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Abstract: The amount of plastic waste increases every year and exact time for its degradation is unknown. Out
of a total of 300 isolated strains one strain was selected for PHB production in different conditions like carbon
source, nitrogen source and incubation temperature and time. When PHB production conditions were optimized
with different carbon and nitrogen sources, the highest PHB production was observed with raffinose and
peptone. Regarding incubation time and temperature and pH, optimum PHB production conditions were 72h,
30°C and 7.0, respectively. The isolate was characterised biochemically as Bacillus species. The present study
provide the useful data about the optimized conditions for PHB production by Bacillus species that can be
utilized for industrial production of PHB, a fast emerging alternative of non biodegradable plastics.
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INTRODUCTION plastic including fine chemicals, plastics, printing

Plastics have become an important part of modern life fields [4]. PHB is a carbon and energy source for some
and are used in different sectors of operations like bacteria under stress conditions. PHB is found to
packaging, building materials, consumer products and accumulate in large number of microorganisms as reserve
many more. Each year, about 100 million tonnes of plastics food material e.g. Ralstonia eutrophes, Azotobacter
are produced worldwide. Demand for plastics in India beijerinckia, Bacillus megaterium, Pseudomonas
reached about 4.3 million tonnes in 2001-2002 and is oleovorans and various nitrogen fixing microorganisms
expected to increase and the exact time for their found in root nodules of legumes plant family [5-6].
degradation is unknown [1]. Presently plastic and Due to similarity in physical property with synthetic
synthetic polymers are mainly produced by using the polymer, it is possible to use PHB in high scale. But the
petrochemical material that cannot be decomposed easily. high production cost of PHB, restrict its wider application.
Thus, they contribute to the environmental pollution and Therefore alternative strategies such as optimisation of
also are dangerous to a number of animal species. The temperature, time, pH, carbon and nitrogen sources and
increased cost of solid waste disposal as well as the other growth conditions and easier downstream
potential  hazards  from incineration of wastes such as processing methods are required for reducing the cost.
dioxin emission from PVC makes synthetic plastic waste Keeping this in mind, the present study was planned to
management a problem [2]. The use of non biodegradable isolate PHB producing microorganisms and optimize the
plastics causing the environment pollution, hence culture condition such as incubation time, temperature
biodegradable plastics have emerged as a useful and pH, carbon and nitrogen sources for maximum PHB
alternative to overcome the environmental pollution. production.

During the last decade, environmental pollution and
exhaustion of non renewable resources have created MATERIALS AND METHODS
much interest in natural materials like Poly -
hydroxybutyrate as a biodegradable. The physical Isolation and Identification of PHB Producing Bacteria 
properties of the PHB are similar to those of some Isolation: Soil samples (25nos) were taken 0-10 cm
conventional plastic [3]. Because of their good beneath the surface of different field area. Samples were
biodegradability and biocompatibility PHB have attracted stored at room temperature until analysis. One g of soil
interest in their use as an alternative to petroleum based sample was taken for analysis and suspended  in  99  mL

materials bio fuel, agriculture, marine, medical and other
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of sterile water and shaken vigorously for 2 min. The Optimization of Incubation Temperature: The inoculated
suspensions were serially diluted in sterile water and cultures in production medium were incubated at different
dilutions from 10  to 10  was plated out on the modified temperature viz. 20, 30, 40 and 50°C for temperature-1 -6

nutrient agar medium [(w/v) beef extract 0.3%, peptone optimization. After 72 h of incubation, growth and PHB
0.5%, sodium chloride 0.8%, glucose 1% and agar 1.5%] production were determined and optimum temperature
and incubated at 35°C for 3 days. Morphological was selected.
dissimilar colonies were purified and preserved on
nutrient agar slant at 4°C. Optimization of Incubation Time: After the optimization

Microscopic Visualization of PHB-producing Bacteria: different time ranging from 24 to 120 h in optimized
PHB producing bacteria were detected using the lipophilic condition. At each time point (24, 48, 72, 96 and 120 h),
stain Sudan black B [7, 8]. The isolates which were found cultures were tested for growth and PHB production and
positive for PHB production after staining with the Sudan the growth and PHB productions were recorded.
Black B were further confirmed by the staining with Nile
Blue A, a more specific dye, for the staining of PHB PH Optimization: For pH optimization, cultures were
granule [9]. The orange florescence confirmed the incubated in carbon rich nutrient medium with different
presence of PHB granule. The positive isolates were pH i.e. 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 and 8.0. Each culture was
transferred to nutrient agar slants. taken from different flask and PHB production was

Extraction and Determination of PHB: After 72 h of
growth in carbon rich nutrient broth at 30°C, 50 mL of Optimization of Carbon and Nitrogen Sources for PHB
culture  was  collected  and   centrifuged   at 8000 rpm for Production: Effect of media ingredients like carbon and
15 min. The supernatant was discarded and the pellet was nitrogen sources on PHB production was determined by
treated with 10 mL sodium hypochlorite and incubated at simply replacing the carbon source with other carbon
50°C for 1h. After incubation, the mixture was centrifuged sources (glucose, sucrose, mannitol, raffinose, xylose,
at 12000 rpm for 30min and washed sequentially with galactose, lactose) and nitrogen source with other
sterile distilled water, acetone and alcohol. Finally the nitrogen sources (peptone, tryptone, ammonium sulphate,
residue was extracted with boiling chloroform and filtered ammonium acetate, diammonium hydrogen phosphate,
through pre-wetted Whatmann No.1 filter paper. The ammonium dihydrogen phosphate, ammonium
chloroform extract was evaporated to dryness. persulphate and Ammonium chloride). 
Determination of PHB yield was performed by dry weight
estimation. The UV absorption spectrum of PHB was RESULTS
analyzed following its conversion to crotonic acid by
treatment with conc. H SO  and absorbance was measured Isolation  and  Biochemical   Characterization of2 4

at 235nm [10]. Isolates:  The  microbial  isolates  positive  for  Sudan

Identification of Bacteria: On the basis of PHB screening screened  for  PHB  production  and   the   results
method and PHB production, one isolate from garden soil obtained     (Table     1)      showed    that     the    isolate
was selected for further identification and optimization of (NG  05,  from  garden  soil)   produced   5.311/L of PHB
culture conditions for maximum PHB production. The after 72h of incubation. The isolate was further
Bacillus megaterium was taken as a positive standard. characterized    biochemically    and    was    found
Biochemical identification of the isolate was done Bacillus sp.
according to Flora et al [11], [12].

Optimization of Culture Conditions for PHB Production by Bacillus sp: Figure 1 shows the effect of incubation
by the Bacillus sp.
Cell Dry Weight: The 50mL of culture media was
centrifuged, the supernatant was discarded and the cell
pellets washed with distilled water. The washed pellet was
resuspended in 1mL of distilled water, transferred to pre
weighed boat and dried to constant weight at 50°C.

of different growth conditions, isolate was incubated for

determined.

black B and Nile Blue A stains were quantitatively

Optimization of Cultural Conditions for PHB Production

time on PHB production by the Bacillus sp. The PHB
yields increase with time dependent manner and highest
yield 5.311 g/L was obtained after 72h of growth. Figure 2
shows that incubation at 30°C was found to be optimum
and has produced 5.311 g/L after 72h of incubation under
stationary conditions of growth.
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Fig. 1: Effect of Incubation time on PHB production by production by Bacillus sp. after 72h of incubation
Bacillus sp. at 30°C under stationary conditions of at 30°C at pH 7.0 under stationary condition of
growth. Growth.

Fig. 2: Effect of incubation temperature on PHB
production by Bacillus sp. after 72h incubation Fig. 5: Effect of different Nitrogen source on PHB
under stationary condition of Growth. production by Bacillus sp. after 72h of incubation

Fig. 3: Effect of pH on PHB production by Bacillus sp.
after 72h incubation at 30°C under stationary
condition of Growth.

As shown in Figure 3 the maximum PHB production
occurred at a pH range of 6.0-7.0 at 30°C after 72h of
incubation.

The highest PHB production was observed with the
raffinose and lactose as C source 60.57% and 59.52% the
lowest PHB production 29.17% was obtained with maltose
on dry cell weight basis (Figure 4)

From the analysis of table 2, it is clear that isolate
Bacillus sp. producing maximum biomass with starch and
glactose but producing maximum PHB with lactose and
raffinose (Table 2). 

Fig. 4: Effect of different carbon source on PHB

at 30°C at pH 7.0 under stationary condition of
Growth.

Table 1: Bacterial isolates showing PHB production 

Isolate Habitats PHB g/L

NG 05 Garden soil 5.311
NG 132 Cattle shed soil 5.308
NG 137 Rhizosphere soil 5.308
NG 259 Leguminous crop rhizosphere 5.307
NG 276 Leguminous crop rhizosphere 5.283
NG 278 Sorghum rhizosphere 5.295
NG 298 Millets rhizosphere 5.267

Table 2: PHB production by Bacillus sp. with different carbon sources

Carbon Source Dry cell weight (g/L) PHB (g/L) % PHB (w/w)

Dextrose 12.58 5.02 39.90
Xylose 13.408 5.02 37.44
Sucrose 9.316 4.97 53.35
Rhamnose 9.402 5.01 53.28
Mannitol 9.942 5.00 50.29
Maltose 8.636 4.88 56.51
Lactose 8.502 5.06 59.52
Mannose 9.114 4.97 54.53
Glactose 15.494 4.92 31.75
Starch 17.312 5.05 29.17
Raffinose 8.37 5.07 60.57
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Table 3: PHB production by Bacillus sp. with different nitrogen sources
Nitrogen source Dry weight (g/L) PHB (g/L) % PHB (w/w)
NH CONH 13.342 5.114 38.332 2

Tryptone 21.528 5.108 23.72
Peptone 07.584 5.423 71.50
NH SO 15.096 5.165 34.214 4

NH Cl 13.62 5.191 38.114

(NH ) HPO 10.004 4.914 49.124 2 4

NH H PO 17.082 5.051 29.564 2 4

NH S O 30.38 5.134 16.904 2 8

As shown in Figure 5 Bacillus species Isolate
accumulated maximum PHB in carbon rich nutrient media
supplemented with 1% (w/v) peptone (71.50% of cell dry
weight) and lowest with ammonium per sulphate (16.90%
of cell dry weight) (Table 3).

DISCUSSION

Most of the plastics and synthetic polymers are
produced from petrochemicals. Because of their
persistence in the environment, several communities are
more sensitive to the impact of discarded plastics on the
environment. Consequently, for the past two decades,
there have been growing public and scientific interests in
the development and use of biodegradable polymers as an
ecologically useful alternative to plastics [13].

Natural polymers are synthesized and accumulated
by a diverse group of microorganisms. Hydroalkanoic
acids have been detected in some microorganisms and if
they are exploited for optimized PHB production this may
reduce production cost and help in large scale uses.
Keeping this in mind, in this paper we optimized the
conditions for PHB production by the isolated microbe of
Bacillus species. In the present study, bacteria were
isolated from the different soil samples on nutrient agar
medium supplemented with 1 per cent glucose. While,
Sujatha et al. [14] reported that Luria Bertani broth
supplemented with 2% glucose, favour PHB accumulation
due to higher C: N ratio.

During optimization study the maximum PHB yield
was obtained after 72 h of incubation of isolate in nutrient
medium under stationary conditions of growth and
decreased thereafter. This reduction in PHB production
after 72 h may be due to lack of micronutrients as well as
increase in metabolites that might have negative effect on
the PHB production [11].

In the present study, the results of PHB yields at
different temperature conditions are in accordance with
Grothe et al. [15]. They found that 33°C incubation
temperature is optimum for PHB synthesis under

fermentation condition. The data from our study also
concluded that 30°C was the optimum temperature for
PHB production. The influence of pH of culture media on
PHB production was also optimized and highest
production was obtained at pH range of 6.0 -7.0. Grothe et
al. [15] reported that pH value ranging from 6.0-7.5 is
optimum for PHB production by Alcaligens latus. Nakata
[16] reported that PHB production occurs at a pH 6.4 and
that  the  lack  of  polymer  accumulation at higher pH
value can best be explained by an effect on the
degenerative  enzymes  of  polymer  breakdown, so that
the  PHB  is utilized at the rate almost equal to the rate of
its synthesis.

In the present study the isolate produced the
maximum PHB by utilization of raffinose sugar. These
results  are  also  supported  by  the  finding   of  the Full
et al.  [17]  who  utilized   the   raffinose   as  a major
carbon source for the isolation of PHB producer
microorganisms and many of isolates were Bacillus
species  and  produce  the Polyhydroxyalkanoate. Prashad
et  al. [18] utilized peptone for growth and PHB
production  by Azotobacter chroococcum and our study
also reported  the maximum PHB production using
peptone as nitrogen supplement. Based on the above
results, it can be conclude that optimum culture
conditions for PHB production by Bacillus sp. are pH 6.0-
7.0, temperature 30°C in nutrient broth supplemented with
raffinose and peptone. Thus by utilizing the optimum
culture conditions we can solve the problems of high cost
of PHB production. 
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