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Abstract 

Ultra-fast recently Microwave-synthesized Hyperbranched Poly (urethane-urea) (MW-HBPU), is a polymer with a unique 

morphological structure and different applications in many fields as textile printing and coating. Because Polyurethanes (PUs) 

have excellent chemical and physical properties, their bio-decomposition and decay are difficult and time consuming. 

Therefore, MW-HBPU biodegradation by five bacterial isolates isolated from different local garbage sites has been studied. 

The highest activity was observed in three isolates (H1, H2 and H3), that were identified by morphology, physiology, 

biochemical and molecular biology (16S rRNA). Achromobacter sp. strain NRC2018, Bacillus subtilis strain NRC2018 and 

Bordetella petrii strain NRC2018, respectively.  Carboxylesterase and acetylcholineesterase activity for the three strains were 

determined. Achromobacter sp. strain NRC 2018 showed high activity gives 91.2 and 526.4 U/ml for Carboxylesterase and 

acetylcholineesterase, respectively. The change in the characteristic functional groups reflected in the ATR-FTIR spectra of 

MW-HBPU after incubation with these bacteria showed attack at certain sites in the MW-HBPU structure and pointed to 

structural changes. SEM images clearly showed degradation in the MW-HBPU network. Additionally, a notable change in 

weight after incubation with isolated bacteria was also used to demonstrate the ability of these strains to effectively 

biodegrade MW-HBPU. 
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1. Introduction 

Since human synthesize plastic of all its kinds, 

every second pass accumulates plastic waste causing 

significant environmental problems. The plastic 

waste represents approximately 30 % of the solid 

waste that hurts our planet. Polyurethane (PU) is one 

of the most important polymers in our daily life and 

is widespread in many medical and industrial 

applications [1, 2, 3]. Recently synthesized hyperbra-

nched polymers possess super properties that make 

them more reactive than linear polymers, such as; 

compact molecular shape, lower viscosity and better 

solubility, and they possess many of reactive end 

groups. Because of the above-mentioned features, 

there are many applications of such polymers in 

characteristic fields, such as supra-molecular chemi-

stry, material biomedical applications, photochemical 

molecular devices, conductive materials, coating 

additives and textile finishing [4, 5, 6]. 

Additionally, the application of advanced technol-

ogies such as microwave (MW) irradiation polymer 

synthesis (instead of thermal heating) gives brilliant 

features such as  reaction rate enhancement, greatly 

reduced reaction time, higher control & selectivity, 

higher reaction yield, non-contact heating, homo-

geneous processes, reduction of side reactions 

greener products [7, 8,9]. The many PUs applications 

(foams, textile printing and finishing, automotive 

parts, coatings, varnishes, paints, adhesives etc.) are 

due to it brilliant chemical character and excellent 

abrasion and mechanical resistance, which make 

them highly resistant to microbial degradation [2, 10, 

11, 12]. Balancing between manufacturing stable 

polymers that resist environmental conditions and 

minimizing their impact on the environment is a 

difficult challenge.  
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The environmental problem appears with the 

accumulation of these polymers after their service has 

finished. With more clarity, these polymers have 

been designed to be stable and resistant to environ-

mental degradation. The inevitable result of these 

structures is their very slow decay rate. It may take 

very long to degrade these large compounds into 

short chain hydrocarbons. Moreover, the disposal of 

these materials by burying them in certain places 

leads to a significant change in the pH of the 

surrounding environment. Groundwater changes 

followed by disturbances in the leaching of moisture 

and rain water make the land bare and unfertile [13, 

14]. Furthermore, these materials also negatively 

impact human health and aquatic life. 

The term biological degradation refers to the 

attack of living organisms such as bacteria, fungi and 

insects on a substrate which results in a lack of 

characteristic properties (changes in both mechanical 

properties and chemical structure). Fortunately, 

scientists have noted some microorganisms that 

produce significant degradation in the composition of 

some polymers under certain conditions that is faster 

than normal [15, 16]. The effect of microorganisms 

on attacked polymers can take three aspects: i) a 

biophysical effect (growth of organisms depending 

on the loss of mechanical resistance in the polymer), 

ii) a biochemical effect (bioactive compounds 

produced by microorganisms act on the polymer) and 

iii) direct enzymatic action. Carboxylic ester hydro-

lases are a large class of enzymes catalyzing the 

hydrolysis or synthesis of ester bonds [17]. Esterase 

are able to catalyze the hydrolysis or synthesis of a 

rather broad range of other substrates containing ester 

linkages, such as acylglycerols, aryl esters [18], and 

in some cases alcohol esters, cinnamylesters, xhant-

ophyl esters [19], or synthetic polymers [20].  

Therefore, the biodegradation of PU follows two 

different pathways: oxidative degradation and hydro-

lysis degradation [21]. Polyester is subject to hydrol-

ytic degradation due to the presence of soft segments 

and ester group in their structural backbone [21]. 

However, polyether PUs is subject to oxidative deg-

radation. The hydrolytic degradation of PU is carried 

out in three steps: i) hydrolysis of amide and ester 

links through the polymer chains, ii) both of mole-

cular weight and viscosity has been decreased iii) 

final cleavage all polymer chains. 

Moreover, few studies have addressed the ability 

of bacteria to biodegrade varieties of PU [1]. In 

contrast, many articles have clarified fungal abilities 

to biologically decompose polyester polyurethane. 

Additionally, the ability of some proteolytic enzymes 

on amino acid based polyurethane biodegradation has 

been found in special sites e.g. aromatic side chains. 

The aim of this work was to isolate and identify of 

microorganisms isolated from local soil at garbage 

site, to efficiently biodegrade MW synthesized hyper-

branched poly (urethane-urea) (applied in textile 

finishing), also studies the chemical and 

morphological changes in the polymer structure.                                                            

2. Materials and Methods 

2.1. Ultra-Fast synthesis of   hyperbranched poly 

(urethane-urea) via microwave irradiation (MW-

HBPU) 

The synthesis of hyperbranched poly (urethane-

urea) (MW-HBPU) was performed under microwave 

irradiation(MW) using a pulses multimode milestone 

MW reactor with an operating frequency of 2.45 GHz 

and maximum MW power of 1200 Watt. The 

synthesis process was conducted according to 

modification of procedure described elsewhere [12]. 

The synthesis of hyperbranched poly (urethane-urea) 

using MW irradiation accelerates the reaction rate by 

24 times compared with the conventional heating 

method and without using the catalytic agent. 

Sampling and bacterial isolation  

Soil samples were collected during 2016 from 

plastic waste disposal sites from El Gharbia 

Government, Egypt. Soil samples were collected by 

divers in sterile tubes and kept in a refrigerator until 

managed in the lab. Soil samples (10 g) were 

transferred into sterilized saline solution (0.85 % 

NaCl, w/v) (90 ml) with MW-HBPU as a sole carbon 

sources to decrease the colony count in soil and sited 

in shaker incubator (150 rpm and 37 °C). After two- 

and four-weeks suspensions were plated for isolation 

of bacteria on mineral salt agar media (MSM) (g/l: 

K2HPO4 0.5, KH2PO4 0.04, NaCl 0.1, CaCl2·2H2O 

0.002, (NH4)2SO4 0.2, MgSO4.7 H2O 0.02, FeSO4 

0.001) containing MW-HBPU (10 g/l) as a sole 

carbon source [22, 23]. The plates were prepared one 

day before plating and incubated at room temperature 

overnight to eliminate films of moisture on the agar 

surface. Then placed on static incubator at 37°C and 

examined for bacterial growth within one week to 

allow the development of slow growing bacteria. 

Isolates were then subjected to purification. Duplicate 
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agar plates were used for purification by streaking the 

inoculating plates. Single colonies were picked up 

and sub cultured on nutrient agar. 

2.2. Biodegradation of MW-HBPU 

2.2.1. Weight loss technique 

The sheets for each formulation were tested for 

resistance to bacterial attack. Pre-weighed dried, 

autoclaved, surface sterilized and UV treated samples 

were exposed to bacterial culture in Petri dishes 

containing nutrient agar media followed by 

incubation of samples at 37°C. Triplicates were 

maintained for each type of hyper branched PU. After 

one week, samples were collected, washed 

thoroughly by water (distilled) then dried to room 

temperature until constant weight was reached. 

Samples were reweighted to determine the percentage 

of loss in samples weight using the following formula 

[22]. 

Weight loss %= (mi-mf)/mi 

 

Where, mi and mf are the masses of the samples 

before and after before incubation respectively. 

After that, the samples were dried to remove any 

residue that may interfere with the analysis process. 

After the incubation, three bacterial species, that were 

able to effectively utilize MW-HBPU as the sole 

carbon and/or nitrogen source (the isolates showed a 

maximum weight loss effect of over 50 %) under 

experimental conditions, were isolated. These isolates 

can affect polymer structure by attacking the polymer 

at sites where reactive groups are located (e.g., ester 

groups of the soft segments, urethane linkages, and 

amide groups) [1]. 

2.2.2. Analysis of changes in MW-HBPU 

Mineral salt medium was prepared, containing 

(g/l: K2HPO4 0.5, KH2PO4 0.04, NaCl 0.1, CaCl2· 

2H2O 0.002, (NH4)2SO4 0.2, MgSO4·7 H2O 0.02, 

FeSO4 0.001), the prepared media was auto-claved 

at121°C for 15 min followed by cooling until reached 

to room temperature. Pre-weighed MW-HBPU sam-

ples were sterilized through exposing to UV ray (254 

nm) for 15 min. After sterilization pro-cess, the 

samples were inoculated in the prepared medium in 

sterile conditions. For degradation study, (108 

CFU/mL) of three days pre-culture bacterial isolates 

(H1, H2 and H3) were injected in conical flask (250 

ml) having 100 ml MSM and10 g/l of MW-HBPU as 

a sole carbon sources, the cultures were incubated in 

an incubator shaker(37 °C and 100 rpm) for one 

week. Microorganisms development was observed 

using spectrophotometer (UV/Visible) through 

evaluating the absorbance optical density (at 

wavelength 600 nm) with respect to the control 

sample. The readings were taken at interval of seven 

days. At the end of the week MW-HBPU were 

recovered and washed for further analysis. The 

alterations in the morphology as well as the changes 

in the structure through chemical bonds modification 

of MW-HBPU as a result of incubation with isolated 

bacterial strains were analyzed by different 

techniques, such as SEM and ATR-FTIR 

spectroscopy [23]. 

a. Identification of screened strain    

Morphological and physiological 

characterization 

Bacterial strains were identified by morphological, 

physiological and biochemical experiments according 

to Bergey’s Manual of Determinative Bacteriology 

[24]. The identification was confirmed by comparing 

morphology, Gram staining, substrates utilized as 

sole carbon sources and growing tests (catalyses, 

starch hydrolysis, Voges-Proskauer, simmon’s citrate 

and nitrate reduction tests) at 37 ˚C and pH 7.  

 

16SrDNA sequence identification 

DNA extraction was carried out by a DNA 

extraction kit and DNA quality was evaluated on a 

1.2 % agarose gel. A single band of high molecular 

weight DNA was observed. The forward primer was 

5-TCCGTAGGTGAACTTTGCGG-3 and the rev-

erse primer was 5-TCCTCCGCTTATTGAT-ATGC-

3 [25]. The amplified PCR product was purified to 

remove contaminants. The forward and reverse DNA 

sequencing of PCR product was carried, followed by 

35 amplification cycles at 94°C for 45 s, 55°C for 60 

s and 72°C for 60 s. DNA fragments of 

approximately 988 bp were amplified. A positive 

control (Escherichia coli genomic DNA) and a 

negative control were performed for in the PCR. 

Sequencing was performed by using a Big Dye 

terminator cycle sequencing kit (Applied Biosystems, 

USA). Sequencing products were resolved on an 

Applied Biosystems model 3730XL automated DNA 

sequen-cing system. The forward and reverse 16S 

rDNA sequences obtained were checked for accurate 

base calling, assembled and analyzed using the 

BLAST available on the NCBI website 

(http://www.ncbi.-nlm.nih.gov) using the BLAST 

program [26]. The phylogenetic tree was constructed 

http://www.ncbi.-nlm.nih.gov/
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using neighbor-joining tree method using the 

software MEGA7.  

b. Determination of Carboxylesterase and 

acetylcholineesterase activity 

Carboxylesterase and acetylcholineesterase were 

estimated in the crude homogenates. Carboxy-

lesterase activity was determined usingP-NPA as the 

substrate which forms nitrophenol compounds [27]. 

Reaction mixtures contained in 1ml: 2 mMP-nitro-

phenyl acetate dissolved in acetone, 80 mM 

phosphate buffer pH 7.5. Change in the absorbance 

was measured at 407 nm for 10 min. The assay was 

calibrated using P-nitrophenol. One unit of esterase 

enzyme activity was defined as 1µmoles of P-

nitrophenol produced per hour under standard assay 

conditions. While, acetylcholineesterase determined 

by substrate [28]. The reaction mixture contained in 

1ml: 60 mM Tris-HCl buffer, pH 8.5, 1mM AcSChI, 

1 mM DTNB. The reaction mixtures were incubated 

at 37oC for 1h and the absorbance was measured at 

412 nm. One unit of AChE activity was defined as 

the amount of enzyme that hydrolyzes 1µmol of 

substrate per hour under standard assay conditions. 

2.3. Assay of structure changes 

2.3.1. ATR-FTIR spectroscopy analysis.  

AT-FTIR spectra of MW-HBPU treated and 

untreated samples were done on JASCO FTIR 4100 

spectrometer (Tokyo, Japan). The measurements 

were recorded in the range of 400– 4000 cm-1 

Scanning electron microscopy (SEM) analysis [12]. 

SEM micrographs of samples were verified on a 

Quantum (FEG-250 microscope at a voltage of 10 

kV). To avoid charging the samples are sputter-

coated with gold before scanning [12]. 

3. Results and Discussion 

3.1. Isolation of bacteria causing biodegradation  

Biodegradation is the intentional degradation of 

polymer chains by microorganisms, which leads to 

changes in the polymer chain mechanical properties 

and chemical structures. Five bacterial isolates were 

isolated at selected medium using MW-HBPU as the 

carbon source for growth. These isolates were 

screened for their ability to biodegrade MW-HBPU. 

Polyester polyurethane (PU) was used as the sole 

carbon source in the isolation of Pseudomonas 

aeruginosa from soil and for the degradation of PU 

film pieces as reported by[23]. 

3.2. Biodegradation of MW-hyperbranched poly 

(urethane-urea) analyzed by weight loss technique 

MW-HBPU was subjected to a weight loss 

technique for detecting the effects of different strains. 

The greatest effect was achieved by isolate H1 (66.32 

%), followed by H2 (61.09 %), H3 (54.85 %), H4 

(35.33 %) and the weakest one was H5 (30.51 %) 

(Table 1).This effect indicates their capacity to use 

MW-HBPU as the sole carbon source in their 

metabolism process. Bacillus cereus has been isolated 

from a local dumpsite for use in the biodegradation of 

polyethylene. Degradation was carried out using 

sterilized polyethylene and monitored by observing 

weight loss [29]. 

 

3.3. Identification of active isolates 

      Three isolates showed maximum weight losses 

in MW-HBPU (H1, H2 and H3) were identified 

according to their morphological, physiological and 

biochemical experiments (Table 2). Accordingly, it 

was to sequence 16S rDNA gene was amplified and 

sequenced, and the sequence has been placed in the 

GenBank database [30]. Phylogenetic trees based on 

the 16S rDNA sequence were built using the 

neighbor-joining method (Figures 1, 2 and 3). The 

nearly complete 16S rRNA gene sequences of strains 

were compared with the analogous sequences of 

other bacterial strains in the GenBank database 

through BLAST. BLAST results indicated that strain 

H1 was most similar to Achromobacter sp. strain and 

H2 was most similar to Bacillus subtilis strain, while, 

H3 was most similar to Bordetella petrii strain. Table 

(3) showed that the names and accession numbers of 

these strains. Phylogenetic trees were developed by 

the neighbour-joining algorithm (Figures 1, 2 and 3).  

 
Table 1  
Weight loss of MW-HBPU 

Isolate 

no. 

Initial weight 

(gm) 

Final weight    

(gm) 

Weight loss 

(gm) 

Weight 

loss (%) 

H1 0.1773 0.0597 0.1176 66.32 

H 2 0.1784 0.0694 0.1090 61.09 

H 3 0.4915 0.2219 0.2696 54.85 

H 4 0.2870 0.1856 0.1014 35.33 

H 5 0.3294 0.2289 0.1005 30.51 
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Table 2 

Biochemical and physiological characteristics of bacterial isolates 

Microscopic examination Test 

H3 H2 H1 

Gram stain Negative 

short rod 

Positive 

bacilli 

Negative 

short rod 

Culture characteristics &Appearance 

of the colony  

H3 H2 H1 

smooth smooth Smooth Colony surface 

white white White Color 

Low 

convex 

Low 

convex 
Flat Elevation 

entire entire undulate Edge 

Circular Circular Irregular Whole colony 

no no Pink Pigmentation 

translucent translucent Opaque 
Opacity of the 

bacterial colony 

Biochemical tests 
 

H3 H2 H1 

-ve -ve +ve Starch hydrolysis 

+ve +ve +ve Catalase test 

-ve -ve -ve 
Voges- proskauer 

test 

-ve +ve -ve Simmon citrate test 

-ve -ve +ve Nitrate reduction 

+ve +ve +ve Oxidase test 

-ve -ve -ve 
Glucose 

fermentation 

-ve -ve -ve 
Manitol 

fermentation 

3.4. Carboxylesterase and acetylcholineesterase 

activity 

It is well know that esterase enzyme play a major 

role in the biodegradation of polyurethane polymers 

[31]. Carboxylesterase and acetylcholineesterase 

activity were determined for the three strains. Table 

(4) showed that the maximum activity was 

Achromobacter sp. strain NRC 2018 which gives 

91.2 and 526.4 U/ml for carboxylesterase and acetyl-

cholineesterase, respectively. This agree with the 

highly weight loss percentage of Achromobacter sp. 

strain NRC 2018 in biodegradation of MW-HBPU.  

 
Table 3 

Names and accession numbers of bacterial isolates 

Isolate Name 
Accession 

number 

H1  Achromobacter sp. strain NRC 2018 MH410497 

H2 Bacillus subtilis strain NRC 2018 MH410496 

H3 Bordetella petrii strain NRC 2018 MH410499 

3.5. Structure changes 

3.5.1. ATR-FTIR analysis 

The biodegradation of PUs occurs in two stages; 

in the foremost one, the polymer macromolecule is 

broken-down into smaller chains, followed by 

mineralization of polymer fragments. The 

degradation of PU polymers relies not only on the 

chemical structure but also on the nature of the 

degradation location (i.e. the existence of acidic, 

alkaline, aqueous, or oxidative conditions, the 

existence of enzymes). According to the literatures, 

polyester PUs are subject to hydrolytic decomposing 

due to the presence of ester group in both of urethane 

linkages and soft-segments [22, 32]. The capacity of 

microwave synthesized MW-HBPU to be degraded 

by soil bacteria has been studied. Infrared 

spectroscopy can be used as an effective tool for 

detecting and reviewing the chemical changes that 

may occur within polymer structures during 

degradation.  

 
Fig. 1: Phylogenetic tree of Achromobacter SP. NRC 2018. 

 
Fig. 2: Phylogenetic tree of Bacillus Subtilis strain NRC2018. 

 

 
Fig. 3: Phylogenetic tree of Bordetella petrii stain NRC 2018. 
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Fig. 4:(a) ATR-FTIR spectrum of control (MW-HBPU), (b) ATR-

FTIR spectrum of MW-HBPU after incubation with Bacillus 

subtilis NRC2018, (c) ATR-FTIR spectrum of MW-HBPU after 
incubation with Achromobacter sp. NRC2018, (d) ATR –FTIR 

spectrum of MW-HBPU after incubation with Bordetella petrii 

NRC2018 after one week 

 

ATR-FTIR spectra of control (polymer sample 

before incubation with bacteria) were taken as a 

control. The polymer samples were analyzed before 

and after being subjected to bacterial incubation. 

After one week of bacterial incubation, the incubated 

samples of MW-HBPU were washed successively by 

water (distilled), ethanol, and water again.  Figure (4) 

showed ATR-FTIR spectra of MW-HBPU after 

incubation with Bacillus subtilis NRC2018, Achrom-

obacter sp. NRC2018 and Bordetella petrii NRC2018 

for one week. 

In general, it is clear that, the incubation of MW-

HBPU with all isolated bacteria has a significant 

effect on its structure. All the incubated samples 

exhibited a change in peak intensity (Figure 4).  Both 

Achromobacter sp. NRC2018 and Bordetella petrii 

NRC2018 work by the same mechanism but with 

different activities, this may be explained by the 

different efficiency of bacteria in producing esterase 

(Carboxylesterase and acetylcholineesterase 

enzymes) which is shown in a table (4). AS well as, 

the spectra showed a decrease in the peak absorbance 

intensity for all degradation sites. However, in the 

case of Bacillus subtilis NRC2018, there was some 

variability in performance. 

The literature states that, decrease in the 

absorbance of functional group (on IR spectra) 

indicate a weakening of that bond by the degradation 

process and occurrence of a physical change, while 

an increase in the peak absorbance intensity represent 

a morphology and chemical change in those bonds 

[31]. First, all treated samples showed a board band 

at 3300 cm-1 corresponding to overlapping str-OH 

and str-NH, which may be due to the formation of 

fragments with more O-H groups [23]. Additionally, 

the intensity of the band at 2940 cm-1, which is 

attributed to str-C-H, increases, which can be 

explained by increases in the number of fragmented 

hydrocarbon molecules resulting from the 

degradation of the long-chain hydrocarbon polymer 

backbones to small chains such as methylene, methyl, 

amine or hydroxyl compounds. However, the inten-

sity of this peak decreases in the Bordetella petrii 

NRC2018 incubations, which may be attributed to 

the cleavage of C-H-links [22]. 

 

Fig. 5: Hypothetical degradation pathway of MW-HBPU by 
bacterial attack though ester hydrolysishe most important change 

observed in IR bands of attacked MW-HBPU is at the peaks of str-

C=O (1607 cm-1), corresponding to NHCOO (urethane units):- str-
C=O (1548 cm-1), corresponding to NHCONH (ureido units) and 

(1055 cm-1) corresponding to str-C-O-C. 
 

The decrease in the intensity of those bands may 

attributed to the occurrence of chain scission in -RO-

CO-NH2 (urethane group) by attacking bacteria, 

resulting in free amines through ester hydrolysis 

(degradation of ester group) by bacterial attack [33, 

34, 35]. The increase in the absorption of str-C-O-C 

in the case of Bacillus subtilis NRC2018 indicates the 

chemical change in the bond itself [31]. Hence, these 

results confirmed of attacks (chain scission) on 

urethane and ester linkages owing to the action of the 

isolated microorganisms as illustrated in figure 5 

[22]. Therefore, we can expect the biodegradation of 

MW-HBPU occurs in two steps:-first, the 

microorganism is adsorbed onto the polymer surface, 

and second, the ester linkages are hydrolyzed. The 

hydrolysis occurs by dissociating polymer chains into 

smaller units, which leads to surface destruction. 

Extracellular enzymes from microorganism 

metabolism complete the hydrolysis by finalizing 

chain degradation. 
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The most interesting goal achieved in this research 

is the application of microwave irradiation in 

synthesis of HBPU, in a short time without using a 

toxic catalytic agent (DBTDL on the humans as well 

as microorganisms) consequently, enhances the 

degradation of the polymer by microorganisms [7, 

36]. 

3.5.2. Scanning electron microscopy (SEM) 

The morphological changes in MW-HBPU after 

incubation with isolated bacteria (Bacillus subtilis 

NRC2018, Achromobacter sp. NRC2018 and Bord-

etella petrii NRC2018) were investigated and 

detected by SEM (Figure 6). SEM images (Figure 6 

a) represent the MW-HBPU polymer surface before 

incubation with microorganisms. The images show 

groups of sphere-shaped particles with a smooth 

surface and cluster shapes that are strongly linked to 

each other. These regular, uniform, homogenous 

round particles are characteristic features of dendri-

mer & hyperbranched polymers [37]. SEM images 

(Figure 6 b, c and d) represent the surface of MW-

HBPU after incubation with Bacillus subtilis 

NRC2018, Achromobacter sp. NRC2018 and Borde-

tella petrii NRC2018, respectively. The surface of 

MW-HBPU after bacterial exposure showed 

considerable damage in the polymer network, with a 

porous structure, deep pits, and cracks [31]. Erosion 

regions were observed and increased in roughness 

and irregular morphology. It is also very clear that 

there is cracking in the polymer network, and an 

explosion in their round particles leads to the loss be 

regular and uniformity. The existence of holes in the 

attacked MW-HBPU is the focal point of micro-

organism’s attack, initiating in the polymer layers 

cracking and aiding in degradation [22, 34]. The 

degradation starts from the polymer surface and 

progresses to the interior layers, increasing in the 

roughness of MW-HBPU outer surface as well as 

making it heterogeneous and irregular. The 

occurrence of all such damage in the images may 

strongly indicate degradation and decomposition in 

both network and polymer molecules. That 

degradation results from growth of bacterial isolates 

using MW-HBPU as a carbon and/or nitrogen source. 

  
Fig. 6:(a) SEM images of control (MW-HBPU), (b) SEM images of MW-HBPU after incubation with Bacillus subtilis 

NRC2018, (c) SEM images of MW-HBPU after incubation with Achromobacter sp. NRC2018, (d) SEM images of MW-

HBPU after incubation with Bordetella petrii NRC2018 after one week. 
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4. Conclusions 

From these results, all of the chemical changes, 

occurring in microwave synthesized hyperbranched 

poly urethane–urea (MW-HBPU) structures during 

the bacterial incubation, confirm satisfactory bio-

degradation by bacterial strains attacking polymer 

chains. Additionally, all strains of isolated bacteria 

have the ability to cause effective biodegradation of 

MW-HBPU, but the greatest effect was observed in 

the case of Achromobacter sp. NRC2018 on the basis 

of esterase activity, weight loss results and ATR-

FTIR spectra. Therefore, it is possible to conclude 

that, the three isolated bacterial strains can be used to 

induce effective MW-HBPU Biodegradation so as to 

avoid any problems that may be caused in the 

environment. 
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