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Abstract

Objective: To isolate Natural Rubber degrading Bacterial co-cultures from rubber plantation soil and to characterize and identify the
organisms by 16s r RNA sequencing.

Methods: Cocultures of the bacteria were isolated from the contaminated site by enrichment culture technique. Plate assay method and
liquid assay method by using Mineral Salt Medium was followed for screening of bacteria for its capacity to mineralize Natural rubber.
Degradation was confirmed by Spectrophotmetric and Fourier Transform Infra-Red (FTIR) studies.Natural rubber degraded by the cocul-
tures were studied at different concentrations and the physico-chemical analysis were optimized (pH, temperature, carbon and nitrogen
sources)

Results: Isolated organism was identified as Bacillus cohnii and Brevundimonas naejangsanensis. The co-cultures were able to utilize
the Natural rubber which was confirmed by Spectrophotometric and FTIR studies. From the current study it was evaluated that Natural
rubber was mineralized up to 50 % where optimum concentration was 10 %.

Conclusion: From current investigation, it can be concluded that our isolated bacterial cocultures Bacillus cohnii and Brevundimonas
naejangsanensis have the capacity to mineralize Natural rubber and hence such isolated cocultures can be used in removal of from waste

Natural rubber products in the environment.
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1. Introduction

Rubber products are widely used in our daily life these products
are mainly made up of Natural rubber (NR) or cis-1, 4 polyiso-
prene, Natural rubber (NR) or poly (cis-1,4-isoprene), is by quali-
tative and quantitative criteria, one of the most important biopol-
ymer. For almost a hundred years, millions of tons of NR Derived
products have been produced by humankind. In addition, NR and
other polyisoprene are produced by thousands of plant species.
(Omo-lkerodah et al., 2009).

Rubber trees are basically found in tropical and semitropical coun-
tries. Indonesia, Malaysia, Sri Lanka, South America and India
(especially Kerala, Tamilnadu and Karnataka) have abundant re-
source of natural rubber. The global rubber consumption is esti-
mated to be 12.5 million metric tons in 2013 of which 65% were
used for tire production and other 35% is used for the production
of other rubber products.

Several environmental problems are caused by the dumping or
from the effluents of the rubber industry. Wastewater discharged
from latex rubber processing usually contains high level of BOD.
Thus causing a great threat to the water bodies, the most common
methods to cope with this problem are to burn the tires in cement
kilns and power plants or to use them as artificial reefs. However
these methods further cause environmental problems. (Fatta et al.,
1999). The wastage of valuable fossil fuels and the disposal of
solid have become two major problems of rubber industry leading
to the environment pollution. Thus various physical, chemical and

biological methods have been proposed to solve this problem. But
these physical and chemical techniques cause a great threat to
environment.

One way of overcoming the environmental problems is provided
by microbial transformation of rubber into useful products. There
are some specific advantages of biotechnological processes com-
pared to chemical and physical ones. However, there are still some
obstacles, most notably the sensitivity of chemicals towards most
chemicals, including rubber additives which are used to improve
stability and function of tires over a wide temperature range.

First studies on microbial degradation of natural rubber were al-
ready done about 100 years ago. However, until now only little is
known about the molecular fundamentals and the biochemistry of
poly (cis-1, 4-isoprene) degradation. Poly (cis-1,4-isoprene) is the
main constituent (> 90% of dry weight) of natural rubber (NR), a
biopolymer synthesized by many plant species and some fungi in
varying degrees of quality and quantity (Braaz et al.,2004).

Hence the present study focuses on the mineralization of Natural
Rubber by co-cultured bacterial strains isolated from contaminated
soil of rubber plantation area. Their growth conditions were opti-
mized for maximum mineralization of Natural Rubber. The min-
eralization was confirmed by FTIR studies and SEM observations.
The co-cultured bacterial strains were biochemically characterized
and molecularly identified by 16s r RNA sequencing.
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2. Materials and methods

2.1. Sample collection

The soil sample was collected from rubber plantation area in
Wayanad under aseptic conditions in plastic covers. They were
collected from the rooting part of the rubber trees. The collected
samples were transferred to the laboratory under aseptic condi-
tions.

2.2. Acclimatization

2.3. Determination of the molecular weight of the NR-
latex solution

For the proper evaluation of the average molecular weight of the
collected NR-latex solution a capillary Ubbelohde viscometer was
used. Then according to the time taken by each of those samples
to reach their specific end point in the viscometer, the specific
viscosity was calculated for each sample. The formula used for the
calculation of the specific viscosity is given by:

Specific viscosity ng = ts- to/ to

Where, t; is the time taken by the sample and t,is the time taken by
distilled water

2.4. Calculation of the molecular weight of the natural
rubber latex used in the experiment

The method widely used in the determination of the molecular
weight is based upon the determination of the intrinsic viscosity
[n] of a polymer in the solution through measurements of the solu-
tion viscosity. Molecular weight is calculated by the Mark-
Houwink equation (Fried 2005) given as,

] = KM/

Where, My is the viscosity — average molecular weight. Both K
and o are empirical constants that are specific for a given polymer,
solvent and temperature. The molecular weight of the natural rub-
ber latex used was found to be 21379.62.

2.5. lIsolation of bacterial consortium from enriched
mineral salts medium

Using the culture broth serial dilution and pour plate technique
was performed on sterile

For acclimatization and enrichment of the strains 150ml mineral
salts medium was prepared in conical flasks having the composi-
tion: Di-potassium hydrogen phosphate (K,HPO,) - 1g/L, Magne-
sium sulphate (MgS0O,.7H,0) - 0.5g/L, Potassium nitrate (KNO3) -
1g/L. To the conical flask 2 ml of latex and 5 grams of the collect-
ed soil sample was inoculated. Then it was kept for incubation.
After the incubation the microbial growth was observed for mor-
phological identification under microscope. A viable growth was
observed under microscope. Then further sub culturing was done
at 24 hours interval. Figure 1 shows the co-cultures enriched in
Mineral Salts Medium.

White and Yellow colonies

Nutrient agar plates for the dilutions- 108, 10 and 10™°. Bacterial
strains which were

Morphologically different were identified and pure cultures of
these were maintained.

2.6. Determination of the mineralization rate of the nat-
ural rubber latex and growth pattern of the bacterial con-
sortium

The mineralization rate of natural rubber latex in the study was
determined by the titrimetric method (Warnekee et al.,2007) and
the growth pattern of the organism was observed by checking the
growth OD every 24 hrs for 5 days. Evidence for biodegradation
of the poly (cis-1, 4-isoprene) and poly (trans-1, 4-isoprene) hy-
drocarbon chains to CO, was obtained by the determination of the
respiratory CO, released during the cultivation of the cells in the
presence of isoprene as sole carbon source. Determination was
carried out in a tightly closed glass bottles by using the property
Ba (OH) , to precipitate CO, into BaCO3. The mineral salts medi-
um was sterilized and dispensed in bottles. Further latex and co-
cultured bacterial strains were added in equal concentration was
inoculated. This was connected using pipes to another bottle con-
taining 15ml of 0.2M Barium hydroxide solution.The experi-
mental set-up for the mineralization study is shown in the Figure
2. Quantitative estimation of BaCO; was done by titrating it
against 1N HCI. (Warnekeeet al., 2007).

Mineralization was calculated using the following formula:
Mineralization (%CO,) = required amount of HCI (ml) x 1/ C
content of amount of poly (1, 4- isoprene) applied (mmol) x 2.

As an indicator, phenolphthalein was added and the end point was
determined by alteration of the colour from pink to colourless.
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Fig. 2: Experimental set-up for Mineralization of Latex.

2.7. Mineralization of different concentrations of latex

To study the mineralization of different concentration of NR latex
(10%, 20%, 30%, 40%, & 50%) the bacterial co-culture was inoc-
ulated in each of these. Then the bottles were connected to the Ba
(OH) , using plastic pipes and these were properly sealed. The set
up was incubated in room temperature. Mineralization was studied
and quantitative estimation of BaCO; was done by titrating it
against 1IN HCI (Warnekeeet al., 2007) every 24 hrs for 5 days.

2.8. Optimization of growth in different pH and tem-
perature

In the optimum concentration of latex, optimization studies were
performed by varying the pH and temperature. Media was pre-
pared in different pH ranging from 8 to 10 (8, 8.5, 9, 9.5, and 10)
and different temperatures (28°c, 37°c, 45°). Mineralization was
studied and quantitative estimation of BaCOzwas done by titrating
it against 1N HCI (Warnekeeet al., 2007) every 24hrs for 5 days.

2.9. Optimization studies by varying the carbon and
nitrogen sources

In the optimum concentration of NR and optimum pH and Tem-
perature, studies were performed by using different carbon and
nitrogen sources. 0.1% of different carbon (sucrose, galactose,
xylose, maltose) and nitrogen (peptone, ammonium nitrate, yeast
extract, tween) sources were used. Mineralization was studied and
quantitative estimation of BaCO; was done by titrating it against
1N HCI (Warnekeeet al., 2007) every 24hrs for 5 days.

2.10. To study the products produced by mineralization
of (poly-1, 4-cis-isoprene)

Chemical changes that arose directly on the natural rubber surface
as a result of the mineralization were determined using FTIR
Spectroscopy. It was performed in Perkin Elmer

Spectrum from 1T Chennai. The samples were studied in a trans-
mittance spectra of IR range 4000 to 400nm (Roy et al., 2005).

2.11. Biochemical characterization

The bacterial strain isolated was studied for Morphological and
Biochemical characteristics. Initially, Gram staining and motility
test were performed after which biochemical characterization was
done (with Himedia, India) to identify the phenotypic characters
of the Bacterial strains. Catalase, Oxidase, Urease, IMViC and
Triple Sugar Iron Agar Tests were performed to determine the
Biochemical characteristics of the isolate. After 24 h incubation at
37°C, the colour change observed was determined as posi-

tive/negative result. Genus level identification of the unknown
bacterial strain was accomplished by using Bergey’s Manual of
Systematic Bacteriology (2005)

2.12. Molecular characterization of individual isolates

Chromosomal DNA was isolated from the pure strain by the
standard phenol/chloroform extraction method. The 1.2 kilo base
partial sequence of the 16S r RNA gene was amplified from the
chromosomal DNA using polymerase chain reaction (PCR) with
universal Eubacteria-specific primers 16F27 (5’-CCA GAG TTT
GAT CMT GGC TCA G-3”) and 16R1525XP (5’-TTCTGCAGT
CTA GAA GGA GGT GWT CCA GCC-3"). The PCR conditions
used were an initial denaturation at 94°C for two minutes, fol-
lowed by 35 cycles of denaturation at 95°C for one minute, an-
nealing at 55°C for one minute, and extension at 72°C for one
minute, and a final extension at 72°C for 10 minutes and se-
quenced on an ABI310 automated DNA sequencer using the Big
Dye terminator kit (Applied Biosystems 3730 x DNA Analyzer).
The amplified 16S r RNA gene PCR products from these isolates
were directly sequenced after purification by precipitation with
polyethylene glycol and NaCl. The primers used to obtain the
complete sequence of 16S r RNA gene of the isolates were the
same as for PCR amplification (16F27N and 16R1525XP).
Sequence data analysis was done using ChromasPro and Sequenc-
ing Analysis software. Further, phylogenetic tree was constructed
using MEGAG. The evolutionary history was inferred using the
Neighbour-Joining method.The optimal tree with the sum of
branch length = 0.04720271 is shown. The tree is drawn to scale,
with branch lengths (next to the branches) in the same units as
those of the evolutionary distances used to infer the phylogenetic
tree. The evolutionary distances were computed using the Maxi-
mum Composite Likelihood method and are in the units of the
number of base substitutions per site. The analysis involved 14
nucleotide sequences. Codon positions included were
1st+2nd+3rd+Noncoding. All positions containing gaps and miss-
ing data were eliminated. There were a total of 694 positions in
the final dataset. Evolutionary analyses were conducted using
MEGAG.

3. Results

3.1. Growth pattern and mineralization of natural rub-
ber latex by the bacterial consortium

At the beginning we undertook several unsuccessful attempts to
enrich NR-degrading bacteria from various soil samples. We then
used contaminated soil samples taken from the neighborhood of
NR-producing plants, expecting that in decaying plant material
NR-degrading bacteria would naturally be enriched. Figure 3
shows the growth and mineralization of latex by the isolated co-
cultured bacterial strains. At the end of the experiment it was not-
ed that the co-cultured bacterial strains showed maximum growth
on the 3" Day and mineralization of (3.2x107°) on the 4™ Day.
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Fig. 3: Growth and Mineralization of Natural Rubber Latex

3.1.1. Mineralization of different concentrations of natural
rubber latex

To study the mineralization and growth of the co-cultured bacteri-
al strains on different concentration of latex (10%, 20%, 30%,
40% and 50%) isolated bacterial strains were cultured in Mineral
Salts Medium containing different concentrations of latex. Figure
4 shows the growth and mineralization of different concentration
of latex by the co-cultured strains. At the end of the experiment it
was noted that the co-cultured bacterial strains showed maximum
growth on the 3" Day and mineralization of (3.6 x 10°) on the 4"
Day

w

R
-: 2.5 —e—Day 0
g —e—Day 1
o 2
S —&—Day 2
§ 1S ——Day 3
é 1 i —&—Day 4
g —e—Day 5
s 05 |J
. J/.N.—.—.—.
0 20 40 60
Concentration of latex(%)
0.025
0.02
é —&—Day 0
3 0.015
v —e—Day 1
§ —&—Day 2
z 0.01
» —&—Day 3
—&—Day 4
0.005
—&—Day §
0@
0 20 40 60

Concentration of latex(%)

Fig. 4: Growth and Mineralization of Different Concentrations of Natural
Rubber Latex.

3.1.2. Optimization studies by varying the PH

To study the growth of the co-cultured bacterial strains on differ-
ent pH (8, 8.5, 9, 9.5 and 10) the isolated co-cultured strains were
inoculated in Mineral Salts Medium with optimum concentration
of 10% latex solution and different pH. Figure 5 shows the growth

and mineralization in different pH by the co-cultured bacterial
strains. At the end of the experiment it was noted that the co-
cultured Bacterial strains showed efficient growth and mineraliza-
tion in the pH 9. Maximum growth on 2™ Day and mineralization
of (6.48 x 10°%) on the 3" Day indicated that the co-cultured bacte-
rial strains were efficient in mineralization in alkaline condition.
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Fig. 5: Growth and Mineralization of Natural Rubber Latex in Different

3.1.3. Optimization studies by varying the temperature

To study the growth of the co-cultured bacterial strains on differ-
ent temperature (28°C, 37°C, 45°C) the isolated co-cultured strains
were inoculated in Mineral Salts Medium with 10% latex solution
and different temperature. Figure 6 shows the growth and mineral-
ization in different temperatures by the co-cultured bacterial
strains. At the end of the experiment it was noted that the co-
cultured Bacterial strains showed efficient growth and mineraliza-
tion at 37°C. Maximum growth on 2™ Day and mineralization of
(6.48 x 10%) on the 3" Day.
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Fig. 6: Growth and Mineralization of Natural Rubber Latex at Different
Temperatures.

3.1.4. Optimization studies by varying carbon and nitrogen

To enhance the growth and mineralization of the co-cultured bac-
terial strains different carbon (sucrose, galactose, xylose, and
maltose) and nitrogen (peptone, ammonium nitrate, yeast extract,
tween) sources. The isolated co-cultured strains were inoculated in
Mineral Salts Medium with optimum 10% latex solution and dif-
ferent carbon and nitrogen sources. Figure 7 and 8 shows the
growth and mineralization in different carbon sources by the co-
cultured bacterial strains. At the end of the experiment it was not-
ed that the co-cultured Bacterial strains showed efficient growth
and mineralization in the presence of Sucrose. Maximum growth
on 2" Day and mineralization of (5.4 x 10%) on the 3" Day
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Fig. 7: Growth and Mineralization of Natural Rubber Latex in Different
Carbon Sources (S-Sucrose, G-Glucose, X-Xylose, M-Maltose).
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Fig. 8: Growth and Mineralization of Natural Rubber Latex in Different
Nitrogen Sources (P-Peptone, A-Ammonium Nitrate, Y-Yeast Extract, T-
Tween 20.

3.1.5. To study the products obtained from mineralization of
polyisoprene

Natural rubber was utilized by the bacterial co-cultures were stud-
ied for degradation products with FTIR analysis. Figure 9 shows
the FTIR spectrum of Natural Rubber on Day 5 (A) and Day 30
(B). Peaks were observed for 1% and 5™ Day at the wave length
between 1646 cm™ and 1651cm™ respectively having H-C=0. C—
H stretch and C=0 stretch which indicates the presence of alde-
hydes and ketones, as a result of natural rubber mineralization in
the mineralized sample. Presence of these aldehyde and ketone
group confirms natural rubber degradation. (Nayanashreeet al.,
2014).
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Fig. 9: Confirmation of Natural Rubber Degradation by FTIR
3.2. Biochemical tests for the two bacterial strains

Biochemical characterization of the strains was performed using
several tests for the identification of the strains. It was observed
that strain (MY) showed positive results for Indole tests as it
showed the presence of a red ring at the junction of the test tube
when Kovac’s Reagent was added to the bacterial culture in the
Indole Medium. A negative result was recorded for Methyl Red
test as there was no red color change on addition of Baritt’s Rea-
gent to the inoculated bacterial culture. Absence of pink color on
addition of Baritt’s Reagent to the same inoculated bacterial cul-
ture confirmed the negativity of Voges- Proskauer test. The results
forthe Urease test was also recorded as positive since there was
color change recorded in the inoculated culture slants. A negative
result was recorded for Citrate test with the no color change of the
bacterial slant inoculated in the citrate agar from green to Prussian
blue. An alkaline butt and alkaline slant was observed as a result
of Triple Sugar Agar test.

On performing the biochemical tests for both the strains, it was
observed that strain (MW) showed positive results for Indole tests
as it showed the presence of a red ring at the junction of the test
tube when Kovac’s Reagent was added to the bacterial culture in
the Indole Medium. A negative result was recorded for Methyl
Red test as there was no red color change on addition of Baritt’s
Reagent to the inoculated bacterial culture. Absence of pink color
on addition of Baritt’s Reagent to the same inoculated bacterial
Lane 3

Lane 1 Lane 2

Fig. 10: Lane 5 = Genomic DNA of MY, Lane 6 = Genomic DNA of MW

culture confirmed the negativity of Voges- Proskauer test. The
results for the Urease test were also recorded as positive since
there was color change recorded in the inoculated culture slants. A
positive results was recorded for Citrate test with the change in
color of the bacterial slant inoculated in the citrate agar from green
to Prussian blue. An Acidic butt and Acidic Slant were observed
as a result of Triple Sugar Agar test.

3.3. Genomic DNA extraction and PCR amplification

The genomic DNA was isolated from each bacterial isolates, PCR
amplification was performed and the unknown bacterial strains
were identified through 16S r RNA sequencing. The bacterial
isolates were identified from the sequences using BLAST tool.
Genomic DNA and PCR amplified products of the bacterial iso-
lates are shown in Figure 10.

3.4. Identification of the bacterial strains present in the
co-culture bacterial strains by phylogenetic analysis

3.4.1. Description of Bacillus cohnii

Phylogenetic analysis based on nucleotide sequences from MY
strain showed a maximum of 96% identity towards Bacillus cohnii
strain NBRC 15565. Hence, MY was identified as Bacillus cohnii.
The strain belongs to the phyla Firmicutes, is a motile gram posi-
tive rod shaped bacteria that are naturally found in soil. According
to biochemical tests, this strain showed positive result for Methyl
red, Voges-proskauer, Citrate and Triple sugar agar test and nega-
tive indole. Figure 11 shows the neighbouring species for MY.

3.4.2. Description of Brevundimonas naejangsanensis

Phylogenetic analysis based on nucleotide sequences from the
MW strain showed a maximum of 96% identity towards Bre-
vundimonas naejangsanensis strain BIO-TAS2-2. Hence, MW
was identified as Brevundimonas naejangsanensis. The strain
belongs to the phyla Firmicutes, is a motile gram positive rod
shaped bacteria that are naturally found in soil. According to bio-
chemical tests, this strain showed positive result for Methyl red,
Voges-proskauer, Citrate and Triple sugar agar test and negative
indole. Figure 12 shows the neighbouring species for MW.

Lane 4 Lane 5 Lane 6
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54 Bacillus circulans strain ATCC 4513 16S ribosomal RMA gene partial sequence.
34| I Bacillus flexus strain NBRC 15715 165 ribosomal RMA gene partial sequence.

13

93 {1 Bacillus cohnii strain DSM 6307 16S ribosomal RNA gene partial sequence.
Bacillus cohnii strain NBRC 15565 165 RNA gene partial sequence

Bacillus flexus strain IFO15715 165 ribosomal RNA gene partial sequence.

Bacillus halmapalus strain DSM 8723 16S ribosomal RNA gene partial sequence.

Bacillus circulans strain NBRC 13626 165 ribosomal RNA gene partial sequence.

Bacillus sechaeanensis strain BH724 16S ribosomal RNA gene partial sequence.

Bacillus zhanjiangensis strain JSM 099021 16S ribosomal RNA gene partial sequence.

Bacillus kribbensis strain BT080 165 ribosomal RNA gene partial sequence.

Bacillus horikoshii strain DSM 8719 165 ribosomal RNA gene complete sequence.

Bacillus horikoshii strain DSM 8719 16S ribosomal RNA gene complete sequence.(2)

* 42

—
05

ABS115 6 NR C01.ab1

Fig. 11: Bootstrapped Phylogenetic Analysis of Bacillus cohinii Strain with Its Nearby Sequences

_|: Brevundimenas intermedia strain ATCC 15262 1635 ribosomal RNA gene partial sequence
Brevundimonas mediteranea strain V4 B0 10 165 nbosomal RINA gene partial sequence
_|: Brevundimenas vesaculans strain NERC 12165 165 nbosomal RNA gene partial sequence

Brevundimonas vesaculans strain Busing 165 nbosomal RNA gene partial sequence

— L Brevundimonas poindexterae strain FWCAD 165 nbosomal RMA gens parial sequence

—t ——————————Frevundimoma ; meanranenss shram B-T42-2 06 ribozomal EV) sene partal soqeence

Brevundimonas diminuta strain JCM 2783 165 ribosomal RNA gene partial sequence

— Brevundimonas diminuta strain NBRC 12697 165 nbosomal RMA gene partial sequence

Brevundimenas diminuta strain LMG 2089 163 nbosomal RNA gene partial sequence
ABS15_T MR

Brevundimonas vesculans strain LA 12105 165 nkosomal RNA gene complete sequence
{ Brevundimenas diminuta strain ATCC 11563 165 nbosomal RNA gene complete sequence
Streptormyces bongisporoflaws stram NRRL ISP-5165 165 nbosomal RNA gene partial sequence

— Brevundimonas olei strain MU15 165 ribosomal RINA gene partial sequence

L Brewundimonas nasdas strain W1-28 163 ibosomal RHA gene partid sequence
Fig. 12: Phylogenetic Analysis of Brevundimonas naejangsanensis Strain with Its Nearby Sequence

4. Discussion

Rubber products are widely used in our daily life these products
are mainly made up of Natural rubber (NR) which is obtained
from the latex of tree Hevea brasiliensis commonly called Rubber
tree. After usage of these natural rubber products the disposal of
these products are the world wide solid waste problem. One of the
solutions to reduce this problem is to recycle the used waste rub-
ber. But due to the chemical cross linking formed during vulcani-
zation it is not possible to simply melt and reshape the products as
in case of polythene. So other alternatives such as microbial deg-
radation of the product should be developed. Microbial degrada-
tion is mainly carried out by various microorganisms such as bac-
teria and fungi.

Berekaa et al., (2000) conducted similar work and tested the bio-
degrading ability of different bacteria belonging to the genera
Gordonia (strains Kb2, Kd2 and VH2), Mycobacterium, Mi-
cromonospora and Pseudomonas sp. All strains were able to used
NR as well as NR latex gloves as sole carbon source. Roy et al.
(2005) made an attempt to study on natural rubber biodegradation
through solid-state fermentation (SSF) and sub-merged fermenta-
tion (SMF) has been carried out for both bacterial as well as fun-
gal species. There was a change in the organic car bon content
along with the average molecular weight of the treated rubber
samples indicated rubber hydrocarbon utilization and its degrada-
tion. In the present study an attempt was made to isolate rubber
degrading microorganisms from the soil isolated from rubber plan-
tation area.

Nayanshree et al., (2014) isolated bacterial strain Bacillus pumilus
have the capacity to degrade Natural rubber by 29.3% and it can
be useful in solving the problem caused by waste Natural rubber
products in the environment. In the present study two bacterial
strains were isolated and were identified as Bacillus cohnii and
Brevundimonas naejangsanensis which were able to mineralize
natural rubber upto 3.6x10”° on the 4" Day.

Nayanshree et al., (2013) worked with some more microorganisms
that can mineralize natural rubber such as Aspergillus sp and Pen-
icillium sp. In the time interval of 2 months Aspergillus niger
showed 28.3% degradation and Penicillium showed 25.9% degra-
dation. They have also worked with enzymes such as Laccase and
Manganese that were responsible for the degradation of the poly-
mer. In the present study it was observed that the co-cultured bac-
terial strains were able to mineralize natural rubber latex up to a
concentration of 50%, in which optimum mineralization was ob-
served at 10% concentration within 5 days of incubation.

In another study, rubber- degrading bacterial isolate was enriched
from soil sample and according to biochemical and molecular
characterisation analysis; it was identified as Achromobacter sp.
NRB. The obtained strain was able to degrade and mineralize raw
natural rubber granules as well as some forms of tire rubber and to
use it as a sole source for carbon. But in contrast to the growth in
common media where carbon source is dissolved, the growth of
microorganisms on natural rubber products is very slow and the
effect of culture conditions upon microbial growth on the insolu-
ble solid substrate like rubber has not been well characterized
(Berekkaa et al., 2005).
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In the present study, rubber- degrading bacterial co-culture was
enriched by different carbon sources (Sucrose, Galactose, Xylose,
and Maltose) and nitrogen (Peptone, Ammonium Nitrate, Yeast
Extract, Tween) sources. From the experiments it was observed
that yeast extract served as a better nitrogen source that enhanced
the mineralisation of latex at its maximum by the bacterial co-
culture. Likewise, sucrose was found to be the best carbon source
that could enhance the mineralisation percentage of natural rubber.
Addition of yeast extract as the nitrogen source and sucrose as the
carbon source in the mineral salts medium enhanced the minerali-
zation of natural rubber where the mineralization reduced by one
day.

Nayanshree et al., (2014) analysed the degradation of natural rub-
ber was studied by carrying out growth experiment in MSM, and
degradation was confirmed by staining with Schiff’s reagent,
SEM, and FTIR studies. Peaks which were observed at 1662.34
cm? having H-C=0, C-H stretch and C-O stretch which indicates
the presence of aldehydes and ketones which confirms the degra-
dation of rubber. In the present study peaks were observed at 1646
cm® and 1651 cm having H-C=0, C-H stretch and C-O stretch
which indicates the presence of aldehydes and ketones which con-
firms the degradation of rubber.

AbdeilL Atif Heshama et al., (2015) has also conducted a similar
study. In their study the degrading ability of Ficuselastica rubber
latex by a bacterium strain ASUO3, isolated from Egyptian soil
was assessed. The strain was able to produce clear zone around its
colony on latex rubber containing medium and was identified by
conventional methods as Streptomyces sp. Phylogenetic analysis
of 16S r RNA (16S r RNA) was also performed. The degradation
of Ficuselastica rubber latex was determined by measuring the
increase in protein content of bacterium (mg/g dry wt), reduction
in molecular weight (g/mol) and inherent viscosity (dL/g) of the
latex. Moreover the degradation was also confirmed by formation
of aldehyde or keto group by Schiff’s reagent and by observing
the growth of the Streptomyces strain using scanning electron
microscopy.

5. Conclusion

Rubber products are widely used in our daily life. These products
are made up of natural vulcanized rubber and other chemical addi-
tives. Due to vulcanization of the natural rubber these rubber are
very resistant to high temperature and persist in environment for
very long time. Rubber materials have been increasingly used now
days in different area after usage its disposal is a very big solid
waste problem. It cannot be easily recycled due to the sulphur
cross linking formed during vulcanization. If they are burnt they
release enormous amount of carbon-di-oxide and some other gases
which cause environmental pollution and contribute to the global
warming. Rubber products such as balloon which are disposed in
the natural environment are considered to be dangerous to wild
animals if they are consumed by animals. One of the alternative
ways to solve these problems is to subject these products to bio-
degradation. During the present study the isolated strains Bacillus
cohnii and Brevundimonas naejangsanensis were found to miner-
alize both natural and artificial rubber. The isolated co-cultures
were also applied for the degradation of plastics and bioplastics.
Thus these strains can be used as an eco-friendly method for the
degradation of these polymers. Future prospects of this study
could be application of these strains in the contaminated soil con-
taining rubber and plastic wastes.
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