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INTRODUCTION

Polyurethane is a polymer containing  
a urethane moiety in its repeating unit. Al-
though it may contain urethane groups, other 
moieties, such as urea, ester, ether or an ar-
omatic may also be included (Bayer, 1947). 
According to Howard (2002), polyurethane 
is a synthetic polymer that is formed by the 
reaction of condensation polymerization be-
tween polyisocyanate and polyol which hav-
ing intramolecular urethane bonds. Urethanes 
are derivatives of carbamic acids which exist 
only in the form of their esters. Polyurethanes 

have gradually replaced earlier polymers in 
various areas including marine and aircraft 
coatings and foams in car seats and furnish-
ings. Santerre et al. (2005) reported that poly-
urethane is considered as one of the most bio 
and blood compatible materials known in the 
medical area. They have played a major role in 
the development of many medical devices due 
to their structural properties, blood and tissue 
compatibility and resistance to macromolecu-
lar oxidation hydrolysis and calcification.

Polyurethane widely used as a base ma-
terial in various industries, and is found just 
about everywhere in modern life. Some of the 
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Abstract. Polyurethane is a class of polymers characterized by their 
substantial tensile strength and high melting points which enables 
them to be extremely durable. Despite its xenobiotic origin, polyure-
thane has been found susceptible to biodegradation by microorgan-
isms. The main object of this research was to investigate polyurethane 
degradation by the bacterium isolated from decayed teak wood (Tec-
tona grandis Linn. f.). Polyurethane degrading bacteria were isolated 
using selective medium in the form of LB (Luria Bertani) with the ad-
dition of 0.3% Impranil. Bacterial biodegradation activities shown by 
the changes of polyurethane structure analyzed by FT-IR spectrosco-
py. The bacterial identification was carried out based on observations 
on the morphological characteristics of the colonies, cell morphology 
and sequences of 16S rRNA encoding genes. One of the potential iso-
late that successfully isolated was K9, which demonstrates the disap-
pearance of the 1735/cm peak of the characteristic function urethane 
in the FT-IR analysis. Analysis of the 16S rRNA encoding gene showed 
that the potential isolate having 98% similarity index to Bacillus safen-
sis strain FO-36b. The activity shown by the isolate suggests that the 
bacteria could be a promising agent for polyurethane degradation.
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applications of that versatile polymer include 
foams, elastomers, paints, fabric coatings, ad-
hesives, and sealants. In order to develop bi-
oremediation techniques for refractory waste, 
such as polyurethane, an investigation of new 
organisms and knowledge on how these com-
pounds are degraded is needed. Nair & Kumar 
(2007) have reported that Bacillus pumillus 
NMSN-1d isolated from polyurethane con-
taminated water are known to have the abil-
ity to degrade polyurethane when grown in 
high salinity medium. Shah et al. (2013) have 
also identified polyurethane degradation ac-
tivity by Bacillus subtilis MZA-75 and Pseu-
domonas aeruginosa MZA-85 and detected 
the hidrolysis of polyurethane ester bonds by 
esterase. Nakkabi et al. (2015b; 2015c) have 
reported similiar activity by Bacillus subtilis 
and Pseudomonas stutzeri isolated from cedar 
wood. Polyurethane degrading bacteria that 
have been isolated from natural sources (Nair 
& Kumar, 2007; Shah et al., 2013; Nakkabi 
et al., 2015a; 2015b), indicates that there are 
potential reservoirs of polyurethane degrad-
ing organisms widespread in the environment.

In this context, we considered studying 
biodegradation of polyurethane (Impranil DL 
1380) by bacteria isolated from decayed teak 
wood. Indonesia is a country with a very rich 
biological natural resources, the Indonesian 
tropical forests rank 3rd in the world (Indra-
wati & Rizki, 2017) with teak wood (Tectona 
grandis) as one of the best quality forests prod-
ucts (Inspiring, 2018). Teak wood is a woody 
plant which has complex lignocellulose. The 
main components in lignocellulose materials 
are cellulose, hemicellulose and lignin. All 
three form a complex chemical bond that be-
comes the basic material of plant cell walls 
(Hermiati et al., 2010). Carpita & Mc Cann 
(2000) stated that the ester bond is one that 
makes up lignocellulose. Microorganisms 
that could live on the decayed teak wood are 

thought to be able to degrade ester bonds from 
complex lignocellulose in their substrate, so 
it is expected that these microorganisms have 
the ability to degrade polyurethane poly-
mers, which mainly composed of ester bonds.

MATERIALS AND METHODS

Material Collection and Preparation
The specific polyurethane used in the 

study was Impranil DL 1380, which was ob-
tained in the form of liquid (Covestro, Germa-
ny). Impranil is suitable for common textile 
coating processes in the fields of sports, cloth-
ing, fashion articles, technical items, and gen-
eral protective equipment. Impranil DL 1380 
is solid polymer dispersed in water. The solid 
part consists of a linear aliphatic diisocyanate 
and aliphatic polyester (Covestro, 2018). The 
bacterial strain was isolated from decayed 
teak wood collected from Mojosongo village, 
Boyolali Regency, Central Java. 

Bacterial Degradation Activities of Polyu-
rethane

Purified bacteria were inoculated into a 
solid selective LB medium (This medium is 
made by mixing 0.05 g of yeast extract, 0.1 g 
of NaCl, 0.1 g of tryptone and 0.3 ml of Im-
pranil DL 1380 into 100 ml dH2O), then in-
cubated for 7 days at 37°C. Bacteria that can 
degrade polyurethanes will show a clear zone 
around the colony (Nakkabi et al., 2015a). 
IR-spectrophotometer analysis was carried 
out to determine changes in polyurethane 
structure. The sample used was taken from a 
liquid culture that had been incubated for 10 
days. Samples were centrifuged for 1 minute 
at 4,200 g to remove bacterial material, and 
then evaporated at 37°C to form film. The 
polyurethane film was then analyzed using an 
IR-spectrophotometer by using deionized wa-
ter as the background spectrum (Rusell et al., 
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2011). The control polyurethane (Impranil DL 
1380) should show a large absorption peak at 
1735 cm-1, due to the presence of ester bonds 
in the polyurethane polymer. The loss of peak 
at the absorption of 1735 cm-1 indicates the 
degradation of polyurethane due to the chang-
es of ester bonds that make it.

Morphological Bacterial Characterization
Bacterial characterization was carried 

out based on observations on the morpholog-
ical characteristics of colonies and cells, by 
culturing the isolates on selective solid LB 
medium and then observing the colour, shape 
and edge of the colony. The cell morpholo-
gy identified by gram staining method. The 
first step was heat-fixing bacteria on the glass 
slide, crystal violet was added and left for 1 
minute. The sample was then pressed with 1 
drop of iodine and left for 30 seconds before 
rinsed with 95% alcohol. Safranin was added 
and left for 30 seconds before rinsed with dis-
tilled water. Observation of the bacteria was 
carried out using a light microscope. Purple 
bacterial cells show gram-positive, while the 
red bacterial cells show gram-negative (Sag-
ita, 2016). 

Molecular Bacterial Identification
Molecular identification was based on 

sequences of 16S rRNA encoding genes. For 
molecular identification, the genomic DNA 
was extracted using PrestoTM gDNA mini 
bacteria kit (Geneaid). The gene was then am-
plified by PCR thermal cycler (Applied Bio-
System) using bacterial primers 63f (5′-CAG 
GCC TAA CAC ATG CAA GTC-3′) as primer 
forward and 1387r (5′-GGG CGG WGT GTA 
CAA GGC-3′) as reverse primer (Marchesi et 
al., 1998). The PCR mixture contained 1 μM of 
each primer, 25 μL of My Taq Red Mix buffer 
(2X) (Bioline) and ddH2O. To this mixture, 2 
μL of the DNA template was added. The total 

reaction volume was 50 μL. The reaction was 
amplified in a Thermal Cycler using the fol-
lowing programs: 95°C for 1 min; 30 cycles 
of 95°C for 15 s, 55°C for 15 s, 72°C for 10 s 
followed by a final extension step of 72°C for 
5 min (My Taq protocol, Bioline). The PCR 
product was then checked by electrophoresis. 
The electrophoresis (Bio-Rad) used 1% aga-
rose at a voltage of 70 volts for 45 minutes. 
DNA visualization was carried out trough 
UV transilluminator and documented using 
gel documentation (Bio-Rad). The amplified 
DNA was then sequenced in Singapore’s 1st 
base laboratory. Sequencing was performed 
by using Big Dye terminator cycle sequenc-
ing kit v.3.1 (Applied BioSystems). The sim-
ilarity of the sequences was determined by 
comparing the sequences with those available 
in the online databases provided by the Na-
tional Centre for Biotechnology Information 
(NCBI) using the BLAST search program 
(http://www.ncbi.nlm.nih.gov/BLAST). De-
termination of the potential bacteria identity 
based on Bosshard et al. (2003), with the fol-
lowing criteria, the percentage of similarity ≥ 
99% indicates the same species, the percent-
age of similarity between ≥ 95% - <99% in-
dicates the same genus, and the percentage of 
similarity <95% indicates the same family.

 
Potential Bacteria Relationship Based on 
16S rRNA Encoding Gene

The potential bacterial relationship be-
tween isolates in this study with some of the 
closest potential species based on the 16S 
rRNA encoding gene was presented in the 
form of a phylogenetic tree. The construction 
of phylogenetic tree was prepared using the 
Molecular Evolutionary Genetics Analysis 
(MEGA) program with the Neighbor-Joining 
(NJ) method (Kumar et al., 2015).

http://www.ncbi.nlm.nih.gov/BLAST
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RESULTS AND DISCUSSION

Bacterial Isolation
The bacterial isolation produced 12 

bacterial isolates in which only two of them 
had the ability to degrade polyurethane, as 
presented in Table 1. This article will review 
Isolate K9 due to its activity to degrade poly-
urethane.

The small proportion of isolated po-
tential bacteria obtained (Table 1) was due 
to the substrate difference given in this re-
search and what occurs in nature. Bacte-
ria that live in decayed teak wood sub-
strate utilize the lignocellulotic component 
to carry out their lives, while the isolated 
ones rely on synthetic polyurethane (Impra-
nil DL 1380) substrates in growing media.

Both lignocellulose of the teak wood and Im-
pranil DL 1380 are complex polymers that 
are difficult to decompose, but they differ 
in shape and characteristics. Lignocellulose 
composes of a variety of complex bonds, 
such as esters which bind to various aromat-
ic groups, lignins and polysaccharides, thus 
forming a structure that is very sturdy and 
difficult to decompose (Carpita & Mc Cann, 
2000), while the Impranil DL 1380 com-
poses of linear polyurethane with high mo-
lecular weight aliphatic polyester chains. 
That difference of characteristics between 
decayed teak wood and Impranil DL 1380 
substrates certainly provide a very different 
habitat for the bacteria, thus limit its growth.

Source Isolate Zone of clearance 

Teak wood K 1 -
K 2 -

K 3 -

K 4 -

K 5 -

K 6 -

K 7 -

K 8 -

K 9 +
K10 +
K11 -

K12 -

Table 1. Bacteria isolated from decayed teak wood

Description : (+) =  forming a clear zone around the colony; (-)  = does not forming clear zone around the colony

Degradation of Polyurethane in a Solid 
Medium

Polyurethane degradation activity of iso-
late K9 was indicated by its ability to form clear 
zones on selective agar medium (Figure 1).

The zone of clearance around the grow-
ing culture, shows the structural changes of 

polyurethane in the substrate (Figure 1). The 
selective solid LB medium shows opaque, 
and becomes transparent upon bacterial deg-
radation. The research is in line with Nakkabi 
et al. (2015b) which revealed that the clear 
zones at the selective medium formed due to 
the presence of polyurethane hydrolysis.
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Figure 1. Growth of bacteria (Isolate K9) on a LB 
plate supplemented with 0.3% impranil DL 
1380. The colony produce zone of clear-
ance showing polyurethane degradation

Degradation of Polyurethane in a Liquid 
Medium

Polyurethane degradation activity was 
continued by growing potential isolates on 
liquid medium (Figure 2).

The selective liquid LB medium was 
opaque and when it was incubated with the 
K9 isolate, it showed changes in opacity, and 
gradually became transparent. The changes 
in the medium from opaque to transparent 
indicated changes in the polyurethane struc-
ture present in the medium. The changes in 
opacity of the liquid medium is in line with 
the research conducted by Nakkabi et al. 
(2015a; 2015b; 2015c), reporting the deg-
radation activity of polyurethane by Bacil-
lus safensis, Bacillus subtilis and Pseudo-
monas stutzeri isolated from Cedar wood, 
where one of the parameters was indicated 
by degradation in liquid Impranil LB medi-
um, from the original opaque to transparent. 
Akatsu et al. (1998) also reported similar ac-
tivities by Comamonas acidovorans TB-35, 
which produce polyurethane esterase to de-
grade polyurethane. Analysis of water soluble 
PUR breakdown products revealed diethylene 
glycol and adipic acid as probably the main 
metabolites. These observations implied that 
an esterase-like enzyme plays at least some

Fig. 2. Impranil DL 1380 degradation in liquid LB me-
dium with the concentration 0,3% after 10 days 
of incubation; A = Control without bacteria; B = 
incubation with bacteria (Isolate K9)

role in PUR degradation by TB-35. The Co-
mamonas acidovorans TB-35 degrades poly-
urethane through two stages of reaction, hy-
drophobic adsorption on the surface of the 
polyurethane then hydrolyzes the ester bonds

FT-IR Analysis of the Degradation of Pol-
yurethane

Polyurethane samples of Impranil DL 
1380 displayed a large absorption peak at 
1735/cm representing carbonyl group of es-
ters (C(O)-O) in the polyurethane polymer 
(Kristianingrum, 2011). The absorption of the 
polyurethane sample (control) shown in Fig-
ure 3. A progressive reduction in the relative 
intensity of the peak at 1735/cm was observed 
and was accompanied by more subtle changes 
at another wave number (Figure 4).

By the time the culture has become vis-
ually transparent, there was a complete disap-
pearance of the absorbance peak at 1735/cm 
(Figure 4). The peak at 1.735/cm representing 
carbonyl group of esters disappeared in the 
FT-IR spectrum of the test sample. Besides, 
the control polyurethane showed sharp peaks 
in the area of 3389/cm (Figure 3), whereas 
the treatment polyurethane showed a shift to 
3444/cm and the peak broadened (Figure 4) 
due to the presence of free hydroxyl group. 
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Kristianingrum (2011) stated that the absorp-
tion peak that occurs in the 3700–3100/cm re-
gion caused by stretching vibrations of O-H 
or N-H, and the presence of hydrogen bonds 
leading the peak to be broadened.

The changes of peak also occurs in the 
area of 1172/cm (Figure 3) which absent in 
the treated sample (Figure 4), indicating the 
dissapearance of C-O. The loss of the C = O 
and C – O groups, as well as the formation 
of hydroxyl groups (O-H) indicate that ester 
hydrolysis took place as a result of bacterial 

treatment. The FT-IR spectrum of the treated 
polyurethane supports the idea of the involve-
ment of bacterial esterases in the degradation 
of polyurethane. A similar study has been in-
vestigated by Nakkabi et al. (2015a) which 
reported the bacterial degradation of poly-
urethane samples using FT-IR and observed 
subtle decline in the peak representing ester 
functionality (1735/cm) with gradual loss of 
opacity in the liquid medium supplemented 
by polyurethane.

 

1735 cm-1 

Figure 3. Infrared spectra of polyurethane liquid medium containing 0.3% of Impranil DL 1380 without bacterial 
incubation. The absorbtion area of 1735 cm-1 indicate the presence of ester group.
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Figure 4. Infrared spectra of polyurethane liquid medium containing 0.3% of Impranil DL 1380 taken after 10 days of 
incubation with the potential bacteria. The absorbtion area of 1735/cm dissapeared.

Isolate
Morphology of the colony

Pigmentation shape Margin Elevation Optical character

K9 milky white irregular undulate flat opaque

Table 2. Morphological characters of potential bacterial colonies

Bacteria Identity
K9 isolate is a gram-positive bacteria 

with coccobacilli cells (Table 3) and opaque 
milky white-colored colony. It has irregular 
shape, umbonate and toothed margin (serrate) 
(Table 2).

K9 isolate belongs to the group of 
gram-positive bacteria, where the bacterial 
cells were purple-coloured after being sub-
jected to gram staining. Kurnia et al. (2016) 
stated that gram staining is an important step 
in the initial identification. This colouring 
method is based on the thickness of the bac-
terial cell wall layer, thus affecting the ability 

of the bacterial cell wall to maintain the main 
colouring used. KOH testing was done to con-
firm the result of gram staining. K9 isolate did 
not form mucus threads when was mixed with 
3% KOH solution, indicating that the isolate 
belongs to gram-positive bacteria.

The molecular characterization to iden-
tify K9 isolate was based on the 16S rRNA 
encoding gene. The amplicon of 16S rRNA 
encoding gene that has been analyzed by aga-
rose gel electrophoresis showed that there was 
a size of approximately 1300 bp (Fig. 5).
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Isolate
Cell morphology

*KOH 3% test
Shape Gram

K9 Coccobacilli Positive -

Table 3. Cell morphology of the potential bacteria

Figure 5. Electrophoregram amplicon of potential bacteria 16S rRNA en-
coding gene. The amplicon shows a size of approximately 1300 
bp

K9 isolate has the closest similarity to Ba-
cillus safensis strain FO-36b (NR_041794.1) 
based on the GeneBank data (Table 4). The 
index of similarity was 98%, indicating the 
same genus of Bacillus. Bacillus is known as 
a cosmopolitan group of bacteria, which is re-
sistant to various antiseptic compounds and 
has various enzymatic abilities (Hatmanti, 
2000). The degradation of polyurethane by K9 
Isolate has been chemically demonstrated by 

infrared spectroscopy, which shows the dis-
appearance of the 1735/cm peak of the ester 
bonds. The loss of  peak shows the hydrolysis 
of the ester bond in the urethane linkage along 
the chain. Hydrolysis of this function causes 
the degradation of polyurethane. The research 
is in line with Nakkabi et al. (2015a) which 
reported that the Bacillus safensis activities to 
degrade the polyurethane are by hydrolyzing 
the ester bonds.

Isolate Closest species Query cover % Similarity Accession number

K9 Bacillus safensis strain
FO-36b 96% 98% NR_041794.1

Table 4. Similarities in the partial sequences of potential bacterial encoding genes 16s rRNA using the BLAST-N 
program
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Potential Bacteria Relationship Based on 
16S rRNA Encoding Gene

The relationships between isolate K9 
and some of the closest potential species 
based on the 16S rRNA encoding gene were 
presented in the form of a phylogenetic tree 
(Figure 6).

Several species of the genus Bacil-
lus are known to have the ability to degrade 
polyurethanes. Nakkabi et al. (2015a) have 
reported that Bacillus safensis isolated from 
decayed cedar wood known to have the abil-

ity to degrade polyurethane polymer. Similar 
activities were detected by Nair & Kumar 
(2017), who reported that Bacillus pumillus 
strain NMSN-1d isolated from polyurethane 
contaminated water known to have the ability 
to degrade polyurethane when grown in high 
salinity medium. Shah et al. (2013) have also 
reported the biodegradation activity of poly-
urethane by Bacillus subtilis strain MZA-7. 
The strain has the ability to hydrolyze the es-
ter bonds in polyurethane polymer and con-
vert it to CO2 and H2O.

Figure 6. The phylogenetic tree of the potential bacteria with some of the closest potential bacteria species 
based on the 16S rRNA encoding gene by the Neighbor Joining (NJ) method.
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