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Abstract 
 
Polyhydroxybutyrate (PHB) is an energy and carbon storage material accumulated 
intracellular by numerous microorganisms under unfavorable growth condition in the 
presence of excess carbon source. The increase in global biodiesel production makes it 
imperative for the development of sustainable processes for the use of its main by-product, 
crude glycerol. In this study crude glycerol as carbon source was used to isolate PHB-
producing bacteria (C11, D11, D12, B31, C31, D31, D32, D33) from the soil collected from 
around the Faculty of Engineering and Industrial Technology, Silpakorn University, Nakhon 
Pathom, Thailand. Strain D33 showed the maximum PHB concentration and PHB content at 
0.0228 mg/mL and 2.59%, when it was cultivated in 250 mL Erlenmeyer flask containing 50 
mL of N-free medium in rotary shaker at 150 rpm and 37 °C for 48 h. 
 
Keywords: biodiesel, crude glycerol, polyhydroxyalkanoates (PHAs), polyhydroxybutyrate 
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Introduction 
 
The probable scarcity of fossil fuels in the future, combined with concerns over the 
consequences of dependency on this type of energy source, in terms of changes in the Earth’s 
climate have forced the world to find alternatives those are less harmful to the environment. 
Renewable energy sources, especially vegetable fuel, have appeared as important alternatives 
(Carlos et al., 2013). The main by-product of biodiesel production is crude glycerol, 
generated from the transesterification of vegetable or animal fats and oils. For an annual 
production of 150 million gallons per year, an amount of 50 million kg of crude glycerol is 
generated. Crude glycerol from biodiesel has a relatively low value due to the presence of 
impurities (João et al., 2009). Crude glycerol principally consists of residual ethanol or 
methanol, glycerol, fatty acid ethyl (or methyl) esters, and residual fatty acids. In regard to 
converting this resource to a commodity, these carbon sources are direct precursors for the 
bacterial synthesis of polyhydroxyalkanoates (PHAs) (Zachary et al., 2011). 
Polyhydroxyalkanoates (PHAs) can be produced from renewable resources through a 
fermentation process under restricted growth condition for nitrogen, phosphorus, sulfur 
and/or oxygen in the presence of an excess carbon source, and they can also be completely 
biodegraded by many microorganisms. PHAs are stored in forms of granules by bacteria and 
can account for up to 80% of the total bacteria dry weight. Polyhydroxybutyrates (PHB) were 
the first types of PHAs discovered and the most widely studied. PHB has similar properties to 
conventional plastics like polypropylene or polyethylene, and it can be extruded, molded, 
spun into fibers, made into films, and used to make heteropolymers with other synthetic 
polymers (John et al., 2011), but its production costs are higher than those of petrochemical 
plastics. The carbon source could account for 25-45% of the total production cost (Javier et 
al., 2013).Wider use of PHB requires a less expensive product; hence, the improvements of 
fermentation strategies, low-cost media, and easier downstream recovery methods are needed 
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(Enrico et al., 1999).The main objective of this study was to isolate and characterize PHB-
producing bacteria in soils collected from the Faculty of Engineering and Industrial 
Technology, Silpakorn University, NakhonPathom, Thailand. The effects of crude glycerol 
on the PHB production in seven selected isolates were also studied. 
 
Methodology 
 
Soil collection sites 
Soil samples were collected from several sites around the Faculty of Engineering and 
Industrial Technology, Silpakorn University, Nakhon Pathom, Thailand. The surface soil (top 
5-10 cm depth) was collected in sterilized sampling tubes and stored at -20 °C until use. 
 
Isolations of bacteria from the soil samples 
The soil suspensions in sterilized distilled water were prepared and plated on C2M agar plates 
containing 50 mL crude glycerol, 3 g meat extract, 5 g polypeptone, 2 g yeast extract, 2 g 
NaCl and 20 g bacteriological agar per litre of culture medium. The pH was adjusted to 7 
with HCl or NaOH. The agar plates were then incubated at 37 °C for 24 h until bacterial 
colonies were observed. All single colonies were picked from the plates and maintained at 4 
°C. 
 
Screening of bacterial isolates for PHB production 
Their ability to synthesize PHB was determined using C2M agar plates containing Nile red 
(0.5 µg/mL) (Spiekermann et al., 1999). The plates were incubated at 37 °C for 24 h, and 
viewed under UV light to detect the PHB production based on fluorescence emitted by the 
bacterial colonies. The purified bacterial isolates were screened for PHB production by 
culturing them in C2M agar plate. Each isolate was first grown in 5 ml C2M broth medium 
(containing 50 ml crude glycerol, 3 g meat extract, 5 g polypeptone, 2 g yeast extract, 2 g 
NaCl per litre of culture medium. The pH was also adjusted to 7 with HCl or NaOH). It was 
incubated at 37 °C with shaking rate at 150 rpm for 24 h. The 10% (v/v) (OD600 = 0.5) of 
seed cultures were inoculated into 50 mL NBG medium (containing 15 mL nutrient broth, 5 g 
(NH4)2SO4, 10 mL crude glycerol per litre of culture medium. The pH was also adjusted to 7 
with HCl or NaOH.) (Kenji et al., 2002). The cells were spun down (4000 × g, 15 min), 
washed twice with sterilized 0.85% NaCl, and then transferred to N-free medium 
(containing10 mL K-Pi stock, 25 mL Ca-Mg stock, 10 mL MOPS-Tris stock, 1 mL Hutner’s 
trace element stock, 10g crude glycerol per litre of culture medium). It was incubated at 37 
°C with shaking rate at 150 rpm for 48 h to allow for PHB accumulation in their cells. 
 
Estimations of total biomass, PHB concentration and PHB content 
The cells with PHB accumulations were harvested by centrifugation at 4000 × g for 15 min. 
The cells were washed twice with distilled water before drying in an oven at 80 °C until 
constant mass. This cell dry weight (CDW) gave a measure of the total biomass generated. 
The PHB was extracted from cells by 1 mL NaOCl at 37 °C for 1 h. The mixture was added 
with 4 mL distilled water. The released PHB was extracted into 5 ml chloroform at 100 °C 
for 30 second. These result showed in three separate phases. The PHB was recovered from 
the bottom phase that contained PHB dissolved in chloroform (Javier et al., 2013). After 
chloroform evaporation, the precipitated form was used to analyses for the PHB 
concentration by adding 3 mL of concentrated H2SO4 and heated in a boiling water bath for 
10 min to oxidize PHB to chrotonic acid and cooled. The chrotonic acid formed was 
quantified by measuring the absorbance at 235 nm using a spectrophotometer. The PHB 
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concentration was calculated by comparing with the standard curve using the PHB standard 
from Sigma. The PHB content was defined as the percentage of PHB mass in cell dry weight. 
 

y = 0.0542x 
Where, y is OD 235 nm, x is PHB standard concentration (µg/mL). 
 
Results 
 
In this study, The total 8 isolated bacteria (C11, D11, D12, B31, C31, D31, D32 and D33) 
isolated from soils around the Faculty of Engineering and Industrial Technology, Silpakorn 
University, Nakhon Pathom, Thailand were screened for PHB accumulation. Figure 1 shows 
bacterial cells (D33) containing PHB fluoresced when grown on C2M agar plates containing 
Nile Red (0.5 µg/mL) and crude glycerol as a carbon source for 24 h at 37 °C. 

 
Figure 1 Bacterial cells (D33) containing PHB fluoresced when grown on C2M agar plates 
containing Nile Red 
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Figure 2 The strain D33 under microscope by Gram strain method. 
 
Figure 2 shows the strain D33 under microscope by Gram strain method. Strain D33 is gram 
negative rod. The cell growth was determined by cell dry weight (CDW). The PHB 
concentration was determined by the above method, and the total PHB contents, determined 
as the proportion of bacterial CDW and PHB concentration were calculated. Figure 3 shows 
cell dry weight (g/L), PHB concentrations (mg/mL) and PHB content (%) by PHB ˗ 
producing bacteria (C11, D11, D12, B31, C31, D31, D32 and D33) grown on N˗free medium 
in rotary shaker at 150 rpm and 37 °C for 48 h. Strains D33 showed the high potential for 
PHB synthesis with the PHB concentrations and PHB content at 0.0228 mg/ml and 2.59% 
respectively. 
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A) 

 
B) 

 
C) 

 
 
Figure 3 Production of PHB by PHB-producing bacteria (C11, D11, D12, B31, C31, D31, 
D32 and D33) grown on N-free medium in rotary shaker at 150 rpm and 37 °C for 48 h. (A) 
Cell dry weight (g/L), (B) PHB concentration (mg/mL) and (C) PHB content (%). 
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Discussions 
 
This work showed that strain D33 was able to grow and to accumulate PHB using crude 
glycerol as a carbon source derived from the production of biodiesel. Strain D33 showed the 
maximum PHB concentration and PHB content (0.0228 mg/ml and 2.59%) at 10 g/L crude 
glycerol concentration after shaking at 150 rpm, 37 °C for 48 h. John A.P. et al. (2011) report 
the maximum accumulation of PHB when crude glycerol was used as suitable source by C. 
necator. Shen L. et al. (2009) also reported PHB production by C. necator JPM 134 using 
industrial waste (crud glycerol) as carbon source. João et al. (2009) reported the maximum 
PHB production was observed in 40 g/L crude glycerol by C. necator DSM 545. 
 
Conclusions 
 
The strain D33 can be used crude glycerol as carbon source for production of PHB. It would 
thus be of interest to characterize the polymer produced by D33 strain through 1H NMR, 
FTIR and to compare with the commercial PHB. 
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