
Biodegradability of Polyethylene Plastics by
Individual and Co-cultured Bacterial Isolates
Doreen Baaba Plange 

Kwame Nkrumah University of Science and Technology (KNUST)
Jonathan Kalami 

Kwame Nkrumah University of Science and Technology (KNUST)
Rhodalyn Tagoe 

Noguchi Memorial Institute for Medical Research
Julius Sewornu 

Kwame Nkrumah University of Science and Technology (KNUST)
Jeffery Kwaku Dadson 

Kwame Nkrumah University of Science and Technology (KNUST)
Lyndon Nii Aryeetey Sackey 

Kwame Nkrumah University of Science and Technology (KNUST)
Kwadwo Boampong 

Kwame Nkrumah University of Science and Technology (KNUST)
Lawrence Sheringham Borquaye 

Kwame Nkrumah University of Science and Technology (KNUST)
Joseph Asankomah Bentil 

Kwame Nkrumah University of Science and Technology (KNUST)

Research Article

Keywords: Polyethylene, Biodegradation, Microbial consortia, Oxidative enzymes, Plastics

Posted Date: November 13th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-11362286/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

https://doi.org/10.21203/rs.3.rs-11362286/v1
https://doi.org/10.21203/rs.3.rs-11362286/v1
https://doi.org/10.21203/rs.3.rs-11362286/v1
https://creativecommons.org/licenses/by/4.0/


Biodegradability of Polyethylene Plastics by Individual and Co-cultured Bacterial 1 

Isolates 2 

 3 

Doreen Baaba Plange a, Jonathan Kalamia, Rhodalyn Tagoeb, Julius Sewornua, Jeffery 4 

Kwaku Dadsona, Lyndon Nii Aryeetey Sackeyc, Kwadwo Boamponge, Lawrence 5 

Sheringham Borquayed, Joseph Asankomah Bentila*   6 

 7 

 8 

a Department of Biochemistry and Biotechnology, Kwame Nkrumah University of Science 9 

and Technology (KNUST), Kumasi, Ghana. 10 

 11 

bNoguchi Memorial Institute for Medical Research, Accra, Ghana. 12 

 13 

cDepartment of Environmental Science, Kwame Nkrumah University of Science and 14 

Technology, Kumasi, Ghana. 15 

 16 

dDepartment of Chemistry, Kwame Nkrumah University of Science and Technology, 17 

Kumasi, Ghana. 18 

 19 

eDepartment of Theoretical and Applied Biology, Kwame Nkrumah University of Science 20 

and Technology, Kumasi, Ghana 21 

 22 

 23 

*Corresponding Authors 24 

 25 

Department of Biochemistry and Biotechnology,  26 

Kwame Nkrumah University of Science and Technology (KNUST), Kumasi, Ghana. 27 

Email: bentilj915@gmail.com 28 

Tel: 00233 0241133879 29 

 30 

Department of Biochemistry and Biotechnology, 31 

Kwame Nkrumah University of Science and Technology (KNUST), Kumasi, Ghana. 32 

Email: plange.doreen22@gmail.com  33 

Tel: 0023 0550507424 34 



Abstract 35 

 36 

The extensive dependence on polyethylene-based products has contributed to their 37 

persistence in the environment, accounting for about 64% of global plastic waste and 38 

posing serious ecological and public health risks. Conventional disposal methods such 39 

as incineration and landfilling further intensify pollution, emphasizing the need for eco-40 

friendly alternatives. This study explores the biodegradation of polyethylene plastics using 41 

bacteria isolates obtained from soil samples collected across three sites in Kumasi, 42 

Ghana. Degradation efficiency was assessed through weight loss analysis and Fourier 43 

Transform Infrared Spectroscopy (FTIR) to determine changes in the polymer functional 44 

groups. Response Surface Methodology (RSM) was employed to evaluate the effect of 45 

pH, temperature, and incubation time on bacterial growth and degradation process. A 46 

total of eleven bacterial isolates were identified using Matrix-Assisted Laser Desorption 47 

Ionization-Time of Flight Mass Spectrometry (MALDI-TOF), with Bacillus cereus being 48 

the most prevalent. Optimization analysis revealed that temperature, pH and incubation 49 

time significantly influenced degradation, with optimal conditions predicted at 25°C, pH 9- 50 

and 21-days incubation respectively. Co-cultures demonstrated higher degradation 51 

efficiency than single isolates, supported by elevated laccase activity indicating 52 

synergistic enzymatic interactions. FTIR analysis showed polymer modification, showing 53 

changes in asymmetric and symmetric C-H stretching peaks in all treatments except 54 

Bacillus cereus. In conclusion, the results demonstrate that co-cultured microbes 55 

enhance polyethylene degradation through metabolic cooperation and increased enzyme 56 

activity, highlighting the potential of microbial synergy as a sustainable strategy for plastic 57 

waste management. 58 

Keywords: Polyethylene, Biodegradation, Microbial consortia, Oxidative enzymes, 59 

Plastics 60 

 61 



1.0 Introduction 62 

Polyethylene, which consists of alkene monomers that are made up of carbon and 63 

hydrogen atoms, is the world’s most widely produced synthetic polymer 1. On its own, it 64 

accounts for roughly one-third of overall plastics produced 2.  The high dependence on 65 

polyethylene-based products has contributed to its accumulation in the environment. It 66 

accounts for about 64% of plastic waste globally, significantly adding to environmental 67 

pollution and ecological harm 3,4The defiant nature of polyethylene, with its long carbon 68 

chain and hydrophobic nature, contributes to its persistence in the environment, as it 69 

makes it difficult to manage using traditional waste disposal methods 5.  70 

Managing plastic waste remains a major challenge in many African countries and this can 71 

be credited to rapid population growth, poor waste management practices, limited waste 72 

disposal infrastructure, and weak enforcement. In Ghana, plastic consumption has 73 

increased significantly, leading to the production of around 840,000 tonnes of plastic 74 

waste yearly. Despite bans on single-use plastics, only 25% of Ghana’s plastic is reused. 75 

The majority are landfilled (58%) or incinerated (17%) 6,7. Common plastic waste disposal 76 

methods, such as incineration and landfilling, pose serious drawbacks, including toxic 77 

emissions, hazardous by-products, and contamination of land and water sources. These 78 

drawbacks greatly affect the environment and pose various public health concerns. These 79 

issues highlight just how important it is to find sustainable, effective, and environmentally 80 

friendly methods to deal with the increasing plastic waste problem 8–11   81 

Biodegradation, which involves the use of microorganisms and their enzymes, has 82 

emerged as a promising and more eco-friendly approach to plastic waste management 83 

12–14. Plastic biodegradation is a process in which microorganisms alter the properties of 84 

plastics by breaking down their molecular structure, reducing molecular weight, and 85 

modifying physical characteristics such as shape, colour, and tensile strength. This 86 

occurs through enzymatic and non-enzymatic hydrolysis, primarily carried out by bacteria 87 

and fungi 15. Since microorganisms exhibit diverse metabolic capabilities, degradation 88 

efficiency varies among species, with polymer composition, microbial traits, and treatment 89 

conditions serving as the key influencing factors 16. 90 

 91 

Although biodegradation is a promising solution to polyethylene pollution, using a 92 

microbial consortium is more advantageous than monocultures.17 Microbial consortia 93 

offer greater metabolic diversity and a wider range of enzyme allowing them to effectively 94 

degrade polyethylene as compared to the dependence on monocultures, which raises the 95 

concern of metabolic limitations and enzymatic restrictions 18,19 . Despite studies having 96 

shown that microorganisms and their enzymes can be used in polymer degradation, there 97 

is limited research on the biodegradation of polyethylene by microbial consortia under 98 

Ghanaian environmental conditions. This study aims to address this gap by comparing 99 

polyethylene degrading capabilities of individual and co-cultured bacterial isolates derived 100 



from Ghana’s environment. By exploring the interactions among the microorganisms and 101 

their related enzymes, the findings from this study will add to valuable, localized data and 102 

will inform the best strategy for handling polyethylene within the Ghanaian community. 103 

2. Methods 104 

2.1 Sample Collection  105 

Nine soil samples were collected in triplicate from three actively used dumpsites in the 106 

Ashanti region of Ghana: Pramso, Jachie, and Manhyia. Surface soil and soil at a depth 107 

of 10cm beneath identified polyethylene bags were aseptically collected into sterile 108 

Ziplock bags. The selection criteria for dumpsites were based on several key factors, 109 

specifically locations with prolonged accumulation of polyethylene waste, dumpsites that 110 

are actively in use, and dumpsites that have not been recorded in previous studies. 111 

2.2 Primary Screening and Isolation of Polyethylene-Degrading Bacteria 112 

The isolation was modified from previous methods 20,21 to meet the objectives of this 113 

investigation. To obtain polyethylene-degrading bacteria, 5 g of soil collected from each 114 

waste dumpsite was weighed into basal media, consisting of yeast extract (Thermo Fisher 115 

Scientific Oxoid, USA) (0.05 g), MgSO4 (0.125 g), KH2PO4 (2.9 g), and K2HPO4 (1.85 g), 116 

in a total of 50 ml for each sample. To each sample, 30 mg of shredded polyethylene 117 

plastic was added to serve as the carbon source. Incubation was done at 37°C for eight 118 

weeks to impose selective pressure that enriches bacterial strains capable of utilizing 119 

polyethylene, thereby facilitating effective isolation of polyethylene-degrading bacteria. 120 

The bacteria obtained from this inoculation process were first cultured through pour 121 

plating on nutrient agar (Thermo Fisher Scientific Oxoid, USA) and incubated at 37°C for 122 

24 hours. Colonies of microorganisms obtained from this step were streaked on nutrient 123 

agar plates. 124 

2.3 Optimization of Degradation Conditions  125 

A full factorial design under the Response surface Methodology (RSM) framework was 126 

employed to systematically evaluated the influence of pH, temperature, and incubated 127 

time on bacterial growth and polyethylene degradation efficiency 22. The parameter 128 

ranges tested were as follows: pH levels of 5,7, and 9; temperatures of 25 °C, 35°C, and 129 

45°C; and incubation times of 7, 14,21 and 28days. The selected ranges facilitate the 130 

assessment of diverse microbial responses to varying conditions, enabling identification 131 

of conditions under which bacteria demonstrate optimal efficiency in degrading 132 

polyethylene. Prior to identification, isolates obtained from the pre-screening process 133 

were treated as “working strains” and used to optimize culture conditions. Each isolate 134 

was initially evaluated individually, after which pairwise combinations were systematically 135 

generated to produce all possible mixed culture consortia based on the total number of 136 

isolates. Both individual isolates and mixed cultures were assessed for degradation 137 

potential across the defined process viable. All experimental setups were conducted in 138 

replicates to ensure the reliability and reproducibility of the results. Each experimental 139 



setup consisted of 20ml of nutrient broth adjusted to the desired pH, containing pre-140 

weighed polyethylene pieces. The polyethylene materials used in this study were locally 141 

sourced and manufactured by Duraplast LTD. The plastic samples used were low density 142 

polyethylene (LDPE) and they were obtained in sealed packaging and handled aseptically 143 

prior to use. The polyethylene pieces together with the nutrient broth were sterilized by 144 

autoclaving before beginning the inoculation process. Each flask was then inoculated with 145 

bacterial isolates and incubated at the corresponding temperature in a shaker at 120rpm 146 

for the specified incubation periods. After incubation, the polyethylene pieces were 147 

carefully retrieved, rinsed with distilled water followed by 70% ethanol to remove adhering 148 

biomass, and dried at 90 °C for 60 minutes. The dried films were reweighed, and 149 

percentage degradation was calculated. Bacterial growth and weight loss data for each 150 

treatment were recorded and analyzed to determine the individual and interaction effects 151 

of the selected parameters on polyethylene degradation.  152 

 153 

2.4 Degradation assay 154 

Polyethylene biodegradation by bacterial isolates was evaluated in nutrient broth under 155 

controlled incubation conditions. Nutrient broth was used to maintain viable bacterial 156 

growth during incubation, while degradation potential was assessed through weight loss 157 

measurements and FTIR analysis of polyethylene films. The degradation experiment was 158 

conducted using both monocultures and mixed culture consortia. Mixed cultures were 159 

designed to include all possible combinations of the selected isolates. Isolates recovered 160 

only once across the sampling were considered unique representatives of their type and 161 

were included directly in the consortia design. Where the same isolate was recovered 162 

multiple times, the single best-performing representative determined by polyethylene 163 

degradation efficiency during the optimization phase was selected for inclusion in the 164 

mixed cultures. 165 

Sterilized, pre-weighed low-density polyethylene (LDPE) samples (locally produced by 166 

Duraplast Ltd, Kumasi, Ghana and obtained from a local market) were aseptically 167 

introduced into 20ml of autoclaved nutrient broth. Bacterial isolates obtained from the pre-168 

screening stage (Section2.2) were cultured for 12 hours at 25°C with agitation at 120 rpm. 169 

Following incubation, cell suspension was standardized to OD600 ≈ 0.5 before being used 170 

for the inoculation. After inoculation, the experimental setup was incubated for 28days at 171 

25°C under alkaline conditions(pH9) with continuous agitation at 120 rpm. The procedure 172 

was adapted from (23,24). After the incubation period, polyethylene samples were removed 173 

from each flask and rinsed with distilled water and ethanol (70%) and dried at 90°C for 30 174 

minutes (Asmita, Shubhamsingh, and Tejashree, 2015).  The percentage weight loss was 175 

calculated by following the formula 176 

Percentage (%) degradation = 
(������� 	
��ℎ� − ����� 	
��ℎ�)������� 	
��ℎ� × 100 177 



2.5 Identification of Bacterial Isolates 178 

Pure isolates of polyethylene degradation bacteria obtained from (section 2.2) were 179 

identified using Matrix-assisted laser desorption ionization-time of flight mass 180 

spectrometry (MALDI-TOF MS) at the Noguchi Memorial Institute for Medical Research, 181 

Accra, Ghana. Before identification, all isolates were purified. Identification was 182 

performed using the extended direct transfer sample preparation method on the Microflex 183 

LT MALDI-TOF mass spectrometer (Bruker, Germany) following the standard operating 184 

procedure outlined by the institute. Representative colonies of the polyethylene-185 

degrading isolates were smeared thinly onto designated wells of the MALDI target plate. 186 

Each spot was overlaid with 1μL of 70% (v/v) formic acid and allowed to dry at room 187 

temperature, followed by the addition of 1 μL Bruker HCCA solution (10mg/mL). The 188 

matrix overlaid sample spot was allowed to dry at room temperature. Using the MALDI-189 

TOF equipment for Biotyping of microorganisms, the resulting spectra were compared 190 

with reference spectra using the Bruker MALDI Biotyper Compass (MBT) software (v 191 

4.1.100) for microbial identification.  192 

 193 

2.6 Partial Purification Process 194 

The cell-free supernatant (crude enzyme extract) obtained after centrifugation of the 195 

bacterial culture was subjected to partial purification by cold acetone precipitation. Pre-196 

chilled acetone (-20°C) was added to the supernatant at a ratio of 4:1 (v/v, acetone: 197 

supernatant). The mixture was incubated at -20 °C for 1 hour to allow proteins to 198 

precipitate, followed by centrifugation at 5,000 rpm for 10 mins at 4°C. The supernatant 199 

was discarded, and the resulting pellet was air-dried at room temperature for 30 min to 200 

remove residual acetone 25. The precipitate was then resuspended in 0.1M sodium 201 

acetate buffer (pH 5.0) for further analysis. 202 

 203 

2.6.1 Protein Concentration Assay 204 

The levels of enzyme produced after the degradation process were determined by the 205 

Bradford assay following the manufacturer’s protocol 26. A 1.0 mg/ml bovine serum 206 

albumin (BSA) stock was prepared and serially diluted twofold across eight 207 

concentrations in a 96-well microtiter plate, with each standard prepared in a 10 µL 208 

volume. Purified enzyme samples (10 µL) were loaded in triplicate on the same plate. To 209 

each well, 200 µL of Bradford reagent was added and mixed thoroughly by pipetting. 210 

Plates were incubated at room temperature in the dark for 5–10 min, and absorbance 211 

was read at 595 nm using a microplate reader. Sample protein concentrations were 212 

calculated from the BSA standard curve by linear regression (Y = mX + c), where Y is 213 

absorbance at 595 nm, X is protein concentration (mg/ml), m is the slope, and c is the 214 

intercept. 215 



2.6.2 Laccase Activity Assay Protocol 216 

The enzymatic reaction mixture (200 µL) consisted of 80 µL 0.5mM ABTS solution, 20 µL 217 

of 0.1 M sodium acetate buffer (pH 5.0), and 100 µL of crude enzyme extract. The 218 

mixtures were incubated for 15 minutes at room temperature, and absorbance was 219 

measured at 420nm. Non-enzymatic blanks were subtracted from the enzymatic 220 

readings. 221 

Laccase activity was calculated from the standard curve and expressed as U/mL. One 222 

unit (U) of laccase activity was defined as the amount of enzyme that oxidizes 1 µmol of 223 

ABTS per minute under the assay conditions. Protein concentration was determined by 224 

the Bradford method using bovine serum albumin (BSA) as the standard (section 2.6.1). 225 

Specific laccase activity (U/mg protein) was calculated by dividing the volumetric laccase 226 

activity (U/mL) by the protein concentration (mg/mL) 27,28. 227 

 228 

2.7 Fourier Transform Infrared Spectroscopy  229 

Polyethylene samples were analyzed using a BRUKER ALPHA Fourier Transform 230 

Infrared (FTIR) spectrometer (Germany) equipped with an Attenuated Total Reflectance 231 

(ATR) accessory featuring a platinum crystal on a BRUKER instrument. Analyses were 232 

conducted at the Central Laboratory, Kwame Nkrumah University of Science and 233 

Technology, following the standard operating procedures. Before each run, the ATR 234 

crystal was cleaned with isopropanol, and a background spectrum was recorded. Spectra 235 

were collected using 24 scans per sample over a wavenumber range of 4000-500cm-1 at 236 

a resolution of 4cm-1.  237 

3.0 Results 238 

Polyethylene-degrading bacterial isolates were successfully obtained and identified, 239 

serving as the basis for subsequent comparative analyses. Each isolate’s degradation 240 

efficiency and enzyme production were assessed in both monoculture and co-culture. 241 

Results revealed differences in polyethylene degradation performances and enzymatic 242 

activity across single strains and combined consortia, suggesting that co- cultivation may 243 

enhance polymer breakdown. 244 

 245 

3.1 Optimization of Degradation Parameters 246 

A second-order Response Surface Methodology model was fitted to evaluate the effect 247 

of temperature, pH, and incubation time on microbial growth (OD change). The model 248 

was statistically (F=17.08, p < 0.001) with moderate explanatory power (R2 = 0.3487, 249 

adjusted R2 = 0.3283). However, only linear terms contributed significantly to the model 250 

(F = 49.03, p < 0.001), while interaction (p=0.192) and quadratic terms (p= 0.612) were 251 

not significant. The lack-of-fit test was significant (F = 2.85, p < 0.001), indicating that the 252 

second-order model did not adequately describe the system. A simplified first-order model 253 

was therefore adopted and found to be highly significant (F= 48.93, p < 0.001), explaining 254 



33.38% of the variability in Od change (adjusted R² = 0.327). All three factors exhibited 255 

statistically significant effects on microbial growth. Temperature showed a significant 256 

negative effect (β = −0.0185, p < 0.001), indicating that increasing temperature reduced 257 

growth. In contrast, both pH (β = 0.0310, p = 0.018) and incubation time (β = 0.0358, p < 258 

0.001) had significant positive effects, with incubation time exerting the strongest 259 

influence. Steepest ascent analysis further indicated that optimal growth conditions could 260 

be approached by decreasing temperature while increasing pH and incubation time. 261 

However, to Change in Optical density (Odchange), the response variable weight change 262 

exhibited limited sensitivity to the studied process variables. The second-order model was 263 

not statistically significant (F= 1.226, p=0.278) with neither linear, interaction, nor 264 

quadratic terms showing significance (p > 0.05). A centered interaction model produced 265 

similar results (F=1.425, p=0.205, R2 = 0.0286), confirming the weak dependence of 266 

weight change on temperature, pH, and incubation time. Notably, a single interaction 267 

between pH and interaction time was statistically significant (β = 0.00547, p = 0.0198). 268 

This points to a possible combined effect of pH and time at specific conditions.  269 

The predicted optimal conditions for polyethylene biodegradation based on multiple 270 

response analysis are presented in Table 1. The model suggests that biodegradation is 271 

favored under moderately alkaline conditions, relatively low temperature, and 272 

intermediate incubation time. 273 

 274 

Table 1: Predicted Optimal Conditions for Polyethylene Biodegradation Based on Multiple 275 

Response Analysis. 276 

Variable  Predicted optimal conditions 

Temperature (°C) 25 

pH  9 

Incubation (days) 21 

The contour plot (Fig.1) illustrates the combined effects of pH and temperature on cell 277 

growth, measured as Optical density (OD600). The model indicates that higher OD600 278 

values are associated with moderately alkaline conditions and lower temperatures. The 279 

highest response was observed at approximately pH 9 and 25°C. 280 

 281 



 282 

Fig.1 Response surface contour plot showing the combined influence of temperature (25–283 

45°C) and pH (5–9) on bacterial growth, with colour intensity representing growth 284 

response values ranging from 0.5 to 0.9. 285 

 286 

The effects of temperature and pH on polyethylene weight loss (mg) are presented in 287 

Fig.2. The contour plot indicates that weight loss was greatest at higher pH (approximately 288 

pH 9) and moderate temperatures around (around 25 °C). In contrast, weight loss remains 289 

low at pH values below 6.5 across all temperatures. At elevated temperatures (> 35°C), 290 

increases in pH were associated with only marginal increases in weight loss. 291 

 292 

Fig.2 Response surface contour plot illustrating the combined effects of pH and 293 

temperature on predicted LDPE weight loss(mg) based on fitted RSM model. 294 

3.2 Identification of Polyethylene Degrading Bacteria Isolates 295 

Bacterial isolates obtained from the pre-screening process were identified using MALDI-296 

TOF mass spectrometry. All isolates yielded identification scores above 2.0, indicating 297 

reliable species level identification. Most isolates were identified as Bacillus cereus, while 298 

Achromobacter insolitus and Alcaligenes faecalis were also detected (Table 2).  299 



The isolates originated from three sampling sites: JS1-JS3 from Jachie, PS1-PS3 from 300 

Pramso, and MS1- MS3i from Manhyia.  301 

 302 

Table 2: Identification of bacterial isolates using MALDI-TOF Mass Spectrometry.  303 

Sample ID Organisms  MALDI-TOF Score value  

JS1 Bacillus cereus 2.04 

JS2 Bacillus cereus 2.20 

JS3 Bacillus cereus 2.17 

PS1 Bacillus cereus 2.30 

PS2 Bacillus cereus 2.21 

PS3 Bacillus cereus 2.17 

MS1 Bacillus cereus 2.16 

MS2 Bacillus cereus 2.15 

MS2i Achromobacter insolitus 2.37 

MS3 Alcaligenes faecalis 2.15 

MS3i Bacillus cereus 2.31 

Key: Score of ≥ 2.0 indicates High confidence identification to the species level, 1.70 -304 

1.99 305 

(Low confidence identification), and 0.00 - 1.69 (No organism identification possible). 306 

 307 

3.3 Polyethylene Degradation Assay 308 

Plastic weight measurements taken before and after treatment showed reductions across 309 

all experimental groups, though the magnitude of reduction varied by treatment. Mean 310 

initial weights ranged from 4.80 mg to 6.00 mg, while mean final weights ranged from 311 

4.75 mg to 5.87 mg. The control group exhibited the smallest mean reduction (0.05 mg), 312 

corresponding to a mean percentage weight loss of 1.09%. Among the treatment groups, 313 

the greatest mean weight loss was observed in the BC-AI group (8.04%), followed by AI 314 

(5.66%), AI-AF (5.18%), and BC-AI-AF (4.75%). Lower mean losses were observed in 315 

AF (2.27%), BC (2.36%), and BC-AF (2.86%) 316 



 317 

Fig.3 Evaluation of polyethylene biodegradation via percentage weight loss following 318 

incubation. 319 

To determine whether weight reductions were statistically meaningful, a Wilcoxon signed-320 

rank test was performed comparing initial and final weights for each treatment. No group 321 

demonstrated a statistically significant within-group reduction at the α = 0.05 level. 322 

Specifically, p-values were 0.1855 for AF, BC, and BC-AF; 0.1225 for AI and AI-AF; 323 

0.0868 for BC-AI and BC-AI-AF; and 0.5000 for the control group. Furthermore, to 324 

compare weight loss among groups, a Kruskal–Wallis rank-sum test was employed, 325 

which revealed no statistically significant differences across the treatments (χ² = 6.6051, 326 

df = 7, p = 0.4771). As a result, under the current experimental conditions, the observed 327 

weight changes cannot be confidently linked to treatment-specific effects. 328 

 329 

3.4. Laccase Enzyme Activity  330 

Beyond weight-loss measurements, the biochemical potential of the isolates to degrade 331 

polyethylene was assessed by measuring specific laccase activity following the 28-day 332 

incubation period (Fig.4). The BC-AI consortium exhibited the highest specific laccase 333 

activity (6.62 ± 0.12 U/mg protein), followed by the AI monoculture (5.65 ± 0.21 U/mg 334 

protein). In contrast, the BC-AF consortium showed the lowest specific activity (1.74 ± 335 

0.38 U/mg protein). 336 

 337 



 338 

Fig.4 Enzyme Activity Profile of Laccase in Individual and Co-Culture Bacterial Consortia 339 

After Polyethylene Degradation. Data represent the mean ± SD (n = 3). 340 

 341 

3.5 Structural Characterisation via FTIR 342 

3.5.1 Normalization and Crystallization Analysis 343 

To evaluate structural alterations in low-density polyethylene (PE) films following a 28-344 

day microbial incubation, qualitative Attenuated Total Reflectance (ATR) FTIR spectra 345 

were acquired for the untreated reference, the sterile abiotic control (CTRL), and the 346 

biologically treated samples (AF, AI, AI-AF, BC, BC-AF, BC-AI-AF, and BC-AI). The 347 

spectrum of the untreated polyethylene exhibited the characteristic, highly symmetric 348 

aliphatic vibrational doublets expected of unmodified PE. The dominant absorbance 349 

bands were resolved at ~2915 and ~2847 cm⁻¹, corresponding to the asymmetric and 350 

symmetric CH₂ stretching vibrations, respectively. A bending/scissoring doublet reflecting 351 

crystalline and amorphous chain packing was identified at ~1473 and ~1462 cm⁻¹. 352 

Additionally, a rocking deformation doublet at ~730 and ~720 cm⁻¹ was attributed to the 353 

orthorhombic crystalline and amorphous phases of the polyethylene backbone. 354 

Comparative overlay of the spectra across all experimental groups showed that these 355 

core aliphatic stretching and bending doublets remained the most prominent features in 356 

every treated and untreated sample, indicating that the underlying polyethylene backbone 357 

was broadly preserved across all conditions. However, a qualitative difference emerged 358 

in the region between 1000 and 1150 cm⁻¹, where a broad, heterogeneous absorption 359 

band centered around 1080–1100 cm⁻¹ was evident in several of the biologically treated 360 

samples. This feature was most pronounced in the individual isolate AF and the triple co-361 

culture BC-AI-AF, while it remained flat and close to baseline in the untreated reference, 362 

the abiotic control (CTRL), and the AI isolate. 363 

 364 



 365 

Fig.5: Min-max normalized ATR-FTIR spectra of low-density polyethylene films following 366 

28 days of incubation with individual bacterial isolates and co-cultures. The characteristic 367 

aliphatic vibrational doublets of polyethylene are indicated, comprising the asymmetric 368 

and symmetric CH₂ stretching bands (~2915 and ~2847 cm⁻¹), the CH₂ 369 

bending/scissoring band (~1473 cm⁻¹), and the CH₂ rocking deformation doublet (~730 370 

and ~720 cm⁻¹). A broad absorption feature in the 1000–1150 cm⁻¹ region, most 371 

prominent in the AF-treated and BC-AI-AF-treated samples and absent in the untreated 372 

reference and abiotic control (CTRL), is consistent with C–O and C–O–C stretching 373 

vibrations associated with surface oxidation products and/or the deposition of biofilm-374 

derived extracellular polymeric substances (EPS); these two contributions cannot be 375 

unambiguously distinguished on the basis of FTIR data alone. 376 

3.5.2 Deconvolution and Fitting  377 

To isolate overlapping vibrational contributions within the C-H stretching envelope (2800–378 

2960 cm⁻¹), Gaussian-Lorentzian curve fitting and peak deconvolution were performed. 379 

Across all nine experimental conditions, the mathematical fit demonstrated high reliability, 380 

with coefficients of determination (R² ≥ 0.938). The deconvolution protocol successfully 381 

resolved three sub-component bands within the C-H envelope: a high-wavenumber 382 

shoulder centered at ~2952 cm⁻¹, corresponding to methyl (CH₃) asymmetric stretching 383 

or chain branching; the dominant asymmetric CH₂ stretching band centered at ~2915 384 

cm⁻¹; and the symmetric CH₂ stretching band centered at ~2847 cm⁻¹.  385 



The resulting integrated peak areas and the calculated asymmetric-to-symmetric 386 

stretching ratio (A₂₉₁₅/A₂₈₄₇) are summarized in Fig.6, reflecting microbial-induced 387 

changes in chain conformation and crystallinity across the various consortia treatments. 388 

 389 

Fig.6 Quantitative ATR-FTIR deconvolution and chain conformation analysis of low-390 

density polyethylene (LDPE) films following a 28-day microbial incubation, showing the 391 

integrated peak areas of the deconvolved CH₂ asymmetric (~2915 cm⁻¹), symmetric 392 

(~2847 cm⁻¹), and terminal methyl/shoulder (~2952 cm⁻¹) stretching bands, together with 393 

the calculated asymmetric-to-symmetric stretching ratio (A₂₉₁₅/A₂₈₄₇) reflecting microbial-394 

induced changes in chain conformation and crystallinity. The horizontal dashed line 395 

represents the A₂₉₁₅/A₂₈₄₇ value of the untreated reference film (~1.86). Experimental 396 

groups correspond to the untreated reference, sterile abiotic control (CTRL), individual 397 

microbial isolates (AF, AI, BC), dual co-cultures (AI-AF, BC-AF, BC-AI), and the triple co-398 

culture (BC-AI-AF). 399 

4.0 Discussion 400 

The primary objective of this study was to determine whether co-cultured bacterial 401 

consortia enhance low-density polyethylene (LDPE) degradation efficiency compared to 402 

individual microbial isolates. Although the quantitative differences observed across our 403 

experimental endpoints did not reach statistical significance within the 28-day incubation 404 

period, the combined dataset shows clear directional trends. In particular, the numerical 405 

alignment between physical mass loss, enzymatic activity, and structural polymer 406 

modification suggests that microbial co-cultivation may influence early-stage degradation 407 

dynamics. Together, these patterns provide an exploratory framework for understanding 408 

how inter-isolate interactions shape the initial stages of polymer breakdown, as described 409 

below. 410 

 411 



4.1 Identification of polyethylene-Degrading Bacteria and optimization of 412 

Biodegradation conditions. 413 

MALDI-TOF mass spectrometry reliably identified all bacterial isolates with high 414 

confidence (score values > 2.0) 29, revealing Bacillus cereus as the predominant species 415 

across samples from Jachie, Prasmo, and parts of Manhyia consistent with its widely 416 

reported ability to degrade low- density polyethylene through enzymatic oxidation and 417 

surface erosion 30,31 . Additionally isolates, including Achromobacter insolitus and 418 

Alcaligenes faecalis detected in the Manhyia samples, further demonstrated the microbial 419 

diversity associated with polyethylene biodegradation, as both species have been linked 420 

to polymer oxidation, carbonyl group formation, and measurable weight loss 32,33. Building 421 

on this characterization of the microbial community, a full factorial design based on 422 

Response Surface Methodology (RSM) in Minitab 22.2.1 was used to evaluate how pH, 423 

temperature, and incubation time influence both bacterial growth and polyethylene 424 

degradation. The statistical model revealed significant linear effects of temperature and 425 

incubation time on degradation, and multiple response optimization identified ~25°C, pH 426 

9, and 21 days as the optimal conditions which is consistent with mesophilic and alkaline 427 

environments known to enhance microbial metabolism and degradation activity 34–37. 428 

Contour plots (Fig.1 and 2) supported these results, showing that microbial growth 429 

peaked under alkaline pH (8-9) and moderate to low temperature (15-25°C), while optimal 430 

polyethylene degradation occurred at higher pH (8-9) and moderate temperatures (25-431 

32°C). The identification of potent degraders and determination of their optimal operating 432 

condition highlight the strong biodegradation potential of the environmental bacterial 433 

communities examined in this study. 434 

 435 

4.2 Analysis of Polyethylene Weight Loss  436 

The present study evaluated the potential for bacterial consortia to degrade polyethylene 437 

more efficiently than individual cultures. While our results showed a clear numerical trend 438 

where co-cultured isolates, particularly BC-AI, achieved higher mean weight loss than 439 

individual isolates, these differences did not reach statistical significance. 440 

Nonetheless, the consistent trends in weight loss, paired with the spectral changes we 441 

saw in our FTIR data, suggest that these bacteria might be working together to modify 442 

the plastic surface, an observation that warrants further investigation under extended 443 

incubation conditions and with greater replication. This aligns with findings 38, who noted 444 

that microbial consortia often outperform monocultures through metabolic 445 

complementarity, where different species contribute to the breakdown of polymer chains 446 

or associated additives. 447 

However, the lack of statistical significance is likely influenced by the inherent 448 

heterogeneity in the microbial degradation of recalcitrant polymers and the constraints of 449 

the current sample size, which may have limited the power of the statistical tests to detect 450 

subtle differences.  451 



As established by 39,40, the inherent recalcitrance of high-crystallinity polyethylene makes 452 

significant degradation a slow, variable process that is often difficult to capture in small-453 

scale laboratory experiments. 454 

 455 

4.4.1 Laccase Enzyme Activity 456 

A positive association was observed between enzymatic potential and degradation 457 

performance across the experimental treatments. In particular, the BC–AI consortium 458 

showed both the highest mean percentage weight loss (8.04%) and the highest specific 459 

laccase activity (6.62 U/mg protein). This suggests that the gravimetric trends seen in the 460 

co-cultured treatments may be driven by synergistic enzymatic activity. Laccases are well 461 

documented for their role in the oxidative degradation of synthetic polymers, including 462 

facilitating the introduction of oxygen-containing functional groups onto the hydrophobic 463 

polymer backbone as an initial step in biodegradation38,41,42. The link between laccase 464 

activity levels and weight-loss patterns therefore provides a plausible biochemical basis 465 

for the observed gravimetric results. While the differences in weight loss did not reach 466 

statistical significance, the alignment between enzymatic and gravimetric measurements 467 

supports the biological plausibility of these trends and warrants further investigation under 468 

extended incubation conditions and with increased replication. 469 

 470 

4.5 FTIR Analysis of Polyethylene Following Bacterial Treatment 471 

In the AF and BC–AI–AF treated samples; a broad band appears in the 1000–1150 cm−1 472 

region. This is likely linked to two related surface changes. First, microbial oxidation can 473 

introduce oxygen-containing groups (such as C–O and C–O–C) onto the polyethylene 474 

chain, which makes the surface more hydrophilic. Second, biofilm material (especially 475 

EPS) can accumulate on the polymer surface. Because EPS contains polysaccharides 476 

and glycoproteins, it produces signals in this same spectral region. Since FTIR alone 477 

cannot clearly separate these overlapping contributions, both effects are treated as 478 

evidence of active microbial surface interaction and biofilm colonisation 43–45 . 479 

The way the A2915/A2847 ratio changes with treatment also points to different interaction 480 

patterns between the microbes and the polymer. Ratios are higher in AI (1.944), BC 481 

(1.919), and BC–AI (1.909) than in the untreated reference (1.854). This suggests that 482 

the amorphous parts of the polymer are being removed preferentially. Because 483 

amorphous regions are less tightly packed and more accessible, microbial enzymes are 484 

more likely to attack them. As these amorphous regions shrink, a larger fraction of the 485 

remaining material is crystalline, which increases the stretching ratio.  486 

Supporting this, the absolute peak areas decrease for AI, which is consistent with actual 487 

loss of aliphatic hydrocarbon material (i.e., polymer breakdown and carbon utilisation), 488 

not just a change in how much material is present at the surface 46–48. 489 

The AF isolate showed the biggest change compared with the untreated reference. Its 490 

lower A2915/A2847 ratio (1.814) suggests that degradation is more advanced going beyond 491 



erosion of the amorphous regions and beginning to affect the crystalline structure. This is 492 

likely driven by enzymatic cutting of polymer chains, together with the effect of oxygen-493 

containing groups that interfere with normal chain rearrangement. At the same time, the 494 

higher overall peak area is best explained by strong surface colonisation. In other words, 495 

the biological material on the polymer surface (such as EPS and other biofilm 496 

macromolecules) contributes to the measured signal, so it does not necessarily mean that 497 

the polymer contains more methylene 47,49 . 498 

In the co-cultures that included AF like AI-AF (1.853), BC-AF (1.845), and BC-AI-AF 499 

(1.854)—the ratios stayed very close to the untreated control. This suggests that when 500 

multiple strains work together, they may degrade the polymer in a more coordinated way, 501 

affecting both less-ordered (amorphous) and more-ordered (crystalline) regions more 502 

evenly. One possible explanation is that different strains play different roles: some may 503 

break down the more accessible amorphous parts first, while others quickly consume the 504 

small breakdown products that are released. By doing this, they may reduce the build-up 505 

of acidic compounds that could otherwise disrupt further degradation. Overall, this 506 

cooperation could help maintain a similar balance between crystalline and amorphous 507 

regions while still allowing more material to be broken down and used. However, to 508 

confirm the exact mechanism, you would need additional biochemical and molecular 509 

tests, which are outside the scope of this study 43,47,50 . 510 

5.0 Conclusion 511 

The collective physical, biochemical, and spectroscopic data generated in this study 512 

indicate that synthetic bacterial consortia alter early-stage low-density polyethylene 513 

(LDPE) degradation dynamics compared with single-strain treatments. Although the 28-514 

day incubation period was insufficient to capture the full extent of polyethylene 515 

breakdown, the alignment between the highest gravimetric mass losses and the highest 516 

specific laccase activity in the BC–AI group supports a biologically likely mechanism of 517 

microbial cooperation. Importantly, quantitative ATR-FTIR deconvolution indicates a 518 

difference in degradation behavior between monoculture and consortium treatments in 519 

their interaction with the polymer matrix. Monocultures appear to preferentially target the 520 

more accessible, less-ordered amorphous regions, as reflected by shifts in the A₂₉₁₅/A₂₈₄₇ 521 

ratio. By comparison, multispecies consortia exhibit a more balanced spectral profile, 522 

suggesting a coordinated mode of degradation involving both amorphous and crystalline 523 

domains, potentially driven by metabolic complementarity. Overall, these findings shift the 524 

emphasis from single-strain performance to the structural advantages of cooperative 525 

microbial systems, providing a justification for moving beyond monoculture designs and 526 

future bioremediation studies should use larger sample sizes and prolonged incubation 527 

time to better assess the synergistic potential of multispecies consortia.  528 
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Supplementary Information  718 

 719 

Fig.S1 Individual peak deconvolution profiles of the CH₂ stretching region (2800–2960 720 

cm⁻¹) for low-density polyethylene (LDPE) films across experimental treatments. 721 

Deconvoluted sub-component bands are displayed for individual isolates (AF, AI, BC), 722 

dual co-cultures (AI-AF, BC-AF, BC-AI), the triple co-culture (BC-AI-AF), sterile abiotic 723 

control (CTRL), and the untreated reference film. Black solid lines represent the 724 

experimental Min-Max normalised ATR-FTIR absorbance data, while red dashed lines 725 

indicate the cumulative mathematical Gaussian-Lorentzian fit. Shaded areas resolve the 726 

independent structural sub-components: the high-wavenumber terminal methyl/shoulder 727 

(~2952 cm⁻¹), the dominant asymmetric CH₂ stretching band (~2915 cm⁻¹), and the 728 

symmetric CH₂ stretching band (~2847 cm⁻¹). Individual coefficients of determination (R² 729 

≥ 0.938) confirming mathematical model reliability are reported within each respective 730 

panel legend.  731 
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