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Abstract: 
The enzymatic biodegradation of low-density polyethylene (LDPE) and polyethylene terephthalate (PET) by indigenous 
bacterial isolates and their defined consortia recovered from dump yard soils was investigated using an integrated multi-
analytical approach. Four Gram-positive bacterial isolates — Streptomyces albus S1, Micrococcus luteus S2, Nocardia 
asteroides S3, and Staphylococcus epidermidis S4 — were evaluated individually and in consortium combinations for 
their plastic-degrading potential. Extracellular enzymatic assays revealed specific esterase activities ranging from 0.42 ± 
0.069 to 1.18 ± 0.139 U mg⁻¹ protein among monocultures and 1.76 ± 0.173 to 2.94 ± 0.260 U mg⁻¹ protein among 
bacterial consortia, with cutinase-like activity displaying a similar pattern of enhancement in mixed cultures. Polymer 
degradation was further supported by PCR amplification of esterase-encoding (est) and cutinase/PETase-like genes in 
all four isolates, indicating the presence of genetic determinants associated with polyester hydrolysis. Gravimetric 
analysis demonstrated measurable degradation of both polymers, with weight losses of 1.4–4.6% for LDPE and 3.2–
7.8% for PET in monoculture treatments, increasing to 8.1% and 12.4%, respectively, in the best-performing consortium 
(S3+S4). Scanning electron microscopy revealed progressive structural deterioration of treated plastic films, including 
surface roughening, micro-cracks, pitting, erosion channels, and dense biofilm colonization. Complementary ATR-FTIR 
spectroscopic analysis confirmed chemical modification of the polymer matrices, evidenced by C–H backbone oxidation 
in LDPE and attenuation of ester-associated absorption bands in PET accompanied by the emergence of carbonyl and 
hydroxyl functional groups. Across all analytical parameters, bacterial consortia demonstrated significantly higher 
degradation efficiency than individual isolates (p < 0.05), highlighting the synergistic advantage of mixed microbial 
systems. Collectively, these findings demonstrate that indigenous dump yard soil bacteria possess enzymatic capabilities 
for the biodegradation of synthetic polymers and emphasize the potential of consortium-based microbial strategies for 
sustainable plastic bioremediation. 
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1. Introduction 
The global proliferation of synthetic plastics has 
emerged as one of the most pressing environmental 
challenges of the modern era. Current estimates 
indicate that annual global plastic production exceeds 
400 million metric tons, and projections suggest that 
this value may double by 2050 if current consumption 
patterns continue (PlasticsEurope, 2023; Geyer et al., 
2017). The durability, low cost, and versatility that 
make plastics indispensable in modern society 
simultaneously contribute to their environmental 
persistence. Consequently, the limitations of 
conventional waste management strategies have 
become increasingly evident as large quantities of 
plastic waste accumulate in landfills, aquatic 
environments, and terrestrial ecosystems. 
Among the most widespread and environmentally 
persistent polymers are low-density polyethylene 
(LDPE) and polyethylene terephthalate (PET), which 
together constitute a substantial proportion of global 
post-consumer plastic waste. LDPE is extensively used 
in packaging materials such as plastic bags, films, and 
agricultural mulch due to its flexibility and chemical 

stability. However, its branched polymeric structure 
and strong carbon–carbon backbone make it highly 
resistant to chemical and biological degradation. The 
absence of reactive functional groups, combined with 
its hydrophobic surface characteristics and low surface 
energy, significantly restricts microbial adhesion and 
enzymatic attack. 
PET, although chemically distinct from polyethylene, 
demonstrates comparable environmental persistence. 
This thermoplastic polyester contains repeating ester 
linkages within its polymer backbone, theoretically 
rendering it more susceptible to hydrolytic degradation 
than polyolefins such as LDPE. Nevertheless, 
degradation of PET under natural conditions remains 
extremely slow due to its high crystallinity, 
hydrophobic surface properties, and tightly packed 
polymer chains, all of which limit enzymatic 
accessibility to the ester bonds within the polymer 
matrix. As a result, both LDPE and PET can persist in 
natural environments for several decades after disposal. 
Conventional plastic waste management strategies—
including incineration, mechanical recycling, and 
landfilling—have proven insufficient to address the 
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magnitude of global plastic pollution. Incineration may 
reduce waste volume but is frequently associated with 
the release of greenhouse gases and toxic by-products, 
while landfilling contributes to the long-term 
accumulation of plastics in soil ecosystems. 
Mechanical recycling is often constrained by polymer 
contamination, deterioration of material properties 
during repeated processing cycles, and economic 
limitations (Thompson et al., 2009; Barnes et al., 
2009). In addition, the progressive fragmentation of 
larger plastic items leads to the formation of 
microplastics, which are increasingly recognized as 
emerging environmental contaminants with potential 
ecological and human health implications. 
In response to these challenges, microbial 
biodegradation has gained considerable attention as a 
promising and environmentally sustainable strategy for 
plastic waste mitigation. Microorganisms inhabiting 
plastic-contaminated environments have demonstrated 
the capacity to colonize polymer surfaces and, in 
certain cases, utilize plastic-derived compounds as 
carbon and energy sources. Research interest in 
enzymatic plastic degradation expanded significantly 
following the discovery of the bacterium Ideonella 
sakaiensis 201-F6 and its PET-degrading enzyme 
PETase, which is capable of hydrolyzing PET into 
environmentally benign monomeric products (Yoshida 
et al., 2016). Since this discovery, numerous bacterial 
taxa—including Pseudomonas, Bacillus, Rhodococcus, 
Streptomyces, and Comamonas—have been associated 
with plastic surfaces and shown varying capacities for 
polymer modification and degradation (Muhonja et al., 
2018; Pathak and Navneet, 2017). Recent reviews have 
further emphasized the expanding diversity of 
microorganisms capable of interacting with synthetic 
polymers in natural environments (Wei and 
Zimmermann, 2017; Danso et al., 2019; Zhang et al., 
2023). 
Plastic-contaminated environments such as dump yard 
soils represent particularly promising reservoirs of 
plastic-degrading microorganisms. In such habitats, 
microbial communities are continuously exposed to 
synthetic polymers and associated additives, creating 
strong selective pressures that may promote the 
evolution or enrichment of metabolic pathways capable 
of polymer modification and degradation. The 
microbial assemblages that colonize plastic surfaces—
collectively referred to as the plastisphere—are 
increasingly recognized as specialized ecological 
niches enriched in microorganisms possessing 
hydrolytic and oxidative enzymatic capabilities. 
Despite the rapid expansion of research in this field, 
many studies investigating plastic biodegradation rely 
primarily on indirect indicators, such as gravimetric 
weight loss, visual surface deterioration, or changes in 
turbidity during microbial growth. Although such 
observations may suggest polymer modification, they 
do not necessarily demonstrate true enzymatic 
depolymerization. Apparent degradation may arise 
from biofilm formation, abiotic oxidation, or leaching 
of low-molecular-weight additives, rather than actual 
cleavage of the polymer backbone. Therefore, 

establishing the enzymatic and molecular mechanisms 
underlying microbial plastic degradation is essential for 
advancing the field and enabling the development of 
reliable biotechnological solutions. 
Several classes of enzymes have been implicated in 
plastic biodegradation. Esterases, lipases, and cutinases 
are among the most extensively studied enzymes 
involved in polyester degradation, while oxidative 
enzymes such as laccases, manganese peroxidases, and 
alkane hydroxylases are believed to participate in the 
initial oxidation of polyolefins including polyethylene 
(Müller et al., 2005; Wei and Zimmermann, 2017). In 
the case of PET, cutinase-like enzymes and PETase 
variants catalyze hydrolysis of the ester bonds within 
the polymer backbone, generating soluble 
intermediates such as terephthalic acid and ethylene 
glycol. In contrast, degradation of LDPE typically 
requires an initial oxidative modification step, during 
which oxygen-containing functional groups are 
introduced into the otherwise inert hydrocarbon chain, 
thereby facilitating subsequent microbial assimilation 
(Restrepo-Flórez et al., 2014). 
Another important factor influencing the efficiency of 
plastic biodegradation is the use of microbial consortia 
rather than individual isolates. Multi-species microbial 
communities frequently demonstrate enhanced 
degradation efficiency due to synergistic interactions 
among complementary metabolic pathways, 
cooperative biofilm formation, and the utilization of 
intermediate degradation products by different 
organisms within the consortium. Such cooperative 
interactions enable microbial consortia to collectively 
target a broader range of chemical bonds present in 
complex polymer substrates (Skariyachan et al., 2018). 
In light of these considerations, the present study was 
designed to move beyond preliminary phenotypic 
observations and provide mechanistic validation of 
plastic biodegradation by indigenous bacteria. Bacterial 
isolates and defined consortia recovered from dump 
yard soils were evaluated for their ability to degrade 
LDPE and PET using an integrated analytical 
approach. The study combined extracellular enzyme 
assays, PCR-based detection of plastic-degradation-
associated genes, gravimetric weight loss 
measurements, scanning electron microscopy (SEM), 
and Fourier transform infrared spectroscopy (FTIR) to 
examine structural, chemical, and enzymatic evidence 
of polymer degradation. By integrating these 
complementary analytical techniques, this study aims 
to establish a clear mechanistic link between microbial 
enzymatic activity and polymer modification, thereby 
contributing to the expanding body of knowledge on 
enzymatic plastic biodegradation and its potential 
application in sustainable plastic waste management. 
In light of these considerations, the present study was 
designed to move beyond preliminary phenotypic 
observations and provide mechanistic validation of 
plastic biodegradation by indigenous bacteria. Bacterial 
isolates and defined consortia recovered from dump 
yard soils were evaluated for their ability to degrade 
LDPE and PET using an integrated analytical 
approach. The study combined extracellular enzyme 
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assays, PCR-based detection of plastic-degradation-
associated genes, gravimetric weight-loss 
measurements, scanning electron microscopy (SEM), 
and Fourier transform infrared spectroscopy (FTIR) to 
examine structural, chemical, and enzymatic evidence 
of polymer degradation. 
Despite increasing reports of microbial plastic 
degradation, relatively few studies have simultaneously 
integrated enzymatic, molecular, microscopic, and 
spectroscopic evidence to establish a mechanistic link 
between microbial activity and polymer structural 
modification. Therefore, this study aims to provide 
comprehensive mechanistic evidence for LDPE and 
PET biodegradation by indigenous dump-yard bacterial 
isolates and consortia, thereby contributing to a deeper 
understanding of enzymatic plastic degradation and its 
potential application in sustainable plastic waste 
management. 
 
2. Materials and Methods 
2.1 Bacterial Isolates and Consortium Preparation 
Plastic-degrading bacterial isolates used in this 
investigation were obtained from an established culture 
repository derived from dump-yard soil samples 
collected from plastic waste disposal sites in the 
Hyderabad region of India. The isolates had previously 
undergone taxonomic and phenotypic characterization 
through standard morphological assessment, including 
colony morphology, Gram staining, and cellular 
arrangement, along with biochemical profiling and 16S 
rRNA gene sequencing. Species-level identification 
was confirmed through BLAST comparison against the 
NCBI nucleotide database using a ≥98% sequence 
similarity threshold. 
For experimental use, individual isolates were 
subcultured on Nutrient Agar (HiMedia, India) and 
incubated at 30 ± 2 °C for 24–48 hours to ensure 
physiological activity and culture purity. Bacterial 
consortia were prepared by combining equal volumes 
of overnight broth cultures of selected isolates. Each 
component of the consortium was standardized to an 
optical density of 0.5 at 600 nm (OD₆₀₀) using a UV–
Vis spectrophotometer, corresponding to approximately 
1.5 × 10⁸ CFU/mL. Mixed inocula were freshly 
prepared for each experimental run to minimize 
compositional variation. Both monocultures and 
defined consortia were evaluated in parallel to enable 
direct comparative assessment of biodegradation 
efficiency. 
 
2.2 Plastic Substrate Preparation 
Commercial-grade low-density polyethylene (LDPE; 
density 0.91–0.93 g/cm³) and polyethylene 
terephthalate (PET) films were used as the sole carbon 
substrates. The films were cut into uniform strips 
measuring approximately 1 × 1 cm using sterile 
stainless-steel scissors to ensure uniform surface area 
exposure. 
Prior to experimentation, the plastic strips underwent a 
decontamination procedure consisting of immersion in 
70% ethanol for 30 minutes under gentle agitation to 
remove surface contaminants and microbial residues. 

The strips were subsequently rinsed three times with 
sterile distilled water to eliminate residual ethanol. 
Following washing, the strips were oven-dried at 60 °C 
for 24 hours to ensure complete moisture removal and 
then stored in a desiccator until further use. 
Immediately before inoculation, all plastic strips were 
sterilized by ultraviolet irradiation inside a laminar 
airflow cabinet for 30 minutes on each side. This 
procedure ensured surface sterility without introducing 
thermal or chemical alterations associated with 
autoclaving. Each strip was weighed using a calibrated 
analytical balance to four decimal places to determine 
the initial weight (W₀), which was recorded for 
subsequent gravimetric analysis. 
 
2.3 Biodegradation Experiment 
Biodegradation assays were carried out in 100 mL 
Erlenmeyer flasks containing 50 mL of Mineral Salt 
Medium (MSM) supplemented with plastic strips as the 
sole carbon source. The composition of MSM per liter 
was as follows: KH₂PO₄ (1.0 g), K₂HPO₄ (1.0 g), 
NH₄NO₃ (1.0 g), MgSO₄·7H₂O (0.2 g), FeSO₄·7H₂O 
(0.01 g), and NaCl (0.5 g). The pH of the medium was 
adjusted to 7.0 ± 0.2 and sterilized by autoclaving at 
121 °C for 15 minutes. 
Each flask containing a plastic strip was inoculated 
with 1 mL of bacterial monoculture or consortium 
suspension standardized to OD₆₀₀ = 0.5. The cultures 
were incubated at 30 ± 2 °C on a rotary shaker at 120 
rpm for 30 days. 
Uninoculated flasks containing MSM and plastic strips 
served as abiotic controls to account for non-biological 
changes in polymer mass or structure. All treatments 
were performed in triplicate to ensure reproducibility. 
During the incubation period, flasks were periodically 
monitored for turbidity and pH changes as indirect 
indicators of microbial growth and metabolic activity. 
 
2.4 Enzymatic Activity Assays 
Extracellular enzymatic activity was evaluated using 
cell-free culture supernatants. After the incubation 
period, broth cultures were centrifuged at 10,000 × g 
for 20 minutes at 4 °C, and the supernatant was filtered 
through 0.22 μm membrane filters to remove remaining 
cellular material. 
 
Esterase and Lipase Activity 
Qualitative screening for esterase and lipase activity 
was carried out using Tributyrin Agar (HiMedia) 
containing 1% (v/v) tributyrin as an emulsified 
substrate. Ten microliters of culture supernatant were 
introduced into defined wells on the agar surface and 
incubated at 30 °C for 48–72 hours. Hydrolytic activity 
was indicated by the formation of clear zones 
surrounding the inoculation site due to substrate 
degradation. The diameters of the halos were measured 
and compared among isolates and consortia. 
Quantitative esterase activity was determined 
spectrophotometrically using p-nitrophenyl acetate 
(pNPA) as a chromogenic substrate. Absorbance was 
measured at 405 nm, and enzyme activity was 
calculated based on the release of p-nitrophenol using a 
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standard calibration curve. Enzyme activity was 
expressed as μmol min⁻¹ mg⁻¹ protein. 
 
Cutinase-like Activity 
Cutinase activity was evaluated using p-nitrophenyl 
butyrate (pNPB) as an ester-linked substrate associated 
with PET hydrolysis. Reactions were conducted in 96-
well microplates containing 180 μL of substrate 
solution (1 mM pNPB prepared in 50 mM Tris–HCl 
buffer, pH 8.0). The reaction was initiated by adding 20 
μL of culture supernatant. 
Absorbance at 405 nm was monitored at 37 °C for 60 
minutes using a microplate reader. Enzyme activity 
was calculated using a p-nitrophenol standard curve 
and expressed as μmol min⁻¹ mg⁻¹ protein. Total 
protein concentration was determined by the Bradford 
assay using bovine serum albumin (BSA) as the 
reference standard. 
 
2.5 Molecular Detection of Enzyme-Encoding Genes 
Genomic DNA was extracted from overnight bacterial 
cultures using a commercial DNA purification kit 
(HiPurA™ Bacterial Genomic DNA Purification Kit, 
HiMedia, India) according to the manufacturer’s 
instructions. DNA quality and concentration were 
assessed using NanoDrop spectrophotometry, and 
samples with an A₂₆₀/A₂₈₀ ratio between 1.8 and 2.0 
were considered suitable for PCR analysis. 
PCR amplification was performed in 25 μL reaction 
mixtures containing PCR master mix (Taq DNA 
polymerase, dNTPs, and MgCl₂), 0.5 μM forward and 
reverse primers, and 50–100 ng of genomic DNA. 
Degenerate primers targeting conserved regions of 
esterase-encoding (est) and cutinase/PETase-like genes 
were selected from previously published studies. 
Thermocycling conditions included initial denaturation 
at 95 °C for 5 minutes, followed by 35 cycles 
consisting of denaturation at 95 °C for 30 seconds, 
annealing at 55–60 °C for 30 seconds, and extension at 
72 °C for 1 minute per kilobase. A final extension step 
was performed at 72 °C for 10 minutes. 
PCR products were analyzed by electrophoresis on 
1.5% agarose gels containing ethidium bromide (0.5 
μg/mL) in 1× TAE buffer at 80 V for 45–60 minutes. 
Gel images were visualized under UV 
transillumination, and band sizes were compared with a 
100 bp DNA ladder (Thermo Scientific). The presence 
of bands corresponding to expected fragment sizes was 
considered evidence of target gene amplification. 
 
2.6 Scanning Electron Microscopy (SEM) 
Surface morphological changes in plastic films were 
examined using scanning electron microscopy (SEM). 
Both control (uninoculated) and bacterially treated 
plastic strips were analyzed after the incubation period. 
Samples were fixed in 2.5% (v/v) glutaraldehyde 
prepared in 0.1 M phosphate buffer (pH 7.2) for 2 
hours at 4 °C to preserve structural integrity. The 
samples were then washed three times with buffer and 
dehydrated through a graded ethanol series (30%, 50%, 
70%, 90%, and 100%, each for 15 minutes). After 
dehydration, samples were critical-point dried and 

sputter-coated with a 10–15 nm gold–palladium layer 
to improve conductivity. 
SEM imaging was performed at accelerating voltages 
of 5–15 kV and magnifications ranging from ×500 to 
×5000. Surface features such as biofilm formation, 
cracks, pits, furrows, roughening, and erosion zones 
were documented and compared between treated 
samples and controls. 
 
2.7 Fourier-Transform Infrared Spectroscopy 
(FTIR) 
Chemical modifications of plastic surfaces following 
biodegradation were analyzed using Fourier-transform 
infrared spectroscopy (FTIR) equipped with an 
attenuated total reflectance (ATR) accessory. Both 
untreated control films and bacterially treated samples 
were analyzed. 
Spectra were recorded in the mid-infrared region (400–
4000 cm⁻¹) at a spectral resolution of 4 cm⁻¹ with 32 
cumulative scans per sample to enhance signal quality. 
Background spectra were collected prior to each 
measurement and automatically subtracted. Data 
processing included baseline correction and spectral 
interpretation using the instrument software. 
Analysis focused on functional groups associated with 
polymer backbone structure and degradation processes, 
including C–H stretching (2800–3000 cm⁻¹), carbonyl 
(C=O) stretching (1700–1750 cm⁻¹), hydroxyl (O–H) 
stretching (3200–3500 cm⁻¹), and ester bond vibrations 
(1000–1300 cm⁻¹). Shifts in peak positions, variations 
in intensity, and the appearance of new absorption 
bands in treated samples compared with controls were 
interpreted as evidence of enzymatic oxidation and 
hydrolytic modification of the polymer structure. 
 
Results 
3.1 Enzymatic Activity Detection 
Extracellular enzymatic activity was evaluated in cell-
free culture supernatants obtained from bacterial 
isolates and bacterial consortia following 30 days of 
incubation with LDPE and PET substrates. Both 
qualitative plate-based assays and quantitative 
spectrophotometric measurements confirmed the 
secretion of esterase and cutinase-like enzymes by all 
tested cultures. However, notable differences in 
enzyme activity levels were observed between 
monocultures and mixed consortia. 
 
Esterase Activity 
Quantitative determination of esterase activity using p-
nitrophenyl acetate (pNPA) as the chromogenic 
substrate yielded specific activity values ranging from 
0.42 ± 0.069 to 1.18 ± 0.139 U mg⁻¹ protein among 
individual monocultures (Figure 3A). Among the 
isolates, Nocardia asteroides S3 exhibited the highest 
esterase activity (1.18 ± 0.139 U mg⁻¹ protein), 
followed by Streptomyces albus S1 (0.85 ± 0.104 U 
mg⁻¹ protein), Micrococcus luteus S2 (0.62 ± 0.087 U 
mg⁻¹ protein), and Staphylococcus epidermidis S4 
(0.42 ± 0.069 U mg⁻¹ protein), indicating variation in 
esterolytic potential among the isolates. 
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All bacterial consortia demonstrated markedly higher 
esterase activity compared with their respective 
monocultures. The specific activity values ranged from 
1.76 ± 0.173 U mg⁻¹ protein in the S1+S2 consortium 
to 2.94 ± 0.260 U mg⁻¹ protein in the S3+S4 
consortium. The S3+S4 consortium (N. asteroides + S. 
epidermidis) recorded the highest activity, representing 

approximately a 2.5-fold increase compared with the 
best-performing monoculture (S3). Statistical analysis 
confirmed that enzyme production in consortia was 
significantly greater than that of individual isolates (p < 
0.05), suggesting synergistic enhancement of enzyme 
production in mixed-culture systems. 

 

 
Figure 3A. Esterase activity using p-nitrophenyl acetate (pNPA) as substrate. 

 
Cutinase-like Activity 
Cutinase-like enzymatic activity was determined using 
p-nitrophenyl butyrate (pNPB) as an ester-linked 
substrate. Spectrophotometric analysis demonstrated 
progressive release of p-nitrophenol in all active culture 
supernatants, confirming the presence of enzymes 
capable of hydrolyzing ester bonds relevant to PET 
degradation (Figure 3B). 
Among monocultures, the specific activity ranged from 
0.38 ± 0.052 U mg⁻¹ protein in S. epidermidis S4 to 
1.05 ± 0.121 U mg⁻¹ protein in N. asteroides S3. The 
pattern of activity was similar to that observed in the 
esterase assay. In contrast, consortium cultures 
exhibited significantly higher enzymatic activity, with 

values ranging from 1.55 ± 0.156 U mg⁻¹ protein in 
S1+S2 to 2.72 ± 0.242 U mg⁻¹ protein in S3+S4. 
The S3+S4 consortium produced the highest cutinase-
like activity, with absorbance values at 405 nm 
approximately 2.3-fold higher than those observed for 
the most active monoculture. The activity trend among 
consortia followed the order: 
S3+S4 > S4+S1 > S2+S3 > S1+S2 
These results suggest that multi-species interactions 
enhance enzyme production. Furthermore, supernatants 
derived from PET-incubated cultures consistently 
exhibited higher cutinase-like activity than those 
obtained from LDPE cultures, indicating substrate-
induced enzyme expression due to the presence of ester 
linkages in PET. 

 

 
Figure 3B. Cutinase-like activity using p-nitrophenyl butyrate (pNPB) as substrate. 
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3.2 PCR Confirmation of Enzyme-Encoding Genes 
PCR amplification targeting esterase-encoding (est) 
genes and cutinase/PETase-like genes was performed 
on genomic DNA isolated from the four bacterial 
strains: Streptomyces albus S1, Micrococcus luteus S2, 
Nocardia asteroides S3, and Staphylococcus 
epidermidis S4. 
Agarose gel electrophoresis revealed distinct amplicon 
bands corresponding to the expected fragment sizes for 
both gene targets (Figure 4). Amplification of the 
esterase gene (est) produced bands of approximately 

550–600 bp in all isolates (Figure 4A). Similarly, 
amplification of cutinase/PETase-like genes generated 
bands at approximately 600–650 bp (Figure 4B). 
No amplification was detected in negative control 
reactions, confirming primer specificity and the 
absence of contamination. The presence of both gene 
types in all isolates indicates that these bacteria possess 
a genetic capacity for enzymatic polyester degradation, 
which is consistent with the enzyme activity results 
described in Section 3.1. 

 

Figure 4A Figure 4B 
Figure 4. Agarose gel electrophoresis of PCR amplification products from genomic DNA of bacterial isolates S1–S4. 

(A) Esterase-encoding gene (est) amplicons at approximately 550–600 bp. (B) Cutinase/PETase-like gene amplicons at 
approximately 600–650 bp. M: 100 bp DNA ladder; Lanes 1–4: isolates S1 (Streptomyces albus), S2 (Micrococcus 

luteus), S3 (Nocardia asteroides), S4 (Staphylococcus epidermidis) respectively 
 
3.3 Scanning Electron Microscopy 
Scanning electron microscopy (SEM) provided visual 
evidence of microbial colonization and structural 
changes on LDPE and PET films following 30 days of 
incubation. 
Control LDPE and PET films maintained under abiotic 
conditions displayed smooth and uniform surfaces 
without cracks, pits, or irregular structures. This 
confirms that the polymers remained structurally stable 
in the absence of microbial activity. 
In contrast, bacterially treated LDPE films exhibited 
significant surface deterioration relative to controls 
(Figure 5a). Observed changes included micro-cracks, 
surface roughening, shallow pits, and irregular erosion 
channels across the polymer surface. In several regions, 

microbial cells and extracellular polymeric substances 
were visible, indicating biofilm formation at sites of 
active degradation. 
PET films showed more pronounced structural damage 
compared with LDPE (Figure 5b). Surface features 
included deep pits, erosion zones, localized 
delamination, and extensive microbial colonization. 
These structural changes are consistent with enzymatic 
hydrolysis of ester bonds present in the PET polymer 
structure. 
Consortium-treated films exhibited more extensive and 
uniformly distributed surface damage compared with 
films treated with individual isolates, supporting the 
enhanced biodegradation capability of mixed microbial 
cultures. 
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Figure 5 (a)LDPE 

 

 
Figure 5 (b)PET 

Figure 5. Scanning electron micrographs of control and bacterially treated plastic films after 30 days of incubation. (a) 
LDPE film showing micro-cracks and surface erosion. (b) PET film showing deep pitting and biofilm colonization. 

 
3.4 FTIR Spectral Analysis 
Fourier Transform Infrared (FTIR) spectroscopy was 
used to evaluate chemical modifications in the polymer 
structure after bacterial treatment. 
The FTIR spectrum of untreated LDPE films displayed 
characteristic absorption bands typical of polyethylene, 
including strong C–H stretching peaks at 2915 cm⁻¹ 
and 2848 cm⁻¹, along with peaks at 1472 cm⁻¹ and 718 
cm⁻¹ corresponding to methylene bending vibrations 
(Figure 6A). After bacterial incubation, treated LDPE 
samples showed a noticeable reduction in the intensity 
of the C–H stretching peaks, indicating structural 
changes in the polymer backbone. 
Additionally, new absorption bands appeared in the 
carbonyl region (1715–1740 cm⁻¹) and a broad O–H 
stretching band (3200–3500 cm⁻¹) was detected. These 
spectral changes suggest the formation of oxidized 

functional groups such as aldehydes, ketones, and 
carboxylic acids as a result of microbial oxidation of 
the polymer chain. 
Untreated PET films showed characteristic peaks at 
1712 cm⁻¹ (ester C=O stretching), 1240 cm⁻¹ and 1090 
cm⁻¹ (C–O–C ester stretching), and 1408 cm⁻¹ 
(aromatic ring vibrations) (Figure 6B). Following 
bacterial treatment, the intensity of these ester-
associated peaks decreased significantly, indicating 
enzymatic hydrolysis of ester bonds. 
Among the isolates, Nocardia asteroides S3 produced 
the most pronounced spectral changes, consistent with 
its higher enzymatic activity observed in earlier assays. 
In addition, increased absorption in the 3200–3500 
cm⁻¹ region suggests the formation of hydroxyl-
containing degradation products such as ethylene 
glycol and terephthalic acid. 
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Overall, the FTIR results confirm that the observed 
weight loss and surface erosion correspond to actual 
chemical modification of the polymer structure, 

demonstrating enzymatic biodegradation of both LDPE 
and PET by the bacterial isolates. 

 

 
Figure 6 (A)LDPE 

 
Figure 6 (B)PET 
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Figure 6. ATR-FTIR spectra of untreated and bacterially treated plastic films. (A) LDPE showing oxidative structural 
modification. (B) PET showing reductions in ester-associated absorption bands consistent with enzymatic hydrolysis. 

4. Discussion 
The present study was designed to move beyond 
descriptive phenotypic observations of plastic-
degrading microorganisms and instead establish a 
mechanistically supported framework for the 
biodegradation of LDPE and PET using indigenous 
bacterial isolates and their defined consortia recovered 
from dump yard soils. Through the integration of 
gravimetric measurements, enzymatic assays, 
molecular gene detection, scanning electron 
microscopy, and FTIR spectroscopic analysis, the study 
provides a comprehensive and internally consistent 
dataset demonstrating that enzymatic processes 
constitute the principal drivers of polymer degradation 
under the experimental conditions employed. The four 
phylogenetically distinct Gram-positive bacterial 
isolates—Streptomyces albus S1, Micrococcus luteus 
S2, Nocardia asteroides S3, and Staphylococcus 
epidermidis S4—together with their defined consortia, 
collectively exhibited clear evidence of plastic 
degradation, confirming that indigenous soil 
microorganisms possess measurable biochemical 
potential for the breakdown of synthetic polymers. 
The molecular identification of the isolates as 
representatives of distinct Gram-positive genera is 
consistent with an expanding body of literature 
demonstrating that actinobacterial and firmicute 
lineages frequently dominate microbial communities 
associated with plastic-contaminated environments. 
Members of the genus Streptomyces have been widely 
reported as potent producers of extracellular enzymes 
capable of degrading complex organic substrates, 
including recalcitrant synthetic polymers. The detection 
of Streptomyces albus S1 as one of the plastic-
degrading isolates in this study is therefore notable, 
since streptomycetes are known to produce diverse 
extracellular oxidases, esterases, peroxidases, and 
cutinase-like enzymes capable of modifying 
hydrophobic polymeric substrates (Bhatt et al., 2021). 
These organisms possess large genomes enriched with 
biosynthetic gene clusters encoding secondary 
metabolites and hydrolytic enzymes, which contribute 
to their remarkable metabolic versatility (Mor and 
Sivan, 2008). Similarly, the detection of Micrococcus 
luteus S2 as a plastic-associated isolate aligns with 
previous studies documenting the ability of this species 
to modify hydrocarbon substrates and polymer surfaces 
through extracellular oxidases and esterases (Pathak 
and Navneet, 2017). The identification of Nocardia 
asteroides S3 is also consistent with established reports 
describing Nocardia species as hydrocarbon-degrading 
actinobacteria capable of oxidizing long-chain alkanes, 
a metabolic capability mechanistically relevant to 
polyethylene degradation due to the structural 
similarity between linear alkane chains and the 
polyethylene backbone (Nakajima-Kambe et al., 1999). 
Although Staphylococcus epidermidis S4 is less 
frequently reported as a plastic-degrading bacterium, 

the ability of staphylococci to form robust biofilms on 
polymeric surfaces and to express surface-associated 
esterases may facilitate early stages of polymer surface 
modification (Tribedi and Sil, 2013). The presence of 
these diverse bacterial taxa within dump yard soils 
reinforces the concept that plastic-contaminated 
environments select for microbial communities 
enriched in organisms capable of interacting with 
synthetic polymers. This observation is consistent with 
the emerging concept of the plastisphere, a specialized 
microbial ecosystem that develops on plastic surfaces 
and selectively enriches microorganisms possessing 
polymer-modifying enzymatic capabilities (Zettler et 
al., 2013). 
The gravimetric weight-loss values obtained in the 
present study are consistent with previously reported 
biodegradation rates for PET and LDPE under 
comparable laboratory conditions. Studies investigating 
PET degradation typically report weight loss values 
ranging from approximately 2% to 15% for individual 
bacterial strains over incubation periods of 30–60 days, 
with consortium-based systems sometimes achieving 
degradation levels approaching 20% under optimized 
conditions (Yoshida et al., 2016; Roohi et al., 2017). In 
this context, the PET degradation values of 3.2–7.8% 
observed for monocultures and up to 12.4% for 
bacterial consortia in the present study fall well within 
the range documented in the literature. As expected, 
LDPE degradation values were lower, reflecting the 
intrinsic structural recalcitrance of polyethylene 
relative to ester-linked polyesters such as PET. The 
LDPE weight reductions observed in this study—1.4–
4.6% for monocultures and up to 8.1% for consortia—
are therefore consistent with previously reported 
findings demonstrating that polyethylene degradation 
proceeds more slowly due to the absence of readily 
hydrolysable functional groups in its backbone 
structure (Muhonja et al., 2018; Restrepo-Flórez et al., 
2014). 
A key observation emerging from this work is the 
consistently superior biodegradation performance of 
bacterial consortia compared with individual 
monocultures across multiple analytical parameters, 
including enzymatic activity, weight loss, and surface 
structural modification. The enhanced performance of 
consortium-based systems can be explained through 
several complementary mechanisms. Individual 
microbial species within a consortium may contribute 
distinct enzymatic capabilities that collectively expand 
the range of chemical bonds that can be targeted within 
a polymer matrix. Such complementary enzymatic 
functions allow complex substrates to be degraded 
more efficiently than would be possible by a single 
organism acting independently (Skariyachan et al., 
2018). In addition, metabolic cross-feeding between 
consortium members may facilitate sustained 
degradation by allowing intermediate metabolites 
generated during polymer breakdown to be utilized as 
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carbon sources by other microorganisms within the 
community (Ru et al., 2020). Cooperative biofilm 
formation also plays an important role, as mixed 
microbial communities tend to form thicker and more 
stable biofilms on polymer surfaces, thereby 
concentrating extracellular enzymes at the polymer–
microbe interface and increasing the efficiency of 
catalytic degradation processes. 
The enzymatic assays conducted in the present study 
revealed the production of extracellular esterase and 
cutinase-like enzymes capable of hydrolyzing ester-
linked substrates relevant to polyester degradation. The 
detection of these activities in culture supernatants 
provides strong biochemical evidence that PET 
degradation occurs primarily through enzymatic 
hydrolysis of ester bonds linking terephthalate and 
ethylene glycol monomer units. Cutinases, belonging to 
the α/β-hydrolase fold family of serine hydrolases, have 
been extensively studied for their ability to hydrolyze 
plant cutin as well as synthetic polyester substrates 
such as PET (Müller et al., 2005; Ronkvist et al., 2009). 
The discovery of the PET-degrading bacterium 
Ideonella sakaiensis and its PETase enzyme (Yoshida 
et al., 2016) provided direct evidence that 
microorganisms can evolve specialized enzymatic 
systems for the degradation of synthetic plastics. 
PETase shares structural features with cutinases and 
functions by cleaving ester linkages within the PET 
polymer chain to release soluble intermediates 
including mono(2-hydroxyethyl) terephthalate, bis(2-
hydroxyethyl) terephthalate, terephthalic acid, and 
ethylene glycol. The PCR-based detection of 
cutinase/PETase-like genes in all four isolates 
examined in this study suggests that these bacteria 
possess homologous enzymatic systems capable of 
catalyzing polyester hydrolysis. The FTIR spectral 
data, which demonstrated reductions in ester-associated 
absorption bands accompanied by the appearance of 
hydroxyl-containing functional groups, provide 
independent chemical evidence supporting the 
occurrence of enzymatic ester bond cleavage in PET. 
In contrast to PET, the biodegradation of LDPE 
presents greater enzymatic challenges due to the 
chemically inert nature of its carbon-carbon backbone. 
Current mechanistic models propose that polyethylene 
degradation proceeds through an initial oxidative 
activation step followed by subsequent enzymatic 
depolymerization. During the initial phase, 
extracellular oxidoreductases—including laccases, 
manganese peroxidases, lignin peroxidases, and alkane 
hydroxylases—introduce oxygen-containing functional 
groups into the polymer chain through radical-mediated 
oxidation reactions (Restrepo-Flórez et al., 2014; 
Jacquin et al., 2019). This oxidative modification 
increases the hydrophilicity of the polymer surface and 
generates carbonyl and hydroxyl groups that serve as 
targets for further enzymatic attack. The FTIR spectral 
evidence obtained in the present study, particularly the 
emergence of carbonyl and hydroxyl absorption bands 
in treated LDPE samples, is consistent with this 

proposed mechanism of oxidative activation. 
Actinobacterial genera such as Streptomyces and 
Nocardia are known producers of extracellular 
oxidoreductases capable of catalyzing such reactions, 
supporting the interpretation that oxidative enzymatic 
processes play an important role in the observed LDPE 
degradation. 
Scanning electron microscopy provided direct 
morphological evidence supporting microbial 
involvement in polymer surface degradation. Control 
films maintained under abiotic conditions exhibited 
smooth and uniform surfaces, whereas bacterially 
treated films displayed clear signs of deterioration, 
including surface roughening, micro-cracking, pitting, 
and localized erosion. The frequent co-localization of 
microbial biofilms with regions of pronounced surface 
damage indicates that degradation processes are 
spatially associated with sites of microbial 
colonization. Biofilm formation plays a critical role in 
plastic biodegradation by facilitating microbial 
adhesion to hydrophobic polymer surfaces and by 
creating localized microenvironments in which 
extracellular enzymes can accumulate at high 
concentrations. The extracellular polymeric substances 
produced during biofilm development enhance cell 
attachment and promote cooperative interactions 
among microbial community members (Oberbeckmann 
et al., 2016). The more extensive surface damage 
observed in consortium-treated samples further 
supports the conclusion that multi-species microbial 
communities exhibit greater degradation efficiency due 
to enhanced biofilm stability and enzymatic diversity. 
The PCR-based detection of esterase and 
cutinase/PETase-like genes in all four isolates provides 
important molecular support for the enzymatic 
degradation mechanisms proposed in this study. The 
presence of these genes establishes a clear genotype-to-
phenotype relationship linking the genetic potential of 
the isolates with their observed enzymatic activities and 
polymer degradation capabilities. Increasing evidence 
from metagenomic surveys indicates that plastic-
contaminated environments are enriched in microbial 
genes encoding hydrolases, oxidoreductases, and 
hydrocarbon-degrading enzymes (Danso et al., 2019). 
Such enrichment likely reflects long-term selective 
pressure exerted by accumulated plastic waste in 
terrestrial ecosystems. The detection of plastic-
degrading enzyme genes in bacteria isolated from 
dump yard soils therefore supports the hypothesis that 
environmental microbial communities can adapt to 
anthropogenic pollutants by evolving metabolic 
pathways capable of transforming synthetic polymers. 
The biodegradation efficiencies observed in this study 
are comparable to values reported in several established 
investigations of microbial plastic degradation. For 
example, Skariyachan et al. (2018) reported PET 
weight loss values approaching 14.7% using bacterial 
consortia over 60 days of incubation, while Muhonja et 
al. (2018) documented LDPE weight reductions of 
approximately 6–9% using actinobacterial isolates over 
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40 days. The enzymatic activity levels detected in the 
present study, particularly the elevated esterase 
activities measured in consortium cultures, fall within 
the range reported for plastic-degrading bacterial 
enzymes in previous investigations. These comparisons 
place the findings of this work within the broader 
context of contemporary plastic biodegradation 
research while reinforcing the functional significance 
of the enzymatic activities identified. 
From a biotechnological perspective, the identification 
of indigenous plastic-degrading bacteria from dump 
yard environments has important implications for the 
development of sustainable bioremediation strategies. 
Indigenous microorganisms are already adapted to 
local environmental conditions and may therefore be 
more suitable for in situ bioaugmentation approaches 
than introduced microbial strains. Actinobacterial 
genera such as Streptomyces are also widely used in 
industrial biotechnology as hosts for enzyme 
production, suggesting that the enzymes identified in 
this study could potentially be cloned, expressed, and 
optimized through protein engineering strategies to 
enhance catalytic efficiency and substrate specificity 
(Bornscheuer, 2016; Tournier et al., 2020). 
Furthermore, the superior performance of defined 
bacterial consortia observed in this work supports the 
growing recognition that consortium-based systems 
may represent more realistic and effective approaches 
for large-scale plastic biodegradation than single-strain 
strategies. 
Despite the encouraging findings presented here, 
several limitations of the present study should be 
acknowledged. The biodegradation experiments were 
conducted under controlled laboratory conditions that 
may not fully replicate the complex environmental 
variables present in natural ecosystems, including 
fluctuations in temperature, moisture, ultraviolet 
radiation, and competing microbial populations. In 
addition, although FTIR analysis provided indirect 
evidence of polymer bond cleavage, the specific 
degradation intermediates and metabolic end products 
were not directly quantified using chromatographic or 
metabolomic techniques. Future studies incorporating 
high-resolution analytical methods such as GC–MS or 
LC–MS will be valuable for confirming degradation 
pathways and identifying intermediate metabolites 
generated during polymer breakdown. 
A further novel aspect of the present study lies in the 
integrated multi-analytical approach employed to 
validate polymer degradation, combining gravimetric 
analysis, enzyme assays, gene detection, microscopic 
imaging, and spectroscopic characterization within a 
single experimental framework. This comprehensive 
methodology provides stronger mechanistic evidence 
for enzymatic plastic degradation than studies relying 
on a single analytical technique. The identification of 
indigenous actinobacterial and firmicute isolates 
capable of degrading both PET and LDPE, together 
with the demonstration of enhanced degradation 
efficiency in defined consortia, contributes to the 

growing body of knowledge on microbial plastic 
biodegradation and highlights the potential of 
environmental microbial communities as valuable 
resources for the discovery of novel plastic-degrading 
enzymes. 
Future investigations should focus on detailed 
transcriptomic and proteomic analyses to identify the 
full complement of enzymes expressed during polymer 
degradation, structural characterization of key enzymes 
to facilitate rational engineering of improved 
biocatalysts, and metabolomic studies to track 
degradation products and evaluate the extent of 
polymer mineralization. In addition, field-scale 
microcosm experiments will be necessary to assess the 
effectiveness of these microbial systems under 
environmentally realistic conditions and to determine 
their potential applicability in large-scale plastic waste 
bioremediation programs. 
 
5. Conclusion 
This study successfully demonstrated the 
biodegradation of LDPE and PET by indigenous 
bacterial isolates and consortia recovered from dump 
yard soils. All four isolates — Streptomyces albus S1, 
Micrococcus luteus S2, Nocardia asteroides S3, and 
Staphylococcus epidermidis S4 — showed measurable 
plastic degradation, with N. asteroides S3 recording the 
highest enzymatic activity among individual isolates. 
Bacterial consortia, particularly S3+S4, consistently 
outperformed monocultures in all parameters including 
gravimetric weight loss, esterase and cutinase-like 
enzyme production, and polymer surface modification, 
confirming the synergistic advantage of mixed-culture 
systems. PCR amplification confirmed the presence of 
esterase-encoding and cutinase/PETase-like genes in all 
isolates, providing molecular evidence for the 
enzymatic basis of degradation. SEM analysis revealed 
progressive surface deterioration including micro-
cracking, pitting, and biofilm colonization on treated 
films, while FTIR spectroscopy confirmed chemical 
modification of both polymers through oxidative attack 
on LDPE and ester bond hydrolysis in PET. These 
findings establish that dump yard soil bacteria possess 
genuine enzymatic capacity for plastic biodegradation 
and that consortium-based approaches offer a practical 
and effective strategy for plastic bioremediation. The 
isolates identified, particularly actinobacterial species, 
represent promising candidates for future enzyme 
engineering and large-scale bioremediation 
applications. 
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