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Abstract  
 
Polyhydroxybutyrates (PHB) is one of bioplastic that can produce by a wide range of 
bacteria. This work is to isolate PHB-producing bacteria from fifteen soil samples collected 
from forests, mangrove forests, paddy fields and palm oil wastes in Thailand. Two hundreds 
bacterial isolates were screened for PHB production using Sudan black B, Nile blue A and 
Nile red staining methods. After staining, five isolates exhibited strong PHB production. 
Then, the two isolates namely, PE3 and PMS3 were given the highest PHB yields with 
glucose and sucrose as carbon sources, respectively. The growth and PHB production by 
strain PE3 in limitation of nitrogen was also studies. Molasses and crude glycerol 
supplemented in deficient nitrogen medium produced PHB yields amounting to 49.37% and 
15.64% of cell dry weight, respectively. Strain PE3 was characterized by morphological, 
biochemical test and 16S rDNA sequencing and identified as Bacillus cereus. The recover 
polymers were confirmed by Fourier transform infrared spectroscopy (FTIR) and nuclear 
magnetic resonance (NMR).   
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Introduction 
 
Polyhydroxyalkanoates (PHAs) are interested in industrial bioplastic material that produces 
by microorganisms fermentation of sugars or lipids. The family of PHAs includes several 
polymeric esters such as polyhydroxybutyrates (PHB), polyhydroxybutyrate-co-
hydroxyvalerates (PHBV), polyhydroxybutyrate-co-hydroxyhexanoate (PHBHx) and 
polyhydroxybutyrate-co-hydroxyoctonoate (PHBO). PHB have attracted increasing attention 
due to their biodegradable, biocompatible, thermoplastic features, composted or burned 
without producing toxic by-products and be used as packaging and biomedical materials 
(Andrea et al., 2010). Many research have been reported that production of PHA is enhanced 
when bacteria are grown in excessive a suitable carbon source and limited other nutrients 
sources such as nitrogen, phosphorus and sulphur (Shivakumar and Gowda, 2013). 
Production of PHB has most commonly been studied on microorganisms belonging to the 
genera Alcaligenes, Azotobacter, Bacillus and Pseudomonas (Singh and Parmar, 2011). The 
rapid phenotypic screening methods are applied to the screening of PHB producers, including 
Sudan Black B, Nile red and Nile blue A staining (Phanse et al., 2011; Wang and Bakken, 
1998). The production cost of PHB could be lowered by enhancing bacterial cells growth to 
produce a large amount of polymer by using cheaper raw materials or waste products as 
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carbon sources; for example, molasses and crude glycerol. Many efforts have been devoted to 
reducing the production costs by isolating bacterial strains capable of growing and producing 
PHB from inexpensive raw materials and also optimization fermentation conditions for PHB 
production (Kulpreecha et al., 2009). The objectives of this study were to screen PHB 
producing bacterial from soil samples in Thailand, optimization for maximum PHB yields by 
isolates was evaluated using various carbon and limited nutrient sources in the culture 
mediums. PHB-producing strains were identified by 16S rDNA sequence analysis and 
phenotypic characterization. Furthermore, the chemical structure of the PHB synthesized by 
isolate was also determined by NMR and FTIR spectroscopy analysis. 
 
Methodology 
 
Sampling soil and bacterial strains 
Soil samples were collected from mangrove forests, paddy fields, palm oil wastes and soil 
forests in Thailand and kept in plastic bags and marked with collection detail and protected 
from the light and refrigerated at 4oC. Positive control of PHB producing bacteria were used 
in this project such as Alcaligenes eutrophus TSTR 1095, Pseudomonas oleovorans TSTR 
1097 and Azotobacter vinelandii TSTR 1094 that were obtained from Thailand Institute of 
Scientific and Technological Research (TISTR). Escherichia coli strain DH5α was used as 
negative control. 
 
Screening of PHB-producing bacteria 
The one gram of soil samples were mixed with the sterilized Winogradsky salt solution in 
ratio 1:10. Soil suspensions were diluted and spreaded on yeast extract-peptone agar medium 
(YP) and M9 minimal agar (Singh and Parmar, 2011). The plates were incubated at 37oC for 
3-5 days. A total of two hundreds bacterial isolates were isolated by plating again of fresh 
agar medium. Culture stocks were kept on nutrient agar slant and kept at 4°C for further 
studies. 
 
Determination of PHB accumulation in bacteria 
Two assay methods were used in this experiment to screening for PHB accumulation in 
bacterial cell.  
The first method was Sudan Black B plate assay method (Phanse et al., 2011), all the 
bacterial isolates were grown on nutrient agar plate supplemented with 1% (w/v) glucose and 
were incubated at 37oC for 3 days. Sudan Black B dye (0.03%, w/v) was spreaded over the 
colonies. The plates were kept for 30 min at room temperature and washed with 96% ethanol 
to remove the excess stain from the colonies. The dark blue colored colonies were taken as 
positive for PHB production.  
The second method was Nile red and Nile blue A plate assay methods, Nile red and Nile blue 
A was added in M9 minimal agar plate supplemented with 1% (w/v) glucose media and with 
0.5 µg/ml of dyes as final concentration (Wang and Bakken, 1998). The isolates were 
streaked and incubated at 37°C for 3 days. The agar plates were exposed under ultraviolet 
light (312 nm) to detect the presence of intracellular PHB granules in bacteria. Positive PHB 
colonies for Nile red resulted in fluorescent bright orange colonies while resulted in 
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fluorescent blue colonies for Nile blue A. All positive isolates were chosen for further 
studies.  
Phylogenetic and phenotypic characterization 
The morphological and physiological properties of the selected PHB producing bacteria were 
investigated according to Bergey’s Manual of Determinative Bacteriology 9th ed. (Holt et al., 
1994). 16S rDNA gene was used for bacterial identification using GenBank database. 
Phylogenetic tree of DNA sequences was analyzed from aligned program with CLUSTAL W 
and performed by the neighbor-joining method with 1000 replications bootstrapping using 
MEGA Version 6.0 program. 
 
PHB production by PHB-producing isolates 
PHB producing bacterial isolates were grown in 100 ml of nutrient broth with 1% (w/v) 
various carbon sources. Glucose, sucrose, lactose, xylose, arabinose and glycerol were used 
as carbon source. The potential strains to PHB production were cultured in medium with 
limitation of nitrogen (Shivakumar and Gowda, 2013). Raw material such as molasses and 
crude glycerol were supplemented in N- deficient medium for PHB production. Each flask 
was shaking at 37°C for 2 days. The percentage of PHB recovery was calculated from the cell 
dry weight (CDW).  

 
  PHB accumulation (%) = Dry weight of extracted PHB (g/L) x100% 
                                                                      CDW (g/L) 
PHB extraction and analysis 
PHB extraction was done by sodium hypochlorite and chloroform method (Hahn et al., 
1994). IR spectrum was obtained on a Perkin Elmer FT-IR spectrum BX FT-IR spectrometer. 
NMR spectra were obtained on a Bruker AVANCE 300 FT-NMR spectrometer, where 
proton (1H) and carbon (13C) spectra were obtained at 300 MHz and 75 MHz, respectively.  
Spectra were recorded in CDCl3 and were referenced to the residual non-deuterated solvent 
signal.  
 
Results 
 
Isolation of PHA-producing bacteria 
Two hundreds bacterial isolates were isolated from fifteen soil samples collected from five 
provinces (Bangkok, Nonthaburi, Nakhonnayok, Pathumthani and Satun) in Thailand. 
Bacterial colonies were initially screened using Sudan black B, Nile red and Nile blue A 
staining of PHB granules. The results of Sudan black B staining showed that strains PE3, 
PPL2, PMK1, PMK5 and PMS3 exhibited a strong dark blue color of colonies. These PHB-
producing strains from Sudan black B were used to stain by Nile blue A and Nile red. Of 
these, two bacterial strains PE3 and PMS3 showed a very strong fluorescence on UV light 
and had strongly bright orange-red using fluorescence microscope (Figure 1). 
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Figure 1: Screening PHA-producing bacteria by staining method. (A) Sudan black B plate 
assay (B) Nile red plate assay and (C) and Nile blue A plate assay. 
 
The production of PHB  
Yields of PHB (%) were calculated from weigh of PHB per dry cell weigh extracted by 
chloroform method shown in Figure 2. PHB was accumulated by strains PE3, PPL2, PMK1, 
PMK5 and PMS3 when glucose, sucrose, xylose, arabinose and glycerol were used as carbon 
sources. Glucose and sucrose were found to be most suitable carbon source for cells growth 
and PHB accumulation. The highest PHB production and percentage productivity were 
obtained from isolates PMS3 (0.79 PHB g/L / 51.77% PHB) and PE3 (0.6 PHB g/L / 44.78% 
PHB) when sucrose and glucose were used as carbon sources, respectively. However, strain 
PE3, PMK1 and PMK5 were also observed the best yields of PHB production in nutrient 
broth supplemented with arabinose (0.06 PHB g/L / 9.8% PHB), xylose (0.23 PHB g/L / 
17.96% PHB) and glycerol (0.21 PHB g/L / 11.57% PHB), respectively (Figure 2). Strain 
PE3 was also cultured in N-deficient supplemented with sugarcane molasses, crude glycerol 
and pure glycerol as carbon sources (Table 1). Molasses was a good raw carbon source for 
PHB production (1.05 PHB g/L / 49.37% PHB) and followed by pure glycerol (0.45 PHB g/L 
/ 32.82% PHB) and crude glycerol (0.45 PHB g/L / 15.64% PHB) (Table1).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Production of PHB in nutrient broth supplemented with different carbon sources. 
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Table 1: PHB production of strain PE3 in N-deficient media supplemented with raw 
materials. 
 

C-source PHB (g/L) DCW (g/L) Yield of PHB (%) 
Molasses 1.05 2.15 49.37 
Crude glycerol 0.42 1.67 15.64 
Pure glycerol 0.45 1.43 32.82 

 
Identification of PHB-producing strains 
Based on 16S rDNA gene sequences bacterial isolates PE3, PPL2, PMK5 and PMS3 were 
identified as Bacillus cereus and strain PMK1 was Lysinibacillus sphearicus (Figure 3). 
Strains PE3, PPL2, PMK5 and PMS3 showed 99-100% homology with B. cereus ATCC 
14579. Whereas, strains PMK1 showed 99% homology with L. sphearicus strain 13630F. 
Strain PE3 with the suitable for PHB production was chosen for the morphological and 
physiological characteristic. This strain was aerobic, rod-shaped, and Gram positive and 
spore-forming. The phenotypic characteristics of strain PE3 was compared with those of      
B. cereus. After comparison, strain PE3 was identified as B. cereus strain PE3. Most 
characteristics of strain PE3 and B. cereus (Priest et al., 1988) were similar (Table 2), but 
strain PE3 were different some characteristics, biochemical tests and growth on few 
carbohydrates. 
 
Table 2: Characterization of strain PE3 compare with B.cereus 
 

Characterization PE3 B.cereus* Characterization PE3 B.cereus* 
Morphological    Physiological    
- Shape Rod Rod - Indole - - 
- Gram staining + + - Catalase - + 
Growth conditions   - Oxidase + + 
- Optimum temp. (oC) 30-37 37 - Methyl Red + + 
- Optimum pH 6-8 6-8 - Rhizoid growth - NR 
- Optimum NaCl (%,w/v) 0-5.0 <2.0 - Toxin crystal - NR 
Physiological    Growth on   
- Vogas Proskauer + + - Glucose + + 
- Citrate - + - Sucrose + + 
- Hydrolysis starch + + - Lactose        -         - 
- Hydrolysis casein + + - Arabinose +a NR 
- Hemolytic activity + NR - Xylose +a - 
- Nitrate + NR - Glycerol + + 
- Tyrosine + NR - Molasses + NR 
 
*Data of B.cereus was reported by Priest et al. (1988), NR = not reported. 
a This strain grew slightly on xylose and arabinose as carbon sources. 
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Figure 3: Phylogenetic trees constructed using 16S rDNA gene sequences of PHB-producing 
strains. The tree was constructed by MEGA 4.1 using a neighbor-joining algorithm with 
1,000 bootstrappings. The scale bar represents 0.01 substitutions per nucleotide position. 
Numbers at the node are the bootstrap values (%). 
 
Structure Determination of the PHB extracted from B. cereus strain PE3. 
The structure of PHB was determined by FTIR, 1H NMR and 13C NMR spectral analyses.  
The IR spectrum of PHB revealed absorption bands at 1723 and 1216 cm-1 for C=O and C-O-
C, respectively which are characteristics of ester bond (Figure 4). The 1H NMR spectrum 
consisted of three groups of characteristic signals of PHB, a doublet at δ 1.19 integrating for 
three protons ascribed to the methyl group, two doublet of doublet at δ 2.40 and δ 2.53 
integrating for two protons attributed to the methylene group, and a multiplet at δ 5.12-5.23 
integrating for one proton assigned to the methane group. The 13C NMR spectrum confirmed 
the structure of PHB with the presence of an ester carbonyl signal at δ169.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: IR spectrum of the PHB extracted from strain PE3. 
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Discussions 
 
Two hundreds isolates from soil samples were screened for PHB production which 64, 26 
and 24 isolates showed PHB accumulation in cells on Sudan Black B, Nile blue A and Nile 
red plate assay, respectively. Rapid staining methods were made to screen efficient PHB-
producing bacteria isolated from diverse environmental samples (Wang and Bakken, 1996). 
All positive isolates from Nile red plate assay were used for PHB production on nutrient 
broth and the results showed that 5 selected isolates (PE3, PPL2, PMK1, PMK5 and PMS3) 
produced a higher amount of PHB than other bacterial strain and positive controls when 
cultivated in glucose. Two bacterial isolates; PMS3 and PE3, were found to produce the 
highest PHB yields when sucrose and glucose were used as carbon sources, respectively. 
PMS3 and PE3 were isolated from soils in mangrove and forest, respectively. The 
environmental variation of organic matter of mangrove and forest ecosystems that soils are 
higher content of organic matter than nitrogen or phosphorus sources which bacterial under 
unbalanced growth conditions might have a role to bacteria in adaptation of cell growth to 
PHB production. The strains PE3, PPL2, PMK5 and PMS3 were identified as B. cereus. Only 
one strain PMK1 was identified as L. sphearicus. To date, a few researchers have been 
reported on PHB production in this strain. In this present study, two strain of B. cereus 
showed high PHB accumulation as well as when compared with other Bacillus sp. strains like 
B. cereus SPV (41.9% PHB yield) (Valappil, 2007) and B. cereus CFR06 (46.0% PHByield) 
(Halami, 2008) reported so far. PE3 also showed the highest yield of PHB by cultivation in 
N-deficient medium, which was higher than PHB yields in other nutrient limited medium. 
With regard to nutrient limitation, Shivakumar and Gowda (2013) has been reported that N-
deficient medium was the best medium for PHB accumulation by B. thuringiensis which is in 
agreement with our results. Thus in all the limiting conditions used, we suggested that N-
deficient can trigger PHB production in this strain. Interestingly, this strain showed a yield of 
49.37% and 15.64% in the production of PHB when cultivated with raw material such as 
molasses and crude glycerol, respectively. The production of PHB using agro-industrial 
residues has also been studies using molasses and crude glycerol (Koller et al., 2005; 
Kulpreecha, 2009).  
 
Conclusion  
 
In this study, four strains of B. cereus and one strain of L. sphearicus were selected based on 
their capacity of PHB production. One of them, B. cereus strain PE2 demonstrated to produce 
the highest PHB from glucose and also utilized cheap carbon sources such as molasses and 
crude glycerol for PHB production under nitrogen deficient medium. Molasses was a good 
source for PHB production although the PHB yield of molasses less than glucose but it could 
to cut down cost and decreased agro-industrial wastes.  
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