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Abstract 
Polyhydroxybutyrate (PHB) is bio-based, biodegradable and biocompatible polymer. It is an 
attractive member for an environment friendly replacement of non-biodegradable synthetic 
plastics. In this study, 21 microorganisms were isolated from hot spring situated in Kasol, Himachal 
Pradesh, India. Bacterial isolates were selected for the studies on Polyhydroxyalkanoates based on 
the Sudan Black B staining as a primary screening test. The isolates were screened for their ability 
for PHB production in Davis Minimal Medium containing 2% glucose. Extraction of PHB was carried 
out using sodium hypochlorite digestion method. The concentration of PHB in extracted sample 
was quantified by UV-Visible spectrophotometer based Crotonic acid assay, which resulted in 
selection of two potential isolates for further studies. FTIR (Fourier Transform Infrared 
Spectroscopy) was employed to know functional groups in extracted crude PHB preparation. 
Morphological & biochemical characterisation and 16S rRNA gene sequencing of PHB producing 
bacteria was performed to know their taxonomic positions. The two isolates were identified as 
Geobacillus thermoglucosidasius and Geobacillus toebii. It can be concluded that thermophiles 
Geobacillus thermoglucosidasius and Geobacillus toebii may be potential candidate for the PHB 
production. 
 
Keywords  
Crotonic acid assay, FTIR, Geobacillus thermoglucosidasius, Geobacillus toebii, 
Polyhydroxyalkanoates. 

***** 
 

INTRODUCTION:   

We can look at plastic invention as one of the 

milestones in the history of civilization. Birth of plastic 

was responsible for expansion of various industries as 

well as it had made drastic changes in our day to day 

lives. Alexander Parkes is remembered as father of 

plastic. Plastic manufacturing requires the major raw 

material such as oil and natural gas. These are typically 

organic polymers of high molecular mass, and they are 

commonly derived from petrochemicals. Plastic is 
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resistant to chemicals, thermal and electrical 

insulators, light in weight. Due to these properties, 

plastic contributes to the health and safety of 

consumers in food and water packaging applications. 

Plastics can also be used to improve the performance 

and reduce the costs of building materials; examples 

of this include lightweight fixings, window and door 

frames, fixtures and insulation materials. [1]  

However, there is dark side of use of plastic 

manufacturing of plastic require tons of 

petrochemicals, plastic materials are non-

biodegradable, non-biocompatible. Plastic materials 

are not degraded by action of solar UV radiations, but 

it gets fragmented into smaller plastics called 

microplastics. It can cause injury and death to birds, 

fishes and other creatures. Plastic hampers the growth 

of plants and trees by blocking absorption of minerals, 

nutrients and water [1]. Thus, such a large negative 

impact of synthetic plastic leads to development of 

bioplastic which is going to eliminate all problems 

related with use of synthetic plastics. Nowadays plastic 

is being one of the major environmental pollution. In 

order to avoid all these circumstances there is need of 

strong substitute of bioplastic i.e., Poly-3-

hydroxybutyrate (PHB). 

Lemoigne in 1925 discovered a linear polyester of D (-

)-3-hydroxybutyric named PHB. PHB is accumulated in 

the form of intracellular granules by a variety of Gram-

positive and Gram-negative bacteria under conditions 

of a limiting phosphorous and nitrogen elements and 

abundant carbon source. The general properties of 

PHB include biodegradability, biocompatibility, and 

resistance to ultraviolet light, solubility in chloroform, 

water insolublility and non-toxicity [2]. PHB is a best 

and effective biodegradable thermoplastic. Very less 

work is done on plant sources as promising source of 

PHB production [3]. Significant amount of PHA 

accumulation is reported for many representatives of 

the microbial domains growing under high salinity or 

extreme pH or extreme temperature conditions of 

both Archaea and Bacteria. PHA biosynthesis, from 

thermophilic bacterium Thermus thermophilus was 

studied by Pantazaki et al. [4].  PHB synthesis by the 

thermophilic bacterium Geobacillus sp. AY 946034 was 

studied by Giedraityte et al., this bacterium is able to 

grow at the temperatures up to 60 °C [5]. Haloferax 

mediterannei  can grow at high salinity and according 

to Koller et al. [6] is currently considered to be the 

most promising candidate for whey based PHA 

production on industrial scale. 

The present work deals with isolation of different 

types of PHB producing bacteria, extraction of PHB and 

its characterisation by FTIR. 

 

MATERIALS AND METHODS:  

Collection of samples: For the isolation of PHB 

producing bacteria, the water samples were collected 

from hot spring of Kasol, Himachal Pradesh, India. 

Isolation of bacteria: The water samples were 

appropriately diluted, and isolation was carried out by 

pour plate method using sterile nutrient agar medium. 

The plates were incubated at 37o C & 55 o C for 24 hrs. 

Isolated colonies were selected and subcultured on 

nutrient agar plate till further use.  

Screening of PHB producers:  All the isolates were 

screened for their PHB producing ability. For this 

purpose, these isolates were grown on PHA detection 

agar (Glucose, 20 g/l; KH2PO4 , 13.3 g/l; MgSO4, 1.3 g/l; 

(NH4) SO4, 2 g/l; Citric acid, 1.7 g/l; Trace elemental 

solution, 10 ml; Agar, 15 g/l; pH, 7). 

Screening by Sudan Black B staining: The thin smear 

of cell suspension was prepared on slide and air dried. 

The smear was stained with Sudan Black B solution and 

was allowed to stand for 10-15 min. The slide was air 

dred.. Then the slide was flooded with xylene and air 

dried. The slide was immersed in counter stain 

safranine for 5 minutes and then washed gently under 

tap water and air dried. The slide was observed under 

oil immersion microscope for detection of PHB 

granules [7]. Bacteria showing positive in bluish-black 

and negative in yellow orange (Figure 2). 

Characterization of PHB producing isolates:  Isolates 

were grown on nutrient agar plate and incubated for 

24 hours at 37˚C and 55˚C. These morphological 

characteristics of the colonies were identified by 

growing the bacteria on the nutrient agar medium and 

Gram character was identified using Gram Staining. 

Biochemical characterization was carried out using 

Bergey’s manual. The molecular characterization was 

done by 16S rRNA sequencing [8]. 

Media Ingredients and culture conditions: The PHB 

production was carried out using Davis minimal broth 

and 2 gm % dextrose. Sterile media were inoculated 

with one loopful inoculum and incubated on shaker at 

room temperature at 110 rpm. The themophilic 
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cultures were incubated on shaker at 600 C at 110 rpm. 

The bacterial isolates were incubated for seven days. 

Extraction of intracellular PHB: After 120 hrs of 

incubation at 370 C & 550 C, the cultures were collected 

in the sterile Falcon tubes. Then the samples were 

centrifuged at 4000 rpm for 20 minutes at 40 C. After 

centrifugation, supernatant was discarded, and the 

cell pellet was washed with acetone and ethanol (1:1). 

The cell pellet was dried overnight. Then, the cell pellet 

was digested by adding 10 ml 4% sodium hypochlorite 

for 30 minutes. After centrifugation at 4000 rpm for 20 

minutes at 40 C, the supernatant was discarded, and 

the precipitate was washed with acetone and ethanol 

(1:1). The precipitate was dissolved in chloroform and 

then the chloroform was allowed to evaporate [9]. 

Quantification of extracted crude PHB: 

Cell dry weight: After 120 hrs of incubation 370 C & 550 

C, the cells were collected and centrifuged at 4000 rpm 

for 20 minutes at 40C. Supernatant was discarded, and 

cell pellet was dried to estimate the dry cell weight 

(DCW) [10]. 

Residual Biomass: The residual biomass was estimated 

by using the following formula- 

Residual Biomass (gm/ml) = DCW (gm/ml) - Dry weight 

of extracted PHB (gm/ml). 

PHB accumulation: This is the percentage of 

intracellular accumulation of PHB is estimated by using 

the following formula- 

PHB accumulation (%) = Dry weight of extracted PHB 

(gm/ml)/ DCW (gm/ml) × 100 

Estimation of Concentration of PHB: Estimation of 

concentration of PHB was done by crotonic acid assay 

[11]. 

Qualitative Analysis by Thin Layer Chromatography: 

The sample was prepared by dissolving the 4µg 

extracted polymer sample in 60µl of hexane. The 

prepared sample was loaded on the TLC plates, pre-

coated with silica and it was placed in solvent system 

consisting of Ethyl acetate and Hexane (1:1). It was 

allowed to run for 40 minutes, after sufficient run the 

plate were removed and dried. And after drying, iodine 

vapours were used to stain PHB present in the sample. 

Presence of PHB was confirmed by appearance of 

brown spot on the TLC plate and Rf value was 

calculated. 

Characterization of extracted PHB: FTIR analysis was 

carried out to detect the different functional groups in 

PHB. This infra-red spectroscopy detects the 

characteristic vibration of chemical functional groups 

in the sample. FTIR spectrum was recorded using FTIR 

4100 typeA spectrophotometer [12]. 

 

RESULTS AND DISCUSSION: 

In the present study, morphologically distinct isolates 

were obtained from Kasol, Hot spring samples situated 

in Himachal Pradesh, India using routine 

microbiological isolation procedure (Figure 1). The 

isolated colonies were screened for PHB granule 

production ability by Sudan Black B staining.  Out of 21 

isolates screened, seven isolates were showed 

presence of intracellular PHB granules (Figure 2). In 

order to select isolates having maximum PHB 

production ability, seven isolates were investigated for 

PHB accumulation and percent PHB yield. Production 

of PHB was studied with Minimal Davis medium. 

Optimization of pH, temperature and incubation 

period was observed to be  7 , 55o C for 8 days 

respectively. PHB was extracted using Sodium 

Hypochlorite digestion method (Figure 3). After 

extraction, % accumulation of PHB showed that the 

Geobacillus thermoglucosidasius, Geobacillus toebii, 

B1, CB, T47, Yeast sp. and X1B isolates produces 

maximum PHB accumulation within the cell (Table 1). 

In order to quantitate PHB produced by each isolate 

under stated conditions crotonic acid standard dose 

response curve (data not shown) was obtained and 

used for extrapolating unknown concentration of PHB 

produced by isolates. It was found that thermophilic 

isolate Geobacillus toebii exhibited highest yield 

followed by Geobacillus thermoglucosidasius. (Table 

2). Thin layer chromatography (Figure 4) of extracted 

PHB showed the characteristic brown spots. The Rf 

values were calculated from the obtained spots found 

closer to the standard PHB. FTIR spectra of extracted 

PHB produced by isolate Geobacillus toebii and 

Geobacillus thermoglucosidasius shows all functional 

groups present in that of standard PHB i.e. C=O, C-O, 

CH2, CH3 (Figure 5).FTIR spectrum of extracted polymer 

from Geobacillus thermoglucosidasius shows peaks at 

1734.66/cm corresponding to C=O functional group 

whereas peak at 3000.69/cm and 2879.20/cm 

corresponds to C-H (SP2) and C-H(SP3) groups. FTIR 

spectrum of PHB extracted from Geobacillus toebii 

shows a characteristic sharp peak at 1734.66/cm and 

1217.83/cm which corresponds to C=O and C-O 

functional groups. The peaks obtained are nearly 
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similar to that of standard PHB at 1728/cm and 

1282/cm confirming that extracted polymer is PHB. 

The methane group gave strong band at 1366.32 The 

cumulative results of staining, crotonic acid assay, TLC 

and FTIR confirmed the extracted biological polymer as 

PHB. In order to investigate the economical production 

of PHB, utilising waste containing complex nutrients 

for the growth of selected isolates qualitative enzyme 

(amylase, protease, lipase) detection tests were 

performed. Geobacillus thermoglucosidasius and 

Geobacillus toebii were found to produce amylase and 

lipase. 

 

  

 

 
 
 
 
 

           (1) CB isolate           (2) Geobacillus toebii,              (3) Geobacillus themoglucosidasius 
Figure 1. Isolated colonies obtained by streak plate method on Nutrient agar medium incubated (1) 37 0 C and 

(2 and 3) 550 C temperature 

 

 

   

Geobacillus themoglucosidasius Geobacillus toebii CB 

Figure 2. Sudan Black B staining of PHB granules, showing presence of black granules within pink coloured 

cells. 

 

 

 
Geobacillus thermoglucosidasius 

 
Geobacillus toebii 

Figure 3. Extracted and dried PHB obtained from selected isolates. 
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Qualitative Analysis of extracted PHB by Thin Layer Chromatography 

 
 

Figure 4. TLC plate showing presence of PHB in Extracted sample. 

 

 

 

 

 

 

 

 

 

 

 

Characterization of extracted PHB by FTIR FTIR spectrum of  Geobacillus thermoglucosidasus  

Figure 5.1 (Culture-Geobacillus thermoglucosidasus) - FTIR spectrum of extracted polymer shows peaks at 

1734.66/cm corresponding to C=O functional group where as peak at 3000.69/cm and 2879.20/cm 

corresponds to C-H (SP2) and C-H(SP3) groups. 

FTIR spectrum of Geobacillus toebii. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2 (Culture-Geobacillus toebii) - FTIR spectrum of this particular sample shows a 

Characteristic sharp peaks at 1734.66/cm and 1217.83/cm which corresponds to C=O and C-O functional 

groups.The peaks obtained are nearly similar to that of standard PHB at 1728/cm and 1282/cm confirming 

that extracted polymer is PHB. The methane group gave strong band at 1366.32 

 

 

 

Spot showing  

presence of PHB in crude  

extracted sample. 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


          

 
 

 
International Journal of Pharmacy and Biological Sciences                                                               Niranjan P. Patil* et al 

  

                                                                                                                             www.ijpbs.com  or www.ijpbsonline.com 
 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

184 

Table.1 Percentage accumulation PHB in 9 isolates. 

Name of the bacterial isolate % accumulation of PHB 

Geobacillus thermoglucosidasus 82% 

Geobacillus toebii 81.08% 

T47 80.5% 

B1 78.12% 

CB 76.11% 

Yeast sp. 74.46% 

X1b 65.41% 

 

Table. 2 Concentration of PHB obtained from each extracted sample from different isolates.  

Name of the bacterial isolate PHB yield (µg/80 ml) 

Geobacillus toebii 15.24 

Geobacillus thermoglucosidasius 12.5 

T47 9.1 

CB 8.78 

B1 2.15 

Yeast sp. 2.43 

X1b 1.04 

 

The present study emphasizes isolation of 

microorganisms capable of accumulating PHB in 

limiting concentration of N, P, O but in the presence of 

excess carbon source. Further the study is directed in 

selecting thermophilic isolates having PHB production 

attribute. Giedraitytė et.al (2015) investigated PHB 

production ability  thermophilic Geobacillus sp. AY 

946034 and it was found to accumulate 68.9% of cell 

dry weight PHB [5]. Our isolates Geobacillus toebii 

(81.08 %) and Geobacillus thermoglucosidasius (82%) 

accumulated higher amount of PHB in the cells. To our 

best of knowledge, we are reporting production of PHB 

by Geobacillus toebii for the first time. According to 

Gomes et.al (2016) use of thermophilic isolate can 

result in reduction in the risk of contamination by 

mesophilic microorganisms in biotechnological 

processes, with reference to this thermophilic, 

Geobacillus toebii and Geobacillus 

thermoglucosidasius may have added advantage over 

the mesophilic PHB producing microorganism [13]. 

There is a need of low-cost substrate, for making the 

PHB synthesis process more economical, one of the 

ways of achieving this could be use of cheap carbon 

sources such as wastewater. Wastewater contains 

many complex substrates such as starch, lipids etc. As 

Geobacillus toebii and Geobacillus 

thermoglucosidasius have ability to utilize complex 

substrate such as starch and lipid, wastewater might 

be implemented for the production of PHB. According 

to the literature survey, production of PHB from 

Geobacillus toebii is studied for the first time as there 

were no earlier reports found for the same.  

 

CONCLUSION: 

The problem of pollution of the environment due to 

use of non-biodegradable plastic can be solved by 

replacing the non- biodegradable plastic with the 

biodegradable plastic. Use of PHB can be considered as 
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a promising alternative for this purpose. Geobacillus 

toebii and Geobacillus thermoglucosidasius may be 

considered as useful in the process of making of 

bioplastic because of their ability to produce high 

amount of PHB. Geobacillus toebii and Geobacillus 

thermoglucosidasius being thermophile have an added 

advantage in the biotechnological process, as there   

might be less chances of contamination by mesophilic 

microorganisms. 
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