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Abstract In the natural environment, low-density poly-

ethylene (LDPE) contamination is one of the major sources

of pollution and creates the hazardous threat. Biodegrada-

tion is an eco-friendly approach to control such type of

pollution and maintain the sustainable environment. The

presence of nanoparticles influences the growth ability of

polymer-degrading microbes. In the present study, SiO2

nanoparticles were employed to scrutinize their effect on

polymer biodegradation efficiency. LDPE containing

minimal salt medium supplemented with SiO2 nanoparti-

cles (20 nm) at concentration of 0.01% w/v. Out of five

bacterial strains, Bacillus sp. V8 and Pseudomonas sp. C 2

5 were found to be the most potential strains for polymer

degradation. SiO2 nanoparticles improved growth profiling

by shifting in lag phase, and it was also found effective to

increase the biodegradation efficiency of bacterial strains

by means of k-max shifts, and Fourier transform infrared

analysis revealed the formation or alteration of the chem-

ical structure of the degraded polymer. The values of k-
max were shifted 217–227, 211–226, 209–224, 210–225,

and 214–224 in the presence of Bacillus sp. strain V8,

Pseudomonas sp. strain C 2 5, Pseudomonas sp. strain V1,

Acinetobacter sp. strain V4, and Paracoccus sp. strain B1

4-, respectively. Fourier transform infrared analysis

showed absorption frequencies of bacteria-treated poly-

mers corresponding to 3049, 3275, 3527.8, 2196, and 3034

and confirmed the C–H stretching, O–H stretching, and

C:H stretching, respectively. The study signifies the

bacteria–nanoparticles interactions that significantly influ-

ence the competence of polymer degradation.

Keywords Biodegradation � Nanoparticles � LDPE � FT-
IR � Vigna mungo

1 Introduction

The soil is composed of solid matter, pore space, and mix-

ture of mineral and organic materials which forms on the

surface of the earth and changes in response to climate, and

organisms. The soil consists of layers and differs from their

parent materials in their texture, structure, consistency,

color, chemical, biological, and other physical characteris-

tics. The living component of an acre of soil may contain a

large number of arthropods, earthworms, protozoa, algae,

fungi, and bacteria (Pimentel 1995; Methods Manual Soil

Testing in India 2011). It has been estimated that the top

layer of soil may contain up to one million species of

microbes per gram, making soil the most abundant ecosys-

tem on earth. These biological factors are responsible for the

fertility of the soil. The soil fertility is affected by several

types of pollutants, and polymer contamination is one of

them (Shimao 2001; Premraj and Doble 2005; Sivan 2011).

Synthetic polymers significantly alter the soil environment

via substantial load of industrial, transportation, packaging,

manufacturing of containers, bottles, films, etc. (Arutchelvi

et al. 2008; Soni et al. 2009; Nwachukwu et al. 2010; Sridevi

et al. 2011; Santo et al. 2013; Mehmood et al. 2016a, b). The

characteristics of synthetic polymers, such as rigidity, per-

meability, and transparency, can be controlled by changing

the synthesis process and by using specific additives
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(Nwachukwu et al. 2010). The use of manmade synthetic

polymer, especially polyethylene, is growing day by day.

Polythene constitutes 64% of the total synthetic plastic as it

is being used in huge quantity for the manufacture of bottles,

carry bags, disposable articles, garbage containers, mar-

garine tubs, milk jugs, and water pipes. Annually 140 mil-

lion tons of synthetic polymers were used with 57 million

tons of productive waste (Shah et al. 2008b; Sivan 2011;

Balasubramanian et al. 2010). Polyethylene or plastic (low-

density polyethylene) is one of such contaminant which is

posing a serious threat to our soil environment (Arutchelvi

et al. 2008; Nwachukwu et al. 2010). Polymers can be

degraded by surface erosion and chain scission. Biodegra-

dation of polymer by the microorganisms, and along with

microorganisms the use enzymes is most effective process

for degradation process. The evaluation of microbial

biodegradability is based not only on the chemical structure

but also on its physical properties (melting point, glass

transition temperature, crystallinity, storage modulus, etc.).

The microorganism that serves as prominent source of

hydrolytic enzymes is widely accepted for polymer

biodegradation (Tokiwa et al. 2009; Goel et al. 2008). Some

microorganisms were reported for the polymer degradation,

i.e., bacteria (Pseudomonas, Streptococcus, Staphylococcus,

Micrococcus, Arthrobacter, Rhodococcus, Microbispora,

Streptomyces, Bacillus, and Acinetobacter calcoaceticus),

fungi (Aspergillus niger and A. glaucus), and actinomycetes

(Swift 1997; Albertsson et al. 1998, Gilan et al. 2004; Hoang

et al. 2007; Satlewal et al. 2008; Manzur et al. 2004). In the

past decades, the nanoparticles are exploited in the diverse

fields. It is widely used in pharmaceuticals industries for

drug delivery and biological applications. Nanoparticles

enhanced the physical properties and biological activates of

materials (Niksefat et al. 2014; Kapri et al. 2009). The

nanoparticles of silver, cobalt ferrite, gold, silica oxide, iron

oxide, and zinc oxide were exploited for increasing surface

area that helps to improve the microbial growth in liquid

medium (Neal 2008; Oloffs et al. 1994, Flores et al. 2004;

Thati et al. 2010; Williams et al. 2006; Kapri et al. 2010b,

Reijnders 2009). The present investigation deals with LDPE

biodegradation efficiency of microbial cultures in the pres-

ence of SiO2 nanoparticles and their synergistic effect on

morphometric growth parameters of Vigna mungo.

2 Materials and methods

2.1 Materials

Silicon dioxide (silica) type A (colloidal dispersion of

particle charge negative with viscosity 25 cps)

nanoparticles of particle size 20 nm were used (purchased

from Sisco Research Laboratories Private Limited (SRL),

Mumbai) in present study. The polymer material was used

in a powder form for the screening of polymer-degrading

microorganisms. Polymer films (strips) and powder (par-

ticle size 110 lm) were prepared by boiling of LDPE

pellets (purchased from Sigma-Aldrich Chemical Corpo-

ration, USA, density 0.925 g/ml at 25 �C, melt index 25 g/

10 min as 190 �C/2.16 kg) with xylene followed by sol-

vent evaporation at room temperature (28 �C) and washed

with 70% ethanol.

2.2 Screening of polymer (LDPE)-degrading

bacterial cultures

A total of ten bacterial isolates from waste disposable

sites at Haridwar, Rishikesh, Haldwani, and Bhimtal

were selected. Selected bacterial isolates were examined

for polymer consumption as a primary carbon source. For

the screening of bacterial cultures, an aliquot of the

overnight grown active culture of bacteria was incubated

at 37 �C with polymer powder (0.3% w/v ultrasonicated

at concentration of 3 mg/ml, concentration reported pre-

viously for screening of polymer-degrading microorgan-

isms) containing minimal broth medium (Davis w/o

dextrose, Himedia Laboratories Pvt. Ltd., India). After

incubation, the growth was measured at 600 nm by using

UV–Vis spectrophotometer (Systronics 2201) (Augusta

et al. 1993; Satlewal et al. 2008; Kapri et al. 2010a; Soni

et al. 2009).

2.3 Biochemical and molecular characterization

Isolated cultures were initially examined and screened for

their polymer degradation potential. Out of ten bacterial

isolates, five bacterial strains, i.e., V8, C 2 5, V1, V4, and

B1 4-, were screened on the basis of their growth on

polymer supplement medium. The characterization and

identification of selected isolates were carried out by bio-

chemical test and molecular examination. Biochemical

characterization was performed according to Bergey’s

manual by using biochemical testing kits (HiCarboTM Kit

KB009, KB003 purchased from Himedia Laboratories Pvt.

Ltd., India). Molecular characterization was carried out by

using 16S rDNA sequence. PCR (polymerase chain reac-

tion) amplification of 16S rRNA gene was performed by

using 27f (50CCAGAGTTTGATCMTGGCTCAG30) and

1492r (50TACGGYTACCTTG TTAC GACTT 30) set of

bacterial primers. Amplified DNA products were

sequenced by BLAST search on NCBI GenBank (Pata-

gundi et al. 2014; Soni et al. 2009).
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2.4 Effect of silicon dioxide (SiO2) nanoparticles

on bacterial growth

The effect of silicon dioxide (SiO2) nanoparticles on

polymer biodegradation was observed in minimal broth

medium (Davis w/o dextrose) containing LDPE polymer at

the concentration of 3 mg/ml (previously standardized and

reported by authors) (Augusta et al. 1993). Nanodispersion

of SiO2 nanoparticles having concentration 0.4 g/ml and

nanoparticles used in media at the concentration of 0.01%

w/v (initially optimized the nanoparticles concentration by

means of bacterial growth measured at 600 nm with

nanoparticles range 0.01–1% w/v), which was optimized

initially. LDPE powder in addition to nanoparticles was

mixed in 100 ml of minimal broth and inoculated with an

aliquot of 500 ll of active growing bacterial culture. The

bacterial culture containing medium was incubated at

37 �C in shaking incubator (150 rpm) for 5 days. Samples

were recovered at regular time period 12 h to determine the

growth of bacteria which was measured at 600 nm in terms

of optical density (Madigan et al. 2003; Sah et al. 2010;

Kapri et al. 2009).

2.5 Microbial degradation of polymer (LDPE)

under laboratory conditions

The polymer strips of 2 cm diameter were aseptically

transferred into the 250-ml Erlenmeyer flask containing

100 ml of minimal broth medium (Davis w/o dextrose,

Himedia Laboratories Pvt. Ltd., India). An aliquot of

500 ll overnight grown cultures of screened bacterial

strains was added to the medium and incubated at 30 �C in

shaking incubator (150 rpm) for 7 days. The experiment

was set with fixed concentration 0.01% (initially optimized

the nanoparticles concentration that exploited to improve

the bacterial growth used in degradation experiments) of

SiO2 nanoparticles, and subsequently, bacterial cultures

were also incubated without nanoparticles for compara-

tively studying the effect of SiO2 nanoparticles on LDPE

biodegradation. Samples were recovered at regular time

period of 24 h and scrutinized for OD at 600 nm and k-
max (Systronics 2201) (Negi et al. 2009; Kapri et al. 2009;

Usha et al. 2011; Soni et al. 2009; Pandimadevi and Begum

2013; Nwagu et al. 2012; Lone et al. 2014).

2.6 Fourier transform infrared (FT-IR)

spectroscopy

Polymer samples were incubated in liquid culture media

with bacterial strains. After incubation, broth was cen-

trifuged at 2000 rpm for the separation of bacterial cell

from polymer samples. Polymer samples in upper part of

centrifuge tube as supernatant. The residual samples of

supernatant obtained after assay were dried at 50 �C for

removal moisture content to minimize the analytical error.

Dried polymer samples were analyzed by using FT-IR

spectroscopy in the range between 400 and 4000 wave

numbers cm-1 which is used to determine the molecular

stretching, bending, wagging, and rocking. In FT-IR

spectra, different peaks were obtained which indicated C–

H rocking, C–H bending, C–N stretching, C–C l stretching,

and N–H wagging and compared with control (pure LDPE)

as reference. The IR spectra were recorded on FT-IR

spectrophotometer in KBr. The spectra were recorded on

Varian 7000 FT-IR Spectrophotometer in KBr.

2.7 Analysis of morphometric parameters

in addition to effect of in situ biodegradation

of LDPE by pot experiment

Synergistic effect of LDPE biodegradation on the growth

of Vigna mungo plants was analyzed by pot experiment to

examine the morphometric parameters and percentage

germination. Morphometric parameters were used to study

the plant growth by means of increasing shoot height, leaf

length, and root length. These parameters measure in

centimeter manually by using centimeter scale. Difference

between measurement values of test and control help to

determine the effect of treatments. The control having

sterile soil and seeds was kept along with the experiments.

Treatment 1 was maintained for LDPE effect (sterile

soil ? LDPE ? seeds), treatment 2 for effect of bacteria

(sterile soil ? microbes ? seeds), and treatment 3 for

LDPE biodegradation effect (sterile soil ? LDPE ? bac-

teria ? seeds). Treatments were supplemented with SiO2

nanoparticles at concentration 0.01%. The seed germina-

tion percentage was calculated from the each treated pots

as well as control after 10 days. Plant growth ability was

determined by measuring different morphometric parame-

ters, which included the shoot length, leaf length, and root

length. Plants were harvested from pots after 10 days

(Westlake 1983).

3 Results and discussion

3.1 Screening and characterization of polymer

(LDPE)-degrading bacteria

Following a total of ten bacterial cultures were examined

for polymer degradation. These bacterial strains were iso-

lated from waste disposal sites contaminated with synthetic

polymer (polyethylene), and growth was observed on

nutrient media. For further isolation and characterization of

polymer-degrading microorganisms, these isolates were

transferred to the polymer-containing medium. Based on
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the growth of isolated cultures in the polymer-containing

medium, out of ten, five potential strains were found to be

suitable for LDPE degradation and screened by means of

LDPE utilization as the carbon source. According to bio-

chemical tests, the isolates V8, B1 4-, C 2 5, V1, and V4

were identified as Bacillus, Paracoccus, Pseudomonas,

Pseudomonas, and Acinetobacter spp., respectively. 16S

rDNA sequences of all isolates were successfully amplified

through PCR. All the amplified bands were monomorphic

in nature and bands size was approximately (*950 bp).

Amplified PCR products were sequenced and a sequence

similarity ([97–99% DNA identity) search was carried out

on NCBI data base using BLAST utility. On the basis of

results of a similarity search, the bacterial isolates V8, B1

4-, C 2 5, V1, and V4 were identified as Bacillus sp. (ac-

cession number KT860420), Paracoccus sp. (KT860421),

Pseudomonas sp. (KT860422), Pseudomonas sp.

(KT860423), and Acinetobacter sp. (KT860424),

respectively.

Goel et al. (2008) and Balasubramanian et al. (2010)

reported positive results of polymer-degrading microor-

ganisms from waste disposal sites. Similar study was

reported by Usha et al. 2011 for isolation of polymer-de-

grading microorganisms. Previously it was reported that

the addition of ethanol, glucose, acetic acid, etc. influenced

the biodegradation rate of polymers, i.e., synthetic polymer

and natural polymer (Singh and Sharma 2008; Raut et al.

2008; Soni et al. 2009; Nanda and Sahu 2010; Gabhane

et al. 2012). Apparently, under natural environment dif-

ferent types of microorganisms exist with diverse

hydrolyzing activity for polymer degradation (Patagundi

et al. 2014; Singh and Sharma 2008; Raut et al. 2008; Soni

et al. 2009; Nanda and Sahu 2010; Gabhane et al. 2012;

Duza and Mastan 2015; Pandimadevi and Begum 2013;

Lone et al. 2014).

3.2 Comparative growth profiling in the presence

of silicon dioxide (SiO2) nanoparticles

The experiment setup in triplicate growth of microbial

cultures in the presence and absence of nanoparticles was

measured at 12-h interval. The maximum growth reached

after 48 h, as their exponential phase, shown in Fig. 1. The

presence of SiO2 nanoparticles influenced the bacterial

growth with the different rate as compared to control

sample (without nanoparticles). However, it was found that

out of five bacterial strains, the population of Bacillus sp.

strain V8 and Pseudomonas sp. strain C 2 5 increased as

compared to rest. In previous studies, researchers observed

the positive effect of nanoparticles on bacterial growth with

different frequency which also varied according to the size

and concentration of nanoparticles (Kapri et al. 2010a;

Flores et al. 2004; Pal et al. 2007; Swift 1997).

3.3 Microbial degradation of polymer (LDPE)

under laboratory conditions

The experiment setup in triplicate the comparative effect of

polymer biodegradation was examined in the presence and

absence of SiO2 nanoparticles. The presence of nanopar-

ticles accelerated the bacterial growth and increased their

population. At 48 h after the incubation with nanoparticles,

the highest k-max of LDPE was found as 217–227,

211–226, 209–224, 210–225, and 214–224 in the presence

of Bacillus sp. strain V8, Pseudomonas sp. strain C 2 5,

Pseudomonas sp. strain V1, Acinetobacter sp. strain V4,

and Paracoccus sp. strain B1 4-, respectively, while in the

absence of nanoparticles the highest k-max of LDPE was

found as 212, 212, 216, 218, and 216 with Bacillus sp.

strain V8, Pseudomonas sp. strain C 2 5, Pseudomonas sp.

strain V1, Acinetobacter sp. strain V4, and Paracoccus sp.

strain B1 4-, respectively at 48 h as shown in Fig. 2. The

value of k-max was significantly shifted, and this indicates

the positive effect of nanoparticles on polymer

biodegradation.

3.4 FT-IR analysis of biodegraded LDPE

FT-IR spectra of biodegraded LDPE samples with refer-

ence to their respective control were analyzed. Incubated

samples were recovered as residual supernatant and were

used to determine degradation. Degraded products were

examined by FT-IR analysis in addition to control. FT-IR

spectra of control sample (LDPE without bacterial treat-

ment) have shown frequencies in cm-1(KBr) equivalent to

719, 1458, 1473, and 2851, which showed the C–H rock-

ing, C–H bending, C–C stretching, and C–H stretching,

respectively. Comparative graph (peaks) between untreated

and bacteria-treated samples is shown in Fig. 3a–e. The

frequency of Bacillus sp. strain V8-treated sample at 3049

(C–H stretching) is shown in Fig. 3a. The frequency of

Pseudomonas sp. strain C 2 5-degraded sample at 3275 (O–

H stretching) is illustrated in Fig. 3b. Similarly, Pseu-

domonas sp. strain V1-incubated sample gave absorptions

corresponding to 3527.8 (O–H stretching) as shown in

Fig. 3c. Degradation with Acinetobacter sp. strain V4 also

showed the significant result in the FT-IR absorption

spectra of treated sample as compared to control. The

absorptions (cm-1) spectra of degraded polymer corre-

sponding to 2196 (C:H stretching) are illustrated in

Fig. 3d. Paracoccus sp. strain B1 4-treated sample at 3034

(C–H stretching) is shown in Fig. 3e. The FT-IR spectra

range between 2858.01 and 1460.0 for C–H stretching and

C–H bending, respectively (Ali et al. 2014; Harshvardhan

and Jha 2013; Sen and Raut 2015). Shah et al. (2008a)

found the FT-IR frequency at 2957 for the biodegraded

polyurethane samples. Satlewal et al. (2008) studied the
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comparative biodegradation of LDPE and HDPE by

microbial consortium and found the CH2 stretching at

3389.4 to 3402.1. Similarly, Kapri et al. (2010a) report FT-

IR frequency at 2927.3 and 3420.8 for nanoparticles

accelerated LDPE biodegradation. In the previously

reported literature, the FT-IR frequency ranges between

2900 and 3500 cm-1. Our results has shown FT-IR fre-

quency of biodegraded samples as 3049 with Bacillus sp.
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Fig. 1 Graphs a–e for comparative bacterial growth of Bacillus sp. strain V8, Pseudomonas sp. strain C 2 5, Pseudomonas sp. strain V1,

Acinetobacter sp. strain V4, and Paracoccus sp. strain B1 4-, respectively, in the presence and absence of SiO2 nanoparticles
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V8 treatment, 3275 with Pseudomonas sp. C 2 5 treatment,

3527.8 with Pseudomonas sp. V1 treatment, and 3034

Paracoccus sp. B1 4- treatment. These FT-IR frequencies

have shown similarity with previously reported literature.

FT-IR analysis has shown positive effects of bacterial

treatments on LDPE. Bacteria-treated samples caused the

breakage of native bonds and formation of new chemical

bonds. Considerable shifts in C-H stretching frequencies
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V1, Acinetobacter sp. strain V4, and Paracoccus sp. strain B1 4-, respectively, in the presence and absence of SiO2 nanoparticles
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were recorded in the biodegraded supernatant LDPE sam-

ples (Soni et al. 2009). Pseudomonas spp., Arthrobacter

spp., Bacillus, Micrococcus, Arthrobacter, and Co-

rynebacterium, Enterobacter, Brevibacillus, Pseudomonas,

and Rhodococcus spp. reported earlier for biodegradation

of synthetic polymer (Soni et al. 2009; Sangale et al. 2012;

Balasubramanian et al. 2010). Our results showed the

molecular conversions as supported by previous studies

(Sen and Raut 2015; Soni et al. 2009; Sangale et al. 2012;

Mahalakshmi et al. 2012; Harshvardhan and Jha 2013; Ali

et al. 2014; Shah et al. 2008a). In our findings, FT-IR

analysis confirms the chemical conversions of biodegraded

polymer as compared to control.

3.5 Analysis of germination and growth ability

The pot culture experiment was conducted to scrutinize the

degradation potential of bacterial strains that influence the

Fig. 3 Graphs a–e for bacterial treatment with Bacillus sp. strain V8, Pseudomonas sp. strain C 2 5, Pseudomonas sp. strain V1, Acinetobacter

sp. strain V4, and Paracoccus sp. strain B1 4-, respectively, in the presence of SiO2 nanoparticles and control (without bacterial treatment)
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growth of Vigna mungo plants, from the initial examination

bacterial strains Bacillus sp. V8, and Pseudomonas sp. C 2

5 were found to be potential strains for polymer degrada-

tion. These bacterial strains showed the positive effect on

Vigna mungo plants growth. The plants growth was found

normal in control experiment. Plants along with LDPE and

bacterial treatment showed enhanced plant growth by

means of shoot height and root length. Experiment sup-

plemented with SiO2 nanoparticles showed positive effects

on shoot height, leaf length, and root length. In both

experiments, i.e., LDPE with bacteria, and LDPE, bacteria

with SiO2 nanoparticles were showed effect on root length

which improved nutrients absorption and enhanced the

shoot height of treatment plants. The germination effi-

ciency and growth enhancement were found highest with

Pseudomonas sp. strain C 2 5 as shown in Table 1 and

Fig. 4. Ziad et al. (2005) and Westlake (1983) reported

crude oil degradation in addition to their morphometric

effect on the growth of Vigna mungo plants, they found the

negative effect on the germination, while Vinothini et al.

(2015) reported the synergistic effect of crude oil degra-

dation on Vigna mungo growth. We also found positive

results, and it may be due to the presence of nanoparticles

that increased surface area and supported the growth of

microbial community.

4 Conclusion

The biodegradation efficiency of polymers was influenced

by the presence of nanoparticles. The polymer biodegra-

dation experiment carried out with nanoparticles along

with Vigna mungo plants showed the synergistic effect on

plants growth and germination. Bacillus sp. strain V8 and

Pseudomonas sp. strain C 2 5 were found as the most

potential strains for polymer degradation by means of

spectroscopy, FT-IR analysis and their synergistic effect

on Vigna mungo growth and germination. Nanoparticles

act as enhancers of biodegradation ability of

microorganisms.
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4 Root length (cm) 6.2 ± 0.43 6.53 ± 0.35 2.93 ± 0.45 8.23 ± 0.40 9.96 ± 0.37

Fig. 4 In the absence and presence of SiO2 nanoparticle, the potential

polymer-degrading bacterial strains influence the growth ability of

Vigna mungo plants

Implications of SiO2 nanoparticles for in vitro biodegradation of low-density polyethylene… 425

123



correlated with the formation of degradation products in

biodegraded polyethylene. J Environ Polym Degrad 6:187–195

Ali MI, Ahmed S, Robson G, Javed I, Ali N, Atiq N, Hameed A

(2014) Isolation and molecular characterization of polyvinyl

chloride (PVC) plastic degrading fungal isolates. J Basic

Microbiol 54(1):18–27

Arutchelvi J, Sudhakar M, Arkatkar A, Doble M, Bhaduri S, Uppara

PV (2008) Biodegradation of polyethylene and polypropylene.

Indian J Biotechnol 7(1):9–22

Augusta J, Müller RJ, Widdecke H (1993) A rapid evaluation plate-

test for the biodegradability of plastics. Appl Microbiol

Biotechnol 39(4–5):673–678

Balasubramanian V, Natarajan K, Hemambika B, Ramesh N, Sumathi

CS, Kottaimuthu R, Rajesh Kannan V (2010) High-density

polyethylene (HDPE)-degrading potential bacteria from marine

ecosystem of Gulf of Mannar, India. Lett Appl Microbiol

51(2):205–211

Duza MB, Mastan SA (2015) Optimization studies on cellulase

production from Bacillus anthracis and Ochrobactrum anthropic

(YZ1) isolated from soil. Int J Appl Sci Biotechnol 3(2):272–284

Flores M, Colón N, Rivera O, Villalba N, Baez Y, Quispitupa D,

Avalos J, Perales O (2004) A study of the growth curves of C.

xerosis and E. coli bacteria in mediums containing cobalt ferrite

nanoparticles. In: Materials Research Society Symposia Pro-

ceedings, Materials Research Society 820

Gabhane J,WilliamSP, Bidyadhar R, Bhilawe P,AnandD,VaidyaAN,

Wate SR (2012) Additives aided composting of green waste:

effects on organic matter degradation, compost maturity, and

quality of the finished compost. Bioresour Technol 114:382–388

Gilan I, Hadar Y, Sivan A (2004) Colonization, biofilm formation and

biodegradation of polyethylene by a strain of Rhodococcus

ruber. Appl Microbiol Biotechnol 65:97–104

Goel R, Zaidi MGH, Soni R, Lata K, Shouche YS (2008) Implication

of Arthrobacter and Enterobacter species for polycarbonate

degradation. Int Biodeterior Biodegrad 61(2):167–172

Harshvardhan K, Jha B (2013) Biodegradation of low-density

polyethylene by marine bacteria from pelagic waters, Arabian

Sea, India. Mar Pollut Bull 77(1):100–106

Hoang KC, Tseng M, Shu WJ (2007) Degradation of polyethylene

succinate (PES) by a new thermophilic Microbispora strain.

Biodegradation 18:333–342

Kapri A, Zaidi MGH, Goel R (2009) Nanobarium titanate as

supplement to accelerate plastic waste biodegradation by

indigenous bacterial consortia. AIP Conf Proc 1147:469–474

Kapri A, Zaidi MGH, Satlewal A, Goel R (2010a) SPION-accelerated

biodegradation of low-density polyethylene by indigenous

microbial consortium. Int Biodeterior Biodegrad 64:238–244

Kapri A, Zaidi MGH, Goel R (2010b) Implications of SPION and

NBT nanoparticles upon in vitro and in situ biodegradation of

LDPE film. J Microbiol Biotechnol 20(6):1032–1041

Lone MA, Sahay S, Ravinder Deepak (2014) Testing carboxymethyl

cellulase activity secreted by Trichophyton terrestre in car-

boxymethyl cellulose solution. Am J Microbiol 5(1):18–26

Madigan MT, Martinko JM, Parker J (2003) Brock, biology of

microorganisms, 10th edn. Pearson Education, Inc, Hoboken,

pp 145–147

Mahalakshmi V, Siddiq A, Andrew SN (2012) Analysis of

polyethylene degrading potentials of microorganisms isolated

from compost soil. Int J Pharm Biol Arch 3(5):1190–1196

Manzur A, Limon-Gonzalez M, Favela-Torres E (2004) Biodegrada-

tion of physico-chemically treated LDPE by a consortium of

filamentous fungi. J Appl Polym Sci 92:265–271

Mehmood CT, Qazi IA, Baig MA, Arshad M, Quddo A (2016a)

Enhanced photodegradation of titania loaded polyethylene films

in a humid environment. Int Biodeterior Biodegrad 113:287–296

Mehmood CT, Qazi IA, Hashmi I, Bhargava Deepa S (2016b)

Biodegradation of low density polyethylene (LDPE) modified

with dye sensitized titania and starch blend using Stenotropho-

monas pavanii. Int Biodeterior Biodegrad 113:276–286

Methods Manual Soil Testing in India (2011) Department of

Agriculture & Cooperation Ministry of Agriculture, Government

of India

Nanda S, Sahu SS (2010) Biodegradability of polyethylene by

Brevibacillus, Pseudomonas and Rhodococcus spp. N Y Sci J

3(7):95–98

Neal AL (2008) What can be inferred from bacterium–nanoparticle

interactions about the potential consequences of environmental

exposure to nanoparticles? Ecotoxicology 17:362–371

Negi H, Kapri A, Zaidi MGH, Satlewal A, Goel R (2009)

Comparative in vitro biodegradation studies of epoxy and its

silicone blend by selected microbial consortia. Int Biodeterior

Biodegrad 63:553–558

Niksefat N, Jahanshahi M, Rahimpour A (2014) The effect of SiO2

nanoparticles on morphology and performance of thin film

composite membranes for forward osmosis application. Desali-

nation 343:140–146

Nwachukwu S, Obidi O, Odocha C (2010) Occurrence and recalci-

trance of polyethylene bag waste in Nigerian soils. Afr J

Biotechnol 9(37):6096–6104

Nwagu KE, Ominyi MC, Nwoba GE (2012) Isolation, screening and

measurement of amylase and cellulase activities of some

microorganisms. Cont J Biol Sci 5(1):37–41

Oloffs A, Crosse-Siestrup C, Bisson S, Rinck M, Rudolvh R, Gross

U (1994) Biocompatibility of silver-coated polyurethane

catheters and silver-coated Dacron material. Biomaterials

15:753–758

Pal S, Tak YK, Song JM (2007) Does the antibacterial activity of

silver nanoparticles depend on the shape of the nanoparticle? A

study of the gram-negative bacterium Escherichia coli. Appl

Environ Microbiol 73(6):1712–1720

Pandimadevi M, Begum IF (2013) Screening, characterization and

optimization of cellulase producing bacteria isolated from paper

sludge. Int J Sci Res 2(9):176–180

Patagundi BI, Shivasharan CT, Kaliwal BB (2014) Isolation and

characterization of cellulase producing bacteria from soil. Int J

Curr Microbiol Appl Sci 3(5):59–69

Pimentel D (1995) Environmental and economic costs of soil erosion

and conservation benefits. Science 24:1117–1122

Premraj R, Doble M (2005) Biodegradation of polymers. Indian J

Biotechnol 4:186–193

Raut MP, William SP, Bhattacharyya JK, Chakrabarti T, Devotta S

(2008) Microbial dynamics and enzyme activities during rapid

composting of municipal solid waste–a compost maturity

analysis perspective. Bioresour Technol 99(14):6512–6519

Reijnders L (2009) The release of TiO2 and SiO2 nanoparticles from

nanocomposites. Polym Degrad Stab 94:873–876

Sah A, Kapri A, Zaidi MGH, Negi H, Goel R (2010) Implications of

fullerene-60 upon in vitro LDPE biodegradation. J Microbiol

Biotechnol 20(5):908–916

Sangale MK, Shahnawaz M, Ade AB (2012) A review on biodegra-

dation of polythene: the microbial approach. J Biorem Biodeg

3(10):1–9

Santo M, Weitsman R, Sivan A (2013) The role of the copper-binding

enzyme–laccase–in the biodegradation of polyethylene by the

actinomycete Rhodococcus ruber. Int Biodeterior Biodegrad

84:204–210

Satlewal A, Soni R, Zaidi M, Shouche Y, Goel R (2008) Comparative

biodegradation of HDPE and ldpe using an indigenously

developed microbial consortium. J Microbiol Biotechnol

18(3):477–482

426 V. M. Pathak, N. Kumar

123



Sen SK, Raut S (2015) Microbial degradation of low density

polyethylene (LDPE): a review. J Environ Chem Eng

3(1):462–473

Shah AA, Hasan F, Akhter JI, Hameed A, Ahmed S (2008a)

Degradation of polyurethane by novel bacterial consortium

isolated from soil. Ann Microbiol 58(3):381–386

Shah AA, Hasan F, Hameed A, Ahmed S (2008b) Biological

degradation of plastics: a comprehensive review. Biotechnol

Adv 26(3):246–265

Shimao M (2001) Biodegradation of plastics. Curr Opin Biotechnol

12:242–247

Singh B, Sharma N (2008) Mechanistic implications of plastic

degradation. Polym Degrad Stab 93(3):561–584

Sivan A (2011) New perspectives in plastic biodegradation. Curr

Opin Biotechnol 22:422–426

Soni R, Kapri A, Zaidi MGH, Goel R (2009) Comparative biodegra-

dation studies of non-poronized and poronized LDPE using

indigenous microbial consortium. J Polym Environ

17(4):233–239

Sridevi V, Lakshmi MC, Swamy AVN, Rao MN (2011) Implemen-

tation of response surface methodology for phenol degradation

using Pseudomonas putida (NCIM 2102). J Bioremed Biodegrad

2(2):1–7

Swift G (1997) Non-medical biodegradable polymers: environmen-

tally degradable polymers. In: Handbook of biodegradable

polymers. Hardwood Academic, Amsterdam, pp 473–511

Thati V, Roy AS, Ambika Prasad MVN, Shivannavar CT, Gaddad

SM (2010) Nanostructured zinc oxide enhances the activity of

antibiotics against Staphylococcus aureus. J Biosci Tech

1(2):64–69

Tokiwa Y, Calabia BP, Ugwu CU, Aiba S (2009) Biodegradability of

plastics. Int J Mol Sci 10(9):3722–3742

Usha R, Sangeetha T, Palaniswamy M (2011) Screening of

polyethylene degrading microorganisms from garbage soil.

Libyan Agric Res Cent J Int 2(4):200–204

Vinothini C, Sudhakar S, Ravikumar R (2015) Biodegradation of

petroleum and crude oil by Pseudomonas putida and Bacillus

cereus. Int J Curr Microbiol Appl Sci 4(1):318–329

Westlake DWS (1983) Microbial activities and changes in the

chemical and physical properties of oil. In: Donaldson EC, Clark

JB (ed) Proceedings of the 1982 international conference on

microbial enhancement of oil recovery. U.S. Department of

Energy CONF-8205140: 102–111

Williams DN, Ehrman SH, Holoman TRP (2006) Evaluation of the

microbial growth response to inorganic nanoparticles.

J Nanobiotechnol 4(3):1–8

Ziad AG, Saadoun I, Shakah AA (2005) Selection of bacteria and

plant seeds for potential use in the remediation of diesel

contaminated soils. J Basic Microbiol 45(4):251–256

Implications of SiO2 nanoparticles for in vitro biodegradation of low-density polyethylene… 427

123


	Implications of SiO2 nanoparticles for in vitro biodegradation of low-density polyethylene with potential isolates of Bacillus, Pseudomonas, and their synergistic effect on Vigna mungo growth
	Abstract
	Introduction
	Materials and methods
	Materials
	Screening of polymer (LDPE)-degrading bacterial cultures
	Biochemical and molecular characterization
	Effect of silicon dioxide (SiO2) nanoparticles on bacterial growth
	Microbial degradation of polymer (LDPE) under laboratory conditions
	Fourier transform infrared (FT-IR) spectroscopy
	Analysis of morphometric parameters in addition to effect of in situ biodegradation of LDPE by pot experiment

	Results and discussion
	Screening and characterization of polymer (LDPE)-degrading bacteria
	Comparative growth profiling in the presence of silicon dioxide (SiO2) nanoparticles
	Microbial degradation of polymer (LDPE) under laboratory conditions
	FT-IR analysis of biodegraded LDPE
	Analysis of germination and growth ability

	Conclusion
	Authors’ contributions
	References




