
 

 

 

Abstract—Mixed cultures of rubber degrading bacteria were 

isolated from soils of rubber factories in Songkhla province, 

Thailand. Mixed culture B could utilize latex as the sole carbon 

source on agar plate and over 30 days, a maximum of 7.38 % and 

7.78 % weight loss was obtained respectively utilizing rubber gloves 

and polyurethane foam made from natural rubber. The FT-IR results 

confirmed the reduction that associated with double bonds in cis-1,4-

polyisoprene, CH2 and CH3 in aliphatic compounds. The formation of 

aldehyde groups increased as an intermediate during rubber 

biodegradation. Moreover, the urethane bond in polyurethane foam 

also was broken down by microbial enzymes. The Mixed culture B 

was then identified to Gram positive bacterium (B1) and Gram 

negative bacteria (B2 and B3). All the results in this study have been 

promising an alternative choice to eliminate the solid waste of rubber 

synthetic materials. 
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I. INTRODUCTION 

Natural rubber in latex form is a biopolymer consisting of 

isoprene units in cis-configuration. The cis-polyisoprene has 

been found in over 2,000 species of higher plants and fungi 

[1]. “Hevea brasilliensis” is a typical example of natural 

rubber producing plants which produce cis-1,4-polyisoprene. 

Rubber has high elasticity then it was used globally as a raw 

material for many rubber products such as belts, gaskets, 

matting, flooring, gloves, rubber bands, erasers, tires, etc [2]. 

The total rubber world consumption is estimated to be 26.8 

million metric tons including 12.3 tons of natural rubber 

products and 14.5 million tons of synthetic rubber in 2015.  

All rubber products have become a huge problem with solid 

wastes accumulating in the environment causing severe 

pollution because of improper recycling management. 

Biodegradation of polymeric materials has been studied and 

this is proven to be eco-friendly because of its non-toxic end 

products such as CO2, H2O [3].  
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There are many reports of rubber degradation by various 

microorganisms e.g. bacteria, fungi and actinomycetes. The 

carbon atoms in cis-1,4-polyisoprene backbone can be utilized 

as the sole carbon and energy source for these microorganisms 

[4], [5]. 

In the environment, many kinds of microorganisms are 

associated in the form of consortia. Previous studies have 

shown that the microbial consortia are able to degrade the 

polymeric compounds and utilize different intermediates 

during each step of the degradation process [6], [7]. However, 

all strains of microorganisms in consortia cannot be cultured 

on medium. This is a limitation of using consortia as an 

inoculum for biodegrading solid waste disposals.  

Thus, this study aims to isolate a culturable mixed culture to 

use as an effective inoculum to degrade the rubber materials 

including rubber gloves and polyurethane foam made from 

natural rubber. 

II.   MATERIALS AND METHODS 

A. Materials 

Soil samples were collected from rubber factories in 

Songkhla, Thailand. Rubber gloves were purchased from Sri 

Trang Agro-Industry Public Company Limited, Songkhla, 

Thailand and polyurethane foam (PU foam) obtained from 

Department of Materials Science and Technology, Prince of 

Songkla University, Hatyai, Thailand. Luria-Bertani agar (LB 

agar), Plate count agar (PCA) was purchased from Sigma-

Aldrich. Mineral salts medium (MSM) containing as followed:  

Na2HPO4 9 g/L, KH2PO4 1.5 g/L, NH4NO3 1 g/L, MgSO4. 

7H2O 0.2 g/L, CaCl2.2H2O 0.02 g/L, Fe(III)[NH4] citrate 

0.0012 g/L supplemented with natural rubber latex 0.6% (v/v) 

[8].  

B. Screening of Rubber Degrading Bacteria 

Twenty five grams of soil sample were incubated in 225 mL 

of MSM broth supplemented with 0.6% (v/v) natural rubber 

latex (NRL) at 30 °C, 150 rpm for 30 days. 25 mL of culture 

broth was then transferred to a new sterile flask containing 

fresh MSM+NRL, and after shaking incubated for 15 days in 

the same conditions as described before. After 15 days, the 

culture was enriched again. Culture broth was then diluted in 

0.85% NaCl solution and spread on PCA and MSM+NRL 

plates according to standard method [9]. Different colonies on 

MSM+NRL plates were picked and re-streaked for single 
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colonies, and 3 different colonies were grouped randomly as 

mixed cultures.  

C. Biodegradation of Rubber Materials by Mixed Cultures 

Each mixed culture containing equal amounts of each 

isolate was used as an inoculum (10% v/v) in a shake flask 

containing MSM and 0.1% (w/v) polymer samples (rubber 

glove, PU foam). All tested flasks were incubated at 30 °C, 

150 rpm for 30 days.  

D. Weight Loss of Polymer Materials 

After 30 days of incubation, polymer samples were filtrated 

by Whatman No.1 filter paper. The dry weight of polymers 

was determined and the percentage weight loss was calculated 

according to the following equation.  

 

100 
(g) weight original

(g) weight remaining - (g) weight original
= loss weight % 

 

E. Viable Cells Count 

The culture media after incubation with the different 

polymers were diluted and spread on PCA plates. Numbers of 

colonies were counted and were recorded as CFU/mL. 

F. Determination of Rubber Degradation by FT-IR Analysis 

The pieces of rubber glove and PU foam in treated and 

untreated shake flasks after 30 days of incubation with the 

mixed culture were taken for FT-IR analysis. The sample 

pieces were washed with distilled water 2-3 times and dried 

before analysis. The transmittance spectra were detected in the 

IR range from 4000 to 400 nm by ATR-FTIR spectrometer, 

Bruker Tensor 27. 

III. RESULTS AND DISCUSSION 

A. Screening of Rubber Degrading Bacteria and Mixed 

Cultures 

The soil samples provided 9 isolates of rubber degrading 

bacteria on MSM+NRL plates. Three different isolates were 

picked and grouped to use as the mixed cultures A, B and C. 

The visual observation of polymers in untreated and those 

treated with those mixed cultures is presented in Fig. 1. For 

the rubber glove pieces the color surface changes in the treated 

samples were clearly observed due to microbial pigment 

production see Fig. 1 (a-c) whereas, PU foam’s surface 

showed only slightly changes see Fig. 1 (e-g) when compared 

with control pieces Fig. 1 (d and h). The physical changes, for 

example, color and shape could be explained in term of 

microbial colonization and degradation. The steps of 

biodegradation of any polymer usually start with the microbial 

attachment on the surface. Then, the microorganisms release 

some involved degrading enzymes and the long polymer 

chains can be degraded into shorter chains, dimers and 

monomers. After that, those intermediates are then absorbed 

into cells and are utilized as carbon and energy sources. The 

end products from mineralization are CO2, H2O and CH4 [3]. 

B. Weight Loss of Polymer Measurement 

The results of weight loss after incubation with the mixed 

cultures for 30 days are shown in TABLE I. The Mixed 

culture B could effectively reduce the weight of both rubber 

glove and PU foam revealing about 7.38% and 7.78% weight 

loss, respectively, whereas the Mixed culture A could degrade 

only rubber glove. Rubber glove treated with the Mixed 

culture A showed about 17.06 % of weight loss. This culture 

gave the highest percentage of rubber glove weight loss. In 

contrast, the Mixed cultures B and C could degrade both of the 

rubber substrates. In this study, we aim to isolate a group of 

mixed culture which is able to degrade various types of rubber 

materials, therefore the Mixed culture B was considered as the 

most appropriate representative for using in the next 

experiments. The basic Gram staining indicated that the Mixed 

culture B contained a Gram positive rod, non-spore forming 

(isolate B1), a Gram negative rod (isolate B2), and a Gram 

negative short rod (isolate B3). 

 
TABLE I 

THE PERCENTAGES OF WEIGHT LOSS OF RUBBER GLOVE AND PU FOAM AFTER 

TREATED WITH THREE MIXED CULTURES AT 30 °C, 150 RPM FOR 30 DAYS 

Mixed  

culture 
% Weight loss of polymer 

Rubber glove PU foam 

A 17.06 0.00 

B 7.38 7.78 

C 8.29 2.02 

C. Viable Cells Count 

 The viable cells count is presented in TABLE II. The 

initial microbial population was 1.5  10
7
 CFU/mL. After 30 

days of incubation, the numbers of viable cells of each isolate 

decreased significantly. These results could be explained in 

that bacteria were able to attach on the material’s surface, so 

that the available cells in culture broth then decreased. 

Because for a long period of incubation in a closed system 

some intermediates during biodegradation were released into 

the culture broth, this may have caused undesirable conditions 

for bacterial growth. The cell viability is also dependent on the 

ability of each isolate to utilize specific materials as a carbon 

and energy source as seen in all tested PU foam flasks thus the 

survival of cells was very low. Reference [10] explains about 

additives addition, chemical structure and how the material 

surface are all important factors to reducing the effects of 

biodegradation. 

D. Determination of Structural Changes Using FT-IR 

Analysis 

FT-IR analysis was used to determine the change of 

functional groups of polymer structures. The new formation 

peaks or disappeared peaks were detected. These changes in 
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Fig. 1 Visual observation of rubber glove (a-d) and PU foam (e-h) treated with the Mixed culture A (a, e), the Mixed culture B (b, f),             the 

Mixed culture C (c, g) and abiotic control (d, h) at     C,     rpm for    days of incubation  

 

structure are a useful method to confirm the biodegradability 

of materials. The results of FT-IR spectra showed the changes 

of rubber glove structure after being incubated with the Mixed 

culture B in Fig. 2. The wavenumber in the range of 1660    

cm
-1 

indicated the stronger formation of aldehyde groups in 

treated sample than in the control [11]. This range also 

overlapped the wavenumbers at 1652 and 1543 cm
-1

 which 

were identified as the protein regions with amide I and II 

according to microbial cell components on material’s surface 

because of microbial attachment [12]. Moreover, the new 

unidentified peak in the range of 1000-1050 cm
-1

 was found 

after treated with the Mixed culture B. A broadening signal of 

the range at 1300-1500 cm
-1

 of treated sample was lower than 

that of the control which was identified as δ(CHx) deformation 

vibrations and the decrease of CH2 and CH3 in aliphatic 

compounds considerably [13]. In addition, a peak at 835 cm
-1

 

referring to double bonds in cis-1,4-polyisoprene has slightly 

changed. The mechanism involved in the rubber 

biodegradation may be the oxidative cleavage, which is 

indicated as the reduction of double bond character and the 

presence of aldehyde groups and the formation of acids as 

intermediates [14]. In Gram positive and Gram negative 

bacteria, they are able to utilize different key enzymes of 

oxygenases in rubber degradation but can also release similar 

intermediates during biodegradation containing aldehyde and 

keto groups [13]. 

In addition, the degradation of the treated and untreated PU 

foams was analyzed by FT-IR. In the treated sample, IR 

spectra mostly overlapped with the IR spectra of control, but 

at the wavenumber of urethane bond (R-COONH-R’), there 

was a sight decreased at the wavenumbers 1720 and 1660 cm
-1

 

referring to ester carbonyl group (C=O) and urethane (NH) in 

Fig. 3 [15]. The urethane bond in polyurethane foam may be 

broken down due to the microbial enzymes, whereas the 

selected microorganisms could not degrade the rubber 

structure which is used as a raw material in PU foam 

production. Several previous studies have been reported that 

the polyurethanases which are a group of hydrolases playing 

an important role in cleaving the ester or peptide bonds in PU 

structure [13] but the PU foam may have some limitations 

about its chemical structure and surface characteristic which 

may affect the capacity of microorganisms to biodegrade. 
 

TABLE II 

 NUMBERS OF VIABLE CELLS COUNT OF EACH MIXED CULTURE (CFU/ML) 

AFTER 30 DAYS OF INCUBATION WITH RUBBER GLOVE AND PU FOAM  

AT 30 °C, 150 RPM 

 

Mixed  

culture 
Isolates 

Viable cells (CFU/mL) 

Rubber Glove PU foam 

A 

A1 

A2 

A3 

2.6 x 106 

1.5 x 106 

1.0 x 104 

2.8 x 104 

8.0 x 104 

1.0 x 104 

B 

B1 

B2 

B3 

1.7 x 105 

2.8 x 107 

2.5 x 108 

1.0 x 105 

9.0 x 104 

1.5 x 106 

C 

C1 

C2 

C3 

1.0 x 103 

6.0 x 108 

1.6 x 102 

1.1 x 102 

2.5 x 108 

1.0 x 102 

IV. CONCLUSIONS 

The objective of this study was to isolate a culturable mixed 

culture from soils in rubber factories in Songkhla province, 

Thailand capable of degrading two different kinds of synthetic 

rubber materials namely rubber gloves and PU foam. Nine 

selected isolates were grouped as the three mixed cultures and 

then tested for rubber biodegradability in liquid medium for 30 

days. Weight loss was measured to identify the mixed culture 

which had the capacity to maximize the weight loss of both 

rubber materials. The Mixed culture B containing isolate B1 

(Gram positive rod non-spore forming), B2 (Gram negative 

rod) and B3 (Gram negative short rod) gave between 7 and 8% 

weight loss for both the rubber gloves and the PU foam. 
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Fig. 2 FT-IR spectra of untreated and treated rubber gloves with the Mixed culture B at 30 °C, 150 rpm for 30 days

 

Fig. 3. FT-IR spectra of untreated and treated PU foam with the Mixed culture B at 30 °C, 150 rpm for 30 days 

 

FT-IR analysis confirmed that the Mixed culture B was able to 

degrade both the rubber gloves and the PU foam in 30 days of 

incubation. These mixed cultures should be studied further for 

their ability to be utilized with the other rubber waste 

products. 
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Isolation of a culturable mixed culture 

from soils is an alternative method and a 

step closer to achieving the complete 

synthetic rubber biodegradation. 
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