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ABSTRACT. This study evaluated the potential of two bacterial isolates obtained from pawpaw latex and cashew gum to 

promote the deterioration of low-density polyethylene (LDPE). Bacteria were isolated on nutrient agar and incubated with 

preweighed LDPE films (approximately 0.100 g) in mineral salts medium for 54 days. Changes in film mass, surface morphology 

and elemental composition were assessed using gravimetric analysis, scanning electron microscopy (SEM) and energy-dispersive 

X-ray spectroscopy (EDX), respectively. The isolates showed their closest reported 16S ribosomal RNA gene sequence matches 

to Enterobacter and Alcaligenes reference sequences. Films incubated with the pawpaw-latex isolate and cashew-gum isolate 

exhibited mass losses of 33.91% and 24.79%, respectively. SEM revealed surface folds, cracks and pores, while EDX indicated 

differences in surface elemental composition between treated and control films. These observations suggest LDPE-associated 

mass loss and surface deterioration under the experimental conditions. However, the absence of independent replication, the 

presence of glucose in the medium and the semiquantitative nature of EDX limit attribution of these changes to bacterial 

degradation of the polymer. The findings therefore provide preliminary evidence of LDPE deterioration but do not establish 

polymer mineralisation. Replicated experiments with appropriate carbon-source controls and analyses of polymer-chain changes, 

degradation products and mineralisation are required to confirm biodegradation and assess potential applications. 
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1. INTRODUCTION 

Degradation changes the physical or chemical state of a material (Fotopoulou & Karapanagioti, 2017). Waste-

management practices include open dumping, burning, and landfilling, which can have adverse environmental 

consequences (Babayemi & Dauda, 2009; Salami et al., 2019; Ongia et al., 2021). Municipal waste contains materials 

such as glass, metals, plastics, food residues, and paper (Oyebode, 2013). Plastics constitute an important component 

of municipal and industrial waste because they are inexpensive, lightweight, durable, and convenient (Raziyafathima 

et al., 2016; Kotova et al., 2021). Petroleum-derived plastics are widely used in packaging, medical supplies, and 

everyday products (Kale et al., 2015; Klemeš et al., 2020; Ammendolia et al., 2021). Their extensive use contributes 

to plastic-waste accumulation in landfills and terrestrial and aquatic environments (Vennila et al., 2014; Kantharajan 

et al., 2018; Olanrewaju & Oyebade, 2019; Embrandiri et al., 2022). 
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Approaches to plastic degradation include photodegradation, oxidative degradation, and biodegradation (Shawaphun 

et al., 2010; Gewert et al., 2015; Abdelmoez et al., 2021). Photodegradation is initiated by light exposure (Shawaphun 

et al., 2010), whereas oxidative degradation may be promoted by heat and light (Liu et al., 2014). Biodegradation 

involves biological agents, particularly microorganisms (Bremer, 2022). Polyethylene persists in the environment, 

although microorganisms may contribute to its deterioration under suitable conditions (Mohanan et al., 2020; 

Samanta et al., 2020; Pathak & Navneet, 2017; Montazer et al., 2020). Microorganisms associated with polymeric 

substrates have therefore attracted attention as potential agents of plastic transformation (Kotova et al., 2021; 

Venkatesan et al., 2022). Natural polymers are macromolecules of biological origin, and their associated 

microorganisms may possess enzymes relevant to polymer degradation (Rajeswari et al., 2017). Polyethylene (PE) is 

a widely used commodity plastic (Meran et al., 2008). Accordingly, this study aimed to assess the potential of two 

bacterial isolates obtained from pawpaw latex and cashew gum to degrade low-density polyethylene (LDPE). 

 

2. METHODOLOGY 

2.1. Preparation of LDPE films 

Food-grade low-density polyethylene (LDPE) freezer bags (Solaab, Lagos, Nigeria), with a reported thickness of 180 

µm (0.18 mm), were cut into 3 × 3 cm pieces. The target mass was 0.1000 g per specimen; the actual initial mass of 

each specimen was recorded and used in subsequent calculations. The films were sterilized in 70% ethanol for 3 h 

and oven-dried at 50 °C for 4 h (Akhigbe et al., 2023). 

 

2.2. Screening for Bacteria Associated with Natural Polymers 

Cashew gum and pawpaw latex were collected from their respective trees under sterile conditions. For each natural-

polymer source, a 1 g sample was mixed with 10 mL of sterile deionized water. Mineral salts medium (MSM; 100 

mL) was prepared in conical flasks using the reported formulation of 1 g K₂HPO₄, 1 g KH₂PO₄, 1 g NH₄NO₃, 0.02 g 

CaCl₂, 0.05 g FeCl₃, 0.2 g MgSO₄, and 1 g/L glucose (Torimiro et al., 2020). Each flask received 1 mL of the polymer 

suspension and 0.1 g of LDPE. The flasks were incubated with shaking for 7 days to assess microbial growth. 

Subsequently, 0.1 mL of each culture was spread on sterile nutrient agar and incubated at 37 °C for 24 h. Individual 

colonies were subcultured to obtain pure cultures for subsequent biodegradation assays. 

 

2.3. LDPE Biodegradation 

Sterile MSM (100 mL), a preweighed sterile LDPE film, and a standard inoculum of an individual bacterial isolate 

were added to each conical flask. Control flasks contained MSM and sterile preweighed LDPE film without bacterial 

inoculation. All flasks were incubated with shaking at 30 °C and 120 rpm. Culture growth was monitored at 5-day 

intervals by measuring absorbance at 620 nm using a UV–visible spectrophotometer. LDPE film mass was also 

measured at 5-day intervals under sterile conditions using an analytical balance. After 54 days, the films were 

recovered, rinsed with deionized water, immersed in 2% sodium dodecyl sulfate (SDS) solution for 1 h to remove 

adherent material, and oven-dried at 50 °C for 4 h. The recovered films were subjected to gravimetric and surface 

analyses. 
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2.4 Gravimetric Analysis of LDPE Films 

The percentage mass loss of LDPE films after 54 days was calculated from the initial and final film masses (Akhigbe 

et al., 2023): 

Mass loss (%) = [(initial mass − final mass)/initial mass] × 100  

The same films were weighed repeatedly under sterile conditions. 

 

2.5. SEM and EDX analyses of LDPE films 

After 54 days, the untreated control LDPE films and the films exposed to the selected bacterial isolates from each 

natural-polymer source were cut into smaller pieces and gold-coated for microscopy. Surface morphology and 

elemental composition were examined using a field-emission scanning electron microscope (JEOL JSM-7600F, Japan) 

equipped with an energy-dispersive X-ray (EDX) detector at an accelerating voltage of 20 kV (Oluwole et al., 2022). 

 

2.6. Identification of bacterial isolates by 16S rRNA gene sequencing  

Bacterial isolates from cashew gum and pawpaw latex that exhibited the highest observed LDPE-associated mass 

loss were cultured overnight in nutrient broth. The cultures were centrifuged at 4,722 rpm for 5 min, and the pellets 

were washed with phosphate-buffered saline before DNA extraction. Genomic DNA was extracted using the 

ZymoBIOMICS™ DNA MiniPrep kit (Onajobi et al., 2020). The 16S rRNA gene was amplified by polymerase chain 

reaction (PCR) using the universal primers 27F (AGAGTTTGATCMTGGCTCAG) and 1525R 

(AAGGAGGTGWTCCARCCGCA), following the PCR procedure reported by Akhigbe et al. (2023). The amplicons 

were purified by ethanol/EDTA precipitation and sequenced using an ABI PRISM 3500 genetic analyzer. Sequence 

data were examined in BioEdit and compared with GenBank sequences using the National Center for Biotechnology 

Information Basic Local Alignment Search Tool (BLAST). 

 

3. RESULTS AND DISCUSSION 

3.1. Gravimetric Analysis of LDPE Films 

The percentage mass losses of LDPE films during and after the incubation period are presented in Figure 1. Films 

incubated with bacterial isolates WB6 and ADA1 exhibited mass losses of 33.91% and 24.79%, respectively, after 54 

days. These observations suggest changes in film mass during incubation, although mass loss alone does not establish 

polymer biodegradation. 

 

The observed LDPE film mass losses ranged from 3.16% to 33.91%. Previous studies reported mass losses of 

approximately 10% (Montazer et al., 2020), 10.15% (Samanta et al., 2020), and 1.75–11% (Ru et al., 2020) in 

microbial treatments of LDPE. Other investigations reported losses of 30–36% (Kale et al., 2015) and 4.9–5.2% 

(Abraham et al., 2017). Differences in incubation conditions, polymer composition, pretreatment, and film-cleaning 

procedures limit direct comparisons between studies. The present measurements were unreplicated and should 

therefore be regarded as preliminary. 
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Figure 1. Percentage mass loss of LDPE films incubated with bacterial isolates obtained from natural polymers and of 

uninoculated control after 54 days. 

 

3.2. Surface characterisation of LDPE films 

3.2.1. EDX Analysis Results 

EDX measurements of the control film and the films incubated with WB6 and ADA1 are presented in Figure 2(a–c). 

The carbon contents of the WB6- and ADA1-treated films were 47.90% and 47.75%, respectively, compared with 

50.55% for the control. Nitrogen contents were 5.73% and 5.16%, respectively, corresponding to differences of −0.42 

and −0.99 percentage points relative to the control. Oxygen contents increased by 0.41 and 1.46 percentage points, 

respectively. Changes were also observed in sodium and sulfur contents. Table 1 summarizes the reported elemental 

compositions and their differences relative to the untreated control. These semiquantitative EDX results do not, by 

themselves, demonstrate assimilation of LDPE by the isolates. 

 

EDX analysis indicated lower relative carbon content and higher relative oxygen content in treated films. The reported 

O/C ratios were 0.454 for the control, 0.485 for the WB6-treated film, and 0.503 for the ADA1-treated film. These 

changes are consistent with possible surface oxidation; however, EDX cannot identify individual functional groups 

or confirm oxidation mechanisms. ADA1 showed a larger change in the reported O/C ratio despite producing less 

mass loss than WB6. Because EDX is semiquantitative and the samples were exposed to sodium dodecyl solution 

and a nitrogen- and sulfur-containing medium, residual treatment chemicals may have contributed to the measured 

elemental signals. The results should therefore be interpreted cautiously. 
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Figure 2. EDX elemental composition of (a) the untreated LDPE control film, (b) the LDPE film incubated with WB6, and (c) 

the LDPE film incubated with ADA1. 

 

Table 1. Elemental composition of LDPE films after 54 days of incubation with bacterial isolates and reported differences 

relative to the untreated control. 

Element Elemental Composition (%) 

 Control WB6 (Difference from 

control, percentage points) 

ADA1 (Difference from 

control, percentage points) 

O 30.55 30.96 (+0.41) 32.01 (+1.46) 

C 50.55 47.9 (-2.65) 47.75 (-2.8) 

N 6.15 5.73 (-0.42) 5.16 (-0.99) 

S 11.20 14.65 (+3.45) 13.2 (+2.00) 

Ca 0.23 0.28 (+0.05) 0.23 (0.0) 

Cl 0.90 0.27 (-0.63) 1.4 (+0.5) 

Na 0.45 0.21 (-0.24) 0.29 (-0.16) 

Note: Values in parentheses indicate differences relative to the control in percentage points; +, increase; −, decrease. 

 

3.2.2. SEM Analysis Results 

Scanning electron microscopy (SEM) was used to evaluate changes in film surface morphology. Images of the control 

film are presented in Figure 3(a–c), while images of films incubated with WB6 and ADA1 for 54 days are shown in 

Figure 3(d–f) and Figure 3(g–i), respectively. The treated-film micrographs show pores, holes, and microcracks. 

These features suggest surface deterioration during incubation but are not definitive evidence of biodegradation. 

 

Morphological changes in LDPE following microbial exposure have been reported elsewhere. Sanniyasi et al. (2021) 

observed changes in LDPE films incubated with a microalga, while Sridharan et al. (2021) described cracks and 

surface disruption. Khandare et al. (2021) also reported surface erosion following exposure to marine bacteria. 

Samanta et al. (2020) documented increased surface roughness and microbial colonization. Such observations are 

compatible with surface alteration, but microbial activity, physical damage, polymer additives, and sample 
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preparation can contribute to the observed features (Chamas et al., 2020; Chatterjee et al., 2010; Montazer et al., 

2020). 

 

The SEM images show different surface features in films incubated with the two isolates. WB6 produced the greatest 

measured mass loss, whereas ADA1 produced the largest reported increase in the O/C ratio. Although these 

observations may reflect different interactions with LDPE surfaces, the available SEM and EDX data cannot establish 

distinct degradation pathways. Additional chemical and mineralization analyses would be required to distinguish 

polymer-chain degradation from surface modification or fragmentation. 

 

 

Figure 3. SEM micrographs of (a–c) untreated LDPE film, (d–f) LDPE film incubated with isolate WB6, and (g–i) LDPE film 

incubated with isolate ADA1. The stated magnifications are 4,000×, 5,000×, and 6,000×, respectively 

 

3.3. 16S rRNA Sequencing of the Isolates 

Based on 16S rRNA gene sequence comparisons, isolates WB6 and ADA1 were assigned to Enterobacter sp. (closest 

reported match: E. cloacae; GenBank accession MT181602.1; 95.37% sequence identity) and Alcaligenes sp. (closest 

reported match: A. faecalis; GenBank accession MZ424652.1; 93.41% sequence identity), respectively. These 
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sequence identities do not support species-level identification. Further molecular characterization would be necessary 

to resolve their taxonomic placement. 

 

3.4. Limitations 

This study has several limitations. First, the mass-loss measurements were not replicated; therefore, biological 

variability and statistical significance could not be assessed. Second, the MSM contained 1 g/L glucose, which could 

have supported bacterial growth independently of LDPE utilization. Third, EDX measurements are semiquantitative, 

and residual salts or cleaning chemicals may have influenced the elemental signals. Fourth, the reported 16S rRNA 

sequence identities do not support species-level assignments. The study was also conducted at laboratory scale with 

only two selected isolates and no field validation. Finally, degradation products, enzymatic activity, biofilm formation, 

and mineralization were not examined. These limitations constrain conclusions about the extent and mechanisms of 

LDPE biodegradation. 

 

4. CONCLUSION 

Bacterial isolates from pawpaw latex and cashew gum were associated with LDPE film mass losses of 33.91% and 

24.79%, respectively, after 54 days of incubation. SEM and EDX analyses revealed differences in surface morphology 

and elemental composition between treated and control films, providing preliminary evidence of material 

deterioration under the experimental conditions. However, the absence of independent replication, the presence of 

glucose in the medium and the lack of degradation-product and mineralisation analyses limit attribution of these 

changes to bacterial breakdown of LDPE. Future studies should incorporate replicated experiments, appropriate 

carbon-source controls and direct measurements of polymer-chain changes and mineralisation to confirm 

biodegradation before practical applications are considered. 
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