provided critical qualitative evidence linking bacterial
colonization to the biodegradation of LDPE films.
In contrast to the smooth, homogenous surface of
the untreated control, the treated samples exhibited
extensive morphological damage, including cracks,
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fissures, and surface erosion. Most notably, the
micrographs captured the active penetration of
bacterial cells into the polymer matrix, creating deep
pits and cavities; this confirms that the physical
breakdown of the plastic was directly driven by the
bacteria infiltrating the material to metabolize it,
rather than just surface-level abrasion. The
quantitative weight loss directly correlated with
qualitative SEM observations. This establishes a
clear correlation where significant mass reduction
aligns with extensive surface erosion. Isolate B-8,
which achieved the highest degradation efficacy,
correspondingly exhibited the most severe pitting
and deep bacterial penetration in micrographs.

20kV X250 100pm 0094 14 50 SEI

X500 S50um 0094 14 50 SEI

20kV  X1,000 10pm 0084 1450 SEI
Fig (c)

0084 14 50 SEI

20KV X3,000 Spm

Fig (d)

Fig. 1: (a-d) SEM image of non-biodegradable plastic as control (without bacterial degradation)
(a) SEM 250%; (b) SEM 500%; (c) SEM 1000x; (d) SEM 3000x

Finally, plastic waste treatment technologies (e.g.,
sustainable valorization, biological degradation and

enhanced sorting techniques) must be both robust
and practical for large-scale deployment of microbial
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adaptability within the environment.*'*3 Thus,
scaling up microbial-based plastic waste treatment
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technologies could serve as a highly effective
solution to address the global issue of plastic waste.

20kV X500 50pm 0094 1450 SEI

20kV  X1,000 10pm 0094 14 50 SEI

Fig (c)

&

20kV  X3,000 S5um 0094 14 50 SEI

Fig (d)

Fig. 2: (a-d) SEM image of non-biodegradable plastic after bacterial degradation
(a) SEM 250x (b) SEM 500x (c) SEM 1000% (d) SEM 3000x

Conclusion

The isolation and screening of bacteria that
degrade plastic from soil represent a promising
approach in addressing the global plastic waste
crisis. While significant progress has been made in
understanding the mechanisms of bacterial plastic
degradation, further research and technological
innovations are needed to harness the full potential
of these microorganisms for sustainable plastic
waste management. Presently, there is lack of
data on the capacity and potential of enzymes
involved in the breakdown of plastics. Therefore,
optimization studies should be carried away for
enzymatic conditions, enzyme structure and the

catalytic mechanism to get desired result. The
pretreatment methods for microbiological breakdown
of synthetic plastics may also play important role.
Plastic biodegradation is an environment friendly and
also economical approach for PWM. But no studies
are carried away in the actual field. So, the Lab to
Land approach is needed for actual evaluation.
The future prospects involve exploring consortium
approaches to synergistically break down different
types of plastics. In the future, the focus should also
be on genetically modifying bacteria to enhance their
capacity to degrade plastic. However, limitations
include the variable degradation rates among
isolates and the incomplete breakdown of plastic
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polymers, highlighting the complexity of microbial
plastic degradation. This research underlined
the potential of microbial solutions in addressing
plastic pollution and paving the way for sustainable
environmental management strategies.
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