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MONITORING FUNGAL BIODEGRADATION OF LOW-DENSITY POLYETHYLENE1
[LDPE] FROM PLASTIC WASTES DUMP SITES USING FT-IR SPECTRA2

3
ABSTRACT4

Introduction: Polyethylene is the most commonly used synthetic plastics and is poorly degraded5
in natural environments, thus causing serious environmental problems.6

Aim of the study: This study was designed to investigate the polyethylene degrading potentials7
of fungal strains recovered from several plastic polluted sites.8

Place and Duration of study: Department of Microbiology, Ekiti State University, Ado-ekiti9
between January 2016 and October 2017.10

Methodology: Soil and buried water sachet samples were analyzed for polyethylene degrading11
bacteria. Their abilities were monitored using dry weight, radial mycelial growth and FT-IR12

Results: The Ekiti State Waste Management Board site had the highest number of fungi isolates13
[28.75 x 104 and 16 x 104 hyphal cells/propagules per ml] obtained from the soil and14

polyethylene waste samples respectively. Five of the nineteen fungal isolates utilized low density15
polyethylene [LDPE] and were identified via molecular techniques as Aspergillus flavus KMBF16
1501, Penicillium simplicissimum YK 18, Alternaria alternata strain 20UPMNR, Aspergillus sp.17

and an unknown isolate Ps. 10 which could not be identified due to its low amplicon size. The18
FT-IR spectra revealed a carbonyl absorption band in Aspergillus flavus KMBF 1501 and19

Penicillium simplicissium YK 18 degraded polyethylene powder with vibration [Vfh] of C=O at20
1726.35 cm-1 normally observed at the frequency range of 1750 cm-1 – 1710 cm-1 denoting the21
formation of ketone or aldehyde group. A new Vfh of O-H stretch with H-bonded structure at22

3286.81cm-1 was formed by the degrading ability of Aspergillus flavus KMBF 1501 suggesting23
the formation of a new functional group usually at frequency range of 3500 and 3200cm-1 as24
alcohol or phenol. A slight decrease in the Vfh of O-H bend from 931.65 cm-1 to 929.72 cm-1,25
indicating carboxylic acid was also observed. However, a slight increase in the Vfh of C=C26
stretch from 1635.69 cm-1 to 1639.55 cm-1 represent an alkene while its O-H stretch gave a27

carboxylic acid group with no significant change when compared to the control sample.28

Conclusion: The FT-IR analyses demonstrated the ability of the fungal isolates to colonize and29
modify LDPE films.30

Keywords: Fungi, Low-density polyethylene, biodegradation, weight loss, water sachets, FT-IR31
spectra32

1. Introduction33
Synthetic plastics, such as polyethylene consist of monomers bounded or connected together34

by chemical bonds [1,2,3]. They are used extensively in packaging and other industrial and35
agricultural applications. Amongst the plastics is the Low Density Polyethylene [LDPE] which is36

characteristically inert and resistant to microbial attack, leading to their accumulation in the37
environment [4,5]. Their chemical stability and inertness make them recalcitrant, with improper38
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recycling and waste management systems making them important environmental pollutants [6,7]39
in many developing countries.40

Microorganisms play a significant role in the biological decomposition of materials [8].41
However, the high molecular weight, 3-dimensional structure, hydrophobic nature and lack of42

functional groups in the LDPE interfere with microbial attack. In most studies, fungi have been43
investigated for the biodegradation of LDPE because these organisms produce degrading44

enzymes [8] and extracellular polymers, such as polysaccharides, which can help to colonise the45
polymer surface [9], and the distribution and penetration ability of the fungal hyphae is an46

advantage. Fungi are heterotrophic organisms that have shown capability to breakdown47
xenobiotic compounds and have been investigated for LDPE biodegradation [10,11,12]. Reports48
have also shown that fungi species such as Penicillium simplicissimum, Fusarium solani are used49

in the degradation of both natural and synthetic polyethylene [13,14,15,16]. Bonhomme et al.50
[17] reported that with the activities of fungi, polyethylene with a starting molecular weight51
between 4000 to 28000 was degraded to units with a lower molecular weight of 500 which52

indicated the biodegradation process. Also, Ojha et al. [18] isolated, identified and reported two53
fungal strains, Penicillium oxalicum NS4 [KU559906] and Penicillium chrysogenum NS1054

[KU559907] with plastic degrading abilities.55

The present study was set up to isolate fungal isolates from the soil and water sachet samples56
collected from plastic waste sites and investigate their LDPE degradation potentials.57

2. Materials and Methods58
59

2.1. Collection of Samples60
Soil and low-density polyethylene bags [water sachet, thickness: 65-80microns] were61

scooped from three different sites, including Ekiti State Waste Management Board [EKSWMB],62
a popular restaurant located in Ekiti State University [EKSU] and a mechanic workshop at the63

outskirts of EKSU [0.8km, to University main gate] dump sites at the depth of 2cm into a sterile64
container.65

2.2. Preparation of polyethylene powder:66
Clean polyethylene sheets [water sachets] were cut into small bits and dissolved in 100 ml of67

Xylene [Hamburg Chemicals, Germany] by heating at 70oC until a homogenous solution formed.68
The solution was allowed to recrystallize and mechanically powdered using a mortar and pestle69

[19].70

2.3. Isolation of fungi:71
One gram [1g] of dry soil attached to the waste [polyethylene, water sachet] samples was72

transferred into a conical flask containing 99ml of distilled water, agitated and serially diluted73
[20]. Fungi associated with polyethylene [water sachet] were isolated by pour plate method using74

potato dextrose agar. These plates were incubated at 28oC for 3 days. Sub-cultures were made75
from observed colonies and then preserved in agar slant for further analysis [21].76

2.4. Mineral salts media [MSM]77

Polyethylene powder was added in mineral salt media to serve as carbon source. The media78
contained 0.1g of NH4NO3, 0.2g of MgSO4.7H2O, 1.0g K2HPO4, 0.1g of CaCl2.2H2O, 0.15g of79
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KCl, and 0.1g yeast extract; and 0.1mg/l of each of these micro-elements: FeSO4.6H2O,80
ZnSO4.7H2O and MnSO4 in 1L of distilled water [22]. Polyethylene powder was put into mineral81
salt medium at a final concentration of 1.0% [w/v]. For preparation of mineral salts agar [MSA],82

15g/L agar-agar was added to the broth medium prior to autoclaving.83

2.5. Screening of polyethylene degrading fungi84
The fungi isolates were inoculated onto mineral salt agar [MSA] containing polyethylene as85

sole carbon source, plated and incubated at 28oC. The growth rate was monitored for 5days [23].86
Radial mycelial growth was estimated as the area [πr2, where r = radius in mm] covered by the87
growth of the fungi isolates on the plate [24]. The organisms that showed prominent growth on88

the MSM were selected for further analysis.89

2.6. Molecular Identification of the Isolates90

Molecular characterization of the fungal isolates was identified by 18S rRNA sequence91
analysis. The fungal genomic DNA was isolated as described by Aderiye and Oluwole [25].92

2.6.1. Fungal genomic DNA extraction93

The genomic DNA was extracted from five to seven days old fungal cultures grown either on94
culture broth [26]. The fungal mass from the culture plate was scraped out with the help of a fine95

spatula and fungal mass from the culture broth was obtained by filtering the culture broth96
through a 10 mL syringes containing glass wool that will allow the broth to pass through, while97

retaining the fungal mass [26]. The fungal mass obtained from the culture plate or broth was98
placed in a 2ml tube containing a ceramic pestle, 60–80 mg sterile glass beads [425–600 μM,99

Sigma] and lysis buffer [100 mM Tris HCl [pH8.0], 50mM EDTA, 3 % SDS]. Homogenization100
of fungal mass was done twice in a FastPrep®-24 tissue homogenizer [MP Biomedicals, USA] at101

6 M/S for 60 sec [27].102

The resulting fungal tissue homogenate was centrifuge at 13,000 rpm for 10 min and103
supernatant was transferred to a fresh microcentrifuge tube. To the supernatant, 2ml of RNase A104

[10mg/ml] was added and incubated at 37°C for 15 min. After the RNase A treatment, equal105
volume of phenol: chloroform: Isoamyl alcohol [25:24:1] was added and mixed well, followed106
by centrifugation at 13,000 rpm for 10 min. This step can be repeated once more to completely107

get rid of proteins/cell debris [27]. The upper aqueous layer was taken in a fresh micro centrifuge108
tube and then equal volume of 100 % ethanol was added [Griffiths et al.; 2006] Following109

precipitation at -20 °C for 30 min, the whole content was centrifuged at 12,000 rpm for 10 min to110
pellet down the DNA [27]. The DNA pellet was washed with 70 % ethanol and centrifuged at111

12,000 rpm for 5 min. The DNA pellets were air dried and dissolved in 1× TE buffer [28].112

2.6.2. PCR AMPLIFICATION113

The PCR reactions were performed in a 25 μl reaction volume containing 16 μl PCR grade114
water [Sigma], 100ng of genomic DNA, 2.5 μl of 10 × reaction buffers, 2.5 μl of 10mM dNTPs115
mix [Sigma-Aldrich], 2 μl [10 pmol/ μl] of random decamer oligonucleotide primer OPA–1 and116

1 μl [5 U/ μl] of Taq DNA polymerase [Sigma-Aldrich]. Amplification was performed in an117
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Eppendorf Master Cycler [Eppendorf, Hamburg]. The PCR cycling conditions consisted of an118
initial denaturation step at 94°C for 2 min and subjected to 40 cycles of the following program,119

94°C for 30 s, 37°C for 1 min, 72°C for 2 min and final extension at 72°C for 10 min [29].120

2.6.3. Sequencing of amplified ITS gene121

The PCR products were purified using Montage PCR Clean up kit [Millipore]. The purified PCR122
products of approximately 1,500bp and the fungal sequencing and identification were performed123

as described by [29] sequencing sequenced using two primers ITS4124
[TCCTCCGCTTATTGATATGS and ITS5 [GGAAGTAAAAGTCGTAACAAGG]. The125

sequences of PCR products were analyzed using standard protocols with a dideoxy nucleotide126
dye terminator [Big Dye vs. 3.1—Applied Biosystems, CA, USA] and Genetic Analyzer 3130127

[Applied Biosystems, CA, USA]. All 23S rRNA gene sequences were checked for quality,128
aligned, and analyzed with Codon-Code Aligner v.3.7.1 [CodonCode Corp.; Centerville, MA,129

USA]130

2.7. Biodegradation studies131

The pre-weighed disc of LDPE films was aseptically transferred into the conical flask132
containing 300ml of mineral salt medium and then inoculated with the spore suspension of133

identified polythene degrading fungi. Control was maintained with LDPE films in the microbe134
free medium and left in a rotary shaker [120rpm] at 33.3°C, for 21days [30]. After incubation,135

the discs were collected, washed thoroughly using distilled water; shade dried and further136
analyzed the biodegradation.137

2.7.1. Preparation of fungal spore suspension138

Following the identification of the fungal isolates using 18S rRNA sequencing, the fungal139
spore suspension of Penicillium simplicissium KC 503976.1, Aspergillus flavus JX025733.1, and140
Alternaria alternata KJ779602.1 was prepared as described by Aderiye and Ogundana [31] for141

biodegradation of polyethylene strips monitored by FT-IR spectroscopy. Screening for142
polyethylene utilization by these fungi was carried out with one milliliter culture suspension of143

each fungus added to 100 ml of mineral salt medium which contained 0.5g of polyethylene strips144
as the sole carbon source and incubated at 30±2 oC for 30days [32].145

2.7.2. Dry weight determination:146

Dry weight determination was done by the shake flask method [33]. Identified fungi species147
were inoculated into 50ml minimal salt medium containing water sachet films cut in 5cm x 5cm148
as the only carbon source. All these flasks were put into a shaker incubator at 28 °C for 28 days,149

maintained at 180rev/min. The LDPE films were recovered after 7, 14, 21 and 28 days150
incubation from the culture media, washed thoroughly with distilled water and dried over night151
at 45 °C. The final weight was determined after each successive incubation period. The control152
was maintained with the LDPE discs in the microbe-free medium. From the data collected, the153

weight loss of the plastic discs was calculated.154

155
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2.7.3. Fourier Transform Infrared Spectroscopy [FT-IR]156

FT-IR was used to confirm biodegradation by determining the formation of new functional157
groups or disappearance of groups in the polymer. Changes in the polyethylene structure158

following natural weathering and subsequent incubation with the fungal isolates were analyzed159
by FTIR spectrophotometer [8400 Shimadzu, Japan, with Hyper IR-1.7 software for Windows]160

[34]. The LDPE film exposed to the isolates was analyzed after 28 days of incubation period161
which was recorded from frequency of 4000–400 cm−1 at a resolution of 4 cm−1 at room162

temperature with a helium–neon laser lamp as a source of IR radiation.163

164

3. RESULTS165
The present work deals with the isolation, identification and the degrading ability of the fungi166

isolates obtained from the three different dumping sites.167

3.1. Soil type and mycoflora of polyethylene strips from sampling sites:168

The soil type collected from the sampling sites varied from the humus (EKSWMB), loamy169
(restaurant) to the loose sandy soil found in the mechanic workshop. The colour of the soil was170

deep brown, beige to black and brown respectively (Table 1). The average number of171
propagules/hyphal strands of the fungi isolates obtained from the different sampling sites is172

shown in Table 1. After 3 days of incubation, about 20.75 and 21 x 104 hypha cell/propagules per173
ml respectively were estimated on potato dextrose agar (PDA) from soil and polyethylene bags174
collected from the restaurant dump site while about 19 x 104 hyphal cells/ml and 15.25 x 104175
hyphal cell/propagules per ml respectively were obtained from the soil and polyethylene bags176
collected from the mechanic workshop. Soil and the polythene waste samples obtained from177

EKWMB site had the highest number of fungi isolates (28.75 x 104 hyphal cell/propagules per178
ml and 16 x 104 hyphal cells/propagules per ml) respectively. Nineteen fungal isolates were179

eventually recovered and screened for LDPE utilization.180

181

182

183

184

185

186

Table 1: The colour, type and mycoflora of soil and polyethylene samples187

Sampling (Dump) Site Soil Colour Soil Type Fungal count
(log10 x104

hyphal cells)
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I. EKSWMB
i. Soil

ii. Polyethylene
Deep brown Humus 28.75 (5.46)

16.00 (5.2)
II. Restaurant

i. Soil
ii. Polyethylene

Beige to black Loamy 20.75 (5.32)
21.00 (5.32)

III. Mechanic Workshop
i. Soil

ii. Polyethylene
Brown Sandy 19.00 (5.28)

15.25 (5.18)

188
3.2. Growth of Fungal Isolates on PDA and MSM plates189

Nineteen (19) fungal isolates were obtained from different soil and LDPE samples at the190
dumpsites and later subjected to growth on potato dextrose agar. The growth of 19 fungal191

isolates from the three different dump sites was monitored for five days on PDA by measuring192
their radial mycelial growth. It was observed that there was increase in the mycelia area as the193
incubation period increased. All the isolates had their optimal growth on day 5 of incubation194
(Table 2). Table 2 reveals the growth pattern of these fungal isolates in 5 days. There was no195
evidence of growth after day 2 in any of the fungal isolates except in Ps 15 where there was196

tremendous growth (380.30 sq.mm). After 4 days the mycelia had increased about three times197
(1134.62 sq.mm) its size in 48h. By the 5th day, the organism had overgrown the culture medium.198

Similarly, isolates Ps. 1, Ps. 11, Ps. 12, Ps. 14 and Ps. 19 exhibited tremendous growth with199
mycelia mass of 380.3, 962.5, 962.54, 616.03 and 707.18 sq.mm within 4days.200

However, when grown on Mineral salts agar plates, only 5 isolates (Ps. 2, Ps. 4, Ps. 10, Ps. 13201
and Ps. 19) grew (Table 3). Ps. 10 exhibited the greatest degrading ability, evident from its202
mycelia size (1134.62sq.mm) after 11days. Unfortunately, isolate Ps 10 was not identified.203

Fungal growth on supplemented MSM was very poor in all the isolates except Ps 10 after 5days204
incubation, where mycelia growth was 154.01sq.mm. On the 11th day, the fungal growth was205

tremendous (1134.62 sq.mm). The rate of growth of this isolate was 140.94sq.mm/day. Mycelia206
growth of Ps. 13 was the least (7.07sq.mm) even after 11days of experimentation while the size207
of mycelia of Ps. 2 (113.15sq.mm) and Ps. 4 (63.65sq.mm) was about one-tenth of those of Ps.208

10 (1134.62sq.mm) and Ps. 19 (616.03sq.mm) respectively. It was observed that isolate Ps10 and209
Aspergillus sp. grew best (113.62 and 616.03 sq.mm respectively). The five fungal isolates grew210

well on PDA and on supplemented mineral salt media which revealed their ability to utilize211
LDPE.212

213
214
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Table 2: Growth (sq.mm) of fungi isolates on potato dextrose agar215

Key:  < 50sq.mm=poor growth,                                101-200sq.mm=slow growth216
51-100sq.mm=moderate growth            201-350sq.mm=high growth217

>350sq.mm = tremendous growth218
219

Table 3: Growth (sq.mm.) of the fungi isolates on mineral salts (MSM) agar supplemented220
with LDPE powder221

Isolate Code Day 3 Day 5 Day 7 Day 9 Day 11

Ps. 2 0.00 0.00 12.57 50.29 113.15

Ps. 4 0.00 7.07 7.86 38.50 63.65

Ps. 10 7.07 154.01 314.3 908.33 1134.62

Ps. 13 0.00 0.00 0.00 3.14 7.07

Ps. 19 7.07 63.65 254.58 380.30 616.03

Key:  < 50sqmm= poor growth,                      51-100sq.mm = slow growth,222
101-200sqmm = moderate growth, 201-350 sq.mm = high growth,223

> 350sqmm =tremendous growth,224

Isolate code Day 2 Day 3 Day 4 Day 5

Ps 1 0.00 28.29 380.30 660.82
Ps 2 0.00 38.50 95.08 176.58
Ps 3 0.00 28.29 113.15 176.79
Ps 4 0.00 3.14 38.50 78.58
Ps 5 0.00 28.29 95.08 154.01
Ps 6 0.00 0.00 3.14 12.57
Ps 7 0.00 7.07 19.25 63.65
Ps 8 0.00 28.29 154.01 283.66
Ps 9 0.00 28.29 154.01 283.66

Ps 10 0.00 50.29 176.79 314.3
Ps 11 0.00 154.01 962.5. Over grown
Ps 12 0.00 314.3 962.54 Over grown
Ps 13 0.00 7.07 132.79 283.66
Ps 14 0.00 63.65 616.03 Over grown
Ps 15 380.30 962.94 1134.62 Over grown
Ps 16 0.00 0.00 12.57 50.29
Ps 17 0.00 78.58 95.08 176.79
Ps 18 0.00 28.29 154.01 254.58
Ps 19 0.00 660.82 707.18 38.50
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3.3. Molecular characterization and identification of fungi isolates associated with225
LDPE degradation226

Molecular techniques were employed for the characterization and identification of the227
fungi isolates. The DNAs were extracted (Fig.1) and the PCR carried out with genomic DNA228

(Fig. 2) were checked for their amplicon sizes. Some amplicons (i. e. those of Ps. 2, Ps. 4, Ps. 13229
and Ps. 19) resulted in strong amplification of an expected 1.5 kb fragment while the fifth isolate230
(Ps.10) revealed below 0.65 kb fragment. The names of the isolates formally written as Ps. 2, Ps.231

4, Ps. 13 and Ps. 19 were revealed as Aspergillus flavus KMBF 1501 (accession number232
JX025733.1), Penicillium simplicissimum strain YK 18 (accession number KC503976.1),233

Alternaria alternata HM 543460.1 (and Aspergillus species enrichment culture clone RS 4234
(accession number KT 211865.1) respectively (Fig. 3; Table 4). Isolate Ps. 10 did not reveal any235

sequence identity because of its small amplicon size.236
237
238

Table 4: Molecular characterization of fungal isolates239

Isolate
code

Names % Similarity Accession
Number

Ps. 2 Aspergillus flavus KMBF 1501 99.3 JX025733.1

Ps. 4 Penicillium simplicissimum strain YK 18 94 KC503976.1

Ps. 13 Aspergillus sp. enrichment culture clone RS 4 - KT211865.1

Ps. 19 Alternaria alternata strain 20UPMNR 86 HM543460.1

240
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3.3.1. Phylogenetic Tree241

The sequence of the organism was compared with the Gene Bank on National Centre for242
Biotechnology (NCBI) and the phylogenetic tree was re-covered from Mole Blast. The243

percentage similarities of the organisms with the sequence revealed Aspergillus flavus KMBF244
1501 (99.25%), Aspergillus species enrichment culture clone RS 4 (99.25%), Penicillium245
simplicissimum strain YK 18 (94%) and Alternaria alternata 20PMNR (86%) (Table 4).246

The alignment statistics and the identities of the organisms showed that the relatedness was due247
to the sequence similarities, related information from the 5.8S ribosomal RNA gene and the248
number of matches from the sequence. Aspergillus flavus KMBF 1501 had about 99.25%249

relatedness to Aspergillus sp. clone RS 4 due to some sequence similarity while Penicillium250
simplicissimum strain YK18 gave a slight sequence deviation from the number of matches from251

the sequence length (94%). Approximately 84% similarity was noticed from Alternaria alternata252
20UPMNR sequence in comparison with the sequence of other related organisms on the253

phylogenetic tree (Fig. 3).254

255

Ps2 Ps4    Ps10 Ps13 Ps19

256

Fig. 1: Gel electrophoresis of extracted DNA from the isolates257
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Marker Ps2       Ps4 Ps10     Ps13     Ps19

2000bp

1500bp

1000bp

750bp

500bp
400bp
300bp
200bp

258
Fig. 2: Polymerase chain reaction amplification on agarose gel259

260
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86% Alternaria alternata strain 20UPMNR 5.8S ribosomal RNA gene261

262
263

94% Penicillium simplicissimum strain YK18, 5.8S ribosomal RNA gene264

265

266

267

268

269

99.25% Aspergillus flavus KMBF 1501, 5.8S ribosomal RNA gene.270

Aspergillus sp. enrichment culture clone RS4, 5.8S ribosomal RNA gene.271

Fig. 3: Phylogenetic tree showing the relatedness of the organisms from their percentage272
similarity.273

274
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3.4. Dry Weight Determination of degraded polyethylene films:275

The effectiveness of degrading fungi strains was studied over a period of 28 days and the276
percentage weight loss of the LDPE treated with the strains is represented in Fig 4. These fungal277

isolates were found to be responsible for the decrease in the weight of polyethylene films by278
adhering on its inert surface. It was observed that Penicillium simplicissimum strain YK 18 had279
the least degrading ability (0.038%), while Aspergillus species enrichment culture clone RS 4280

degraded 0.084% of the slips after 28days. Alternaria alternata strain 20UPMNR degraded the281
polymer by 0.087% whereas Aspergillus flavus KMBF 1501 exhibited the highest degrading282

ability by reducing the polymer weight by 0.143%.283

3.5. Monitoring LDPE Degradation by FT-IR284

Comparing the control sample with the other LDPE samples treated with fungi in this285
study, it was observed that some of the vibrational frequencies obtained from the control sample286
(uninoculated synthetic medium) indicated particular one functional groups or the other in the287

chemical structure of the sample (polyethylene synthetic medium). Any alteration of these288
functional groups either by band shift, appearance or disappearance of characteristic bands due to289

any of these functional groups in the remaining samples treated with microorganisms indicate290
degradation in the polymer structure. In Fig 5, there were some functional groups denoted by291
vibrational frequencies (Vfh) present in the control sample at 3441, 2918 and 2851, 1636 and292
932cm-1, with vibrational bands for an O-H stretch H-bond, C-H stretch, N-H bend and O-H293

bend respectively. These bands are indicative of the presence of the following functional groups;294
alcohols/phenols, alkanes, primary amines and carboxylic acids with intensities of 63%, 71 %,295
73%, 81% and 91% respectively (Table 5).  The characteristic bands from the FT-IR spectra on296

LDPE degraded by A. flavus, P. simplicissimum, A. alternata and the control sample is presented297
in Table 5. The observed trend in each treatment is hereby compared with that of the control298

sample. From the data in Table 5, characteristic -C=C- stretching vibration band were observed299
in the control and the three fungi strain LDPE treatment. This featured at 1635cm -1in control,300

1640 cm-1 in A. flavus, 1632 cm-1 in P. simplicissimum and 1638 cm-1 in A. alternaria301
respectively. The control samples had no carbonyl (C=O) (stretch) absorption band around 1725302
cm-1. However, new vibrational bands (peak) at 1726 cm-1, 1724 cm-1 in the three different fungal303

isolates were due to the microbial oxidation of the LDPE polymer leading to the formation of304
carbonyl (C=O) stretch bonds with characteristic absorption at 1740-1720 (s) cm-1 due to the305

formation of aldehyde or ketone groups.306

Apart from the general oxidation trend shown by the microorganisms, specificity in behavior of307
each fungi isolate was observed. A new vibrational peak at 3287 cm-1 was observed in the A.308

flavus degraded LDPE but not in the other treatments with P. simplicissimum and A. alternata.309
This was traced to the formation of O-H stretch with H-bonded structure formed by the310

microorganisms on the substrate. This was not observed on the P. simplicissimum and Alternaria311
alternata degraded sample. There was disappearance of the peak at 932 cm-1 in the P.312

simplicissimum and Alternaria alternata treated LDPE samples. This was due to the activity of313

UNDER PEER REVIEW



13

the microorganisms on the OH- band vibration, but was not observed in the A. flavus degraded314
LDPE315

There were slight differences in the intensity of the characteristics peaks due to influence of316
microbial activity on the identified chemical bonds. The specificity of enzymes from the317

microorganisms is particularly a determinant in the degree of degradation. A. flavus degraded318
better than the other two strains based in its ability to form two new bonds at 1726 cm -1 and 3286319
cm-1 as against only one bond in the other two isolates. A new Vfh of O-H stretch with H-bonded320

structure at 3287 cm-1 was formed by A. flavus and this denotes the formation of a new321
functional group usually at frequency range of 3500 and 3200 cm-1 which is indicative of the322

presence of alcohol or phenol. The characteristic band O-H bond at 950-910 (m) cm-1 was323
observed in the control sample at 932 cm-1 and in A. flavus at 929 cm-1. The isolates of P.324

simplicissimum and A. Alternaria do not show the bands due to the fact that it had been325
completely degraded. It was also observed that the Vfh of O-H bend and O=H stretch with H-326

bonded structure which denotes the carboxylic acid group and the alcohol or phenol group327
respectively which disappeared among the vibrational frequencies as a result of the polymer328

oxidation. In addition to the formation and disappearance of vibrational frequencies (functional329
groups), there was slight decrease in the Vfh of O-H stretch (i.e. hydroxyl group) from 3441.12330

cm-1 to 3439.19 cm-1 and C=C stretch from 1635.69 cm-1 to 1631.83 cm-1 (i.e. the alkene group)331
when compared to the control sample.332

Similar to the one observed in LDPE treated with A. flavus KMBF 1501, the carbonyl333
absorption band with vibrational frequency of C=O at 1726.35 cm-1 was observed when the334

polyethylene powder was degraded by A. alternata strain 20UPMNR at the frequency range of335
1750 cm-1 to 1710 cm-1, indicating the formation of ketone or aldehyde group. There was a slight336
shift in Vfh of O-H stretch (i.e. hydroxyl group) from 3441.12cm-1 to 3423.76cm-1 and also shift337

increase in Vfh of C=C stretch (i.e. alkene group) from 1635.69cm-1 to 1637.62cm-1 when338
compared to the control sample. In addition, there was disappearance of Vfh of O-H bend and O-339
H stretch with H-bonded structure indicating complete oxidation of carboxylic acid and alcohol340

or phenol respectively.341

342

343

344

345

346

347

348
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349

350
Fig. 4: Percentage degradation of LDPE by fungal isolates after 28 days351

Ps. 2: Aspergillus flavus KMBF 1501;
Ps. 4: Penicillium simplicissimum strain YK 18;
Ps. 13: Aspergillus species enrichment culture clone RS 4;
Ps. 19: Alternaria alternata strain 20UPMNR
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Table 5: Summary of the FT-IR results of the degraded LDPE samples by the three fungal isolates in comparison with the352
control sample353

Vibrational
Freq. (Vfh)

cm-1

Control
sample
(cm-1)

%
intensity

Aspergillu
s flavus
(cm-1)
KMBF
1501

% intensity Penicillium
simplicissi

mum (cm-1)
strain YK

18

%
intensit

y

Alternaria
alternata

(cm-1) strain
20UPMNR

%
intensit

y

Functional
groups/
Bands

3500-3200
(s,b)

3441 63 3441 53 3439 73 3424 49 O-H stretch

1740-1720 (s) Nil - 1726 93 1724 91 1726 84 C=O stretch

1680-1640
(m)

1636 81 1640 82 1632 86 1638 72 -C=C- stretch

950-910 (m) 932 91 930 100 Nil - Nil - O-H bend

3000 -2850
(m)

2918 &
2851

71 &
73

2922 &
2851

76 &78 2918 &
2851

76&77 2922 & 2851 69&72 C-H stretch

1360-1290
(m)

1385 86 1383 95 1383 90 1316 83 NO2 stretch

3300-2500
(m)

Nil - 3287 67 Nil - Nil - O-H stretch
with H
bonded

structure
Control: Uninoculated Polyethylene Powder354

355
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356

Fig. 5: FT-IR spectra on LDPE degraded by different fungi strains compared with the357
control sample without treatment358

359

360

361

362

363

364

365

366
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4. Discussion367

The soil type of the dumpsites. The soil colour depicts the nature of the activity of each of the368
organizations where the samples were sourced. For example, the disposal of kitchen wastes and369

run-offs has encouraged biological life, resulting into black loamy soil found in the dumpsite370
[35].371

The microbial degradation process of polymers is initiated by the secretion of enzymes which372
cause a chain cleavage of the polymer into monomers [13; 8, 36,37,38]. Metabolism of the split373

portions leads to progressive enzymatic dissimilation of the macromolecules from the chain-374
ends; eventually, the chain fragments become short enough to be consumed by375

microorganisms [39]. Ps. 1 and Ps. 13 showed exceptional growth capability of over 1344% and376
1878% respectively in 24h (i.e. between day 3 and day 4). The mycelia size of these fungi377

increased by 2335% and 4012% respectively after 5days.378

Only five of the nineteen isolates were able to utilize LDPE on MSM agar. The five (5) of the379
isolates were characterized using their morphological appearance and microscopic features380

[40,41] as Aspergillus flavus, Penicillium simplicissimum, Alternaria alternata, Aspergillus sp.;381
an unknown isolate Ps10 were able to utilize LDPE as sole carbon source within 11days. These382
isolates have been reported to be capable of utilizing LDPE as sole carbon source [13; 36;37;38]383
with Aspergillus niger [9,10], and other strains of the Aspergillus genus including A. terreus, A.384

fumigatus [11] and A. flavus [42] being chiefly implicated.385

Total genomic DNAs extracted from the isolates were used as template for PCR amplification386
using the primers (Forward and Reverse). In the present study, the genomic DNA amplified had387
the same transition weight (1.5kb) probably due to the fact that the isolates maybe of the same388
family (Fig. 1), this agrees with Liao et al. [43] who reported that isolates with holotype DNA389

nucleotide sequence may be amplified on the same DNA molecular weight unless there is large390
variance in the sequence and the family, resulting into new variant organism. Schloss and391

Handelsman [44] reported that currently 99% of the microbes present in many natural392
environments such as the soil may have nucleic acids that may possess the same DNA molecular393

weight and thus amplified at the same region. The PCR carried out with these genomic DNAs394
from the organisms using the set of degenerate oligonucleotide primers for highly conserved395

regions among the various fungi gene sequences resulted in strong amplification of an expected396
1.5kb fragment. The arrows point to the specific gene fragments (1.5kb) on the DNA ladder397
which showed that amplification occurred at 1.5kb DNA transition weight. The amplified398

fragments in the PCR procedure were purified and sequenced (Fig. 2). The clear and abundant399
DNA fragments amplified during the PCR process were probably due to the fact that the fungi400
isolates possess the same DNA sequence and weights, some of which had 99% identity with401

sequence from the GenBank, an observation similar to the findings of Rajendhran and402
Gunasekaran [45] on Rhizobium leguminosarum bv. viciae 3841 (accession no. CAK07882)403

In this study, the degradability potential of Aspergillus flavus KMBF 1501 was about four404
times (3.76) greater than that of Penicillium simplicissimum strain YK 18.  Sowmya et al. [36]405
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also isolated Alternaria alternata and Penicillium simplicissimum, and found that the fungi were406
able to degrade surface sterilized polyethylene bags with evident weight loss of 0.8% and 7.7%407
respectively after 3 months of incubation. Unlike the findings of Sowmya et al. [36], the results408
obtained in this study confirmed that these organisms can utilize polyethylene without any pre-409

treatment like heat, UV light and acid. Abraham et al. [37] also identified an Aspergillus species410
which was able to degrade LDPE incubated in soil over a period of 90 days resulting in 4.9%411
weight reduction. Yamada-Onodera et al. [13] investigated a strain P. simplicissimum YK and412

observed that the isolate was able to grow on LDPE plate at 0.5 w/v concentration although they413
noticed that there was a need to irradiate the films before the isolate was able to utilize it.414
However, Rani and Singh [46] reported degradation of PE by A. flavus with up to 12%415

degradation ability.416

Das and Kumar [47] observed in their investigation that the loss in weight of LDPE films417
was as a result of fungal adherence to the films’ inert surface prior to utilizing it as the only418

carbon and energy source which resulted in an increase in the fungal growth. Kavitha et al. [48]419
also reported that the percentage of weight reduction of incubated Low density polyethylene420
films was not as a result of chemicals in the mineral salt medium, but because of a biological421

process. The initial breakage of PE chains is the longest and most difficult step in LDPE422
degradation and with long incubation periods, significant quantities of carbonyl groups are423

produced which will initiate further decomposition process [49].424

FT-IR was used to confirm biodegradation of the LDPE strips by determining the425
formation of new functional groups or disappearance of groups in the polymer. The formation426

and disappearance of carbonyl and double vibrational bond bands and other groups using the FT-427
IR was posited for elucidating the mechanism of the biodegradation of LDPE [48].  Carbonyl428

absorption band of Vfh of C=O observed in P. simplicissimum strain YK 18 degraded429
polyethylene powder at 1724.42cm-1 was in the frequency range of 1750cm-1–1710cm-1 similar430

to that observed in A. flavus [KMBF 1501] degraded sample, denoting the formation of ketone or431
aldehyde. A slight shift in the vibrational frequency of ketone or aldehyde of polyethylene432

treated with P. simplicissimum strain YK 18 was as a result of degradation of the polyethylene433
by the fungus [10]. The formation of these bands indicates the oxidation of LDPE by the fungi or434

their enyzmes [50,51].435
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