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from soil, water, dust, air and many foods. Being first described over 100
years ago B. megaterium has been an attractive choice for scientific as well
as industrial applications. The study aimed at isolating a potential
polyhydroxybutyrate (PHB) accumulating B. megaterium strain and
optimization of process parameters for increased PHB production by the
strain. Among different four substrates exploited for optimization study,
Wheat bran and cotton seed oil cake found to be best for PHB accumulation.
Use of ANOVA “one variable at a time” for optimization studies suggested
the significant factors that influenced the PHB production by Bacillus

megaterium.

Introduction

Use of plastics has become vital in our day-
to-day life. These petrochemical plastics
cannot be decomposed easily & persist in
the environment for many years thus
contribute to the environment pollution.
Hence biodegradable plastics have emerged
as an alternative to overcome this problem.
The history of biopolymers in bacterial cells
goes back to Beijerinck in 1888 with the
observation of the granules as refractile
bodies in Dbacterial cells under the
microscope. However, the Polyhydroxy-
alkanoates composition was established by
Lemoigne in 1926 (Lemoigne, 1926).
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Polyhydroxybutyrate (PHB) belongs to the
family Polyhydroxyalkanoates, which is also
known as Bioplastics. Several factors affect
the production cost of PHB, such as PHB
productivity, content & yield and the cost of
the carbon substrate. One possible strategy
for reducing costs is to utilize the alternative

substrates such as natural products,
industrial wastes and agro industrial residues
for PHB production by different

fermentation process(Castilho, Mitchell, &
Freire, 2009; Pandian et al., 2010). Solid-
state fermentation (SSF) is defined as any
fermentation process performed on a non-
soluble material that acts as physical support
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and source of nutrients (sometimes only as
physical support) in the absence or near-
absence of free flowing liquid.

Nowadays different agro industrial residues
like soy molasses, sugarcane molasses,
sesame oil cake, groundnut oil cake, corn
steep liquor etc., have been reported for
PHB production.(Full, Jung, & Madigan,
2006; Gouda, Swellam, & Omar, 2001;
Ramadas, Singh, Soccol, & Pandey, 2009;
Van-Thuoc, Quillaguaman, Mamo, &
Mattiasson, 2008) However, to the best of
our knowledge the production process and
optimization using agro wastes viz. Wheat
bran, Chickpeas chaff, Pigeon peas chaff
and Cotton seed oil cake with B.megaterium
in solid state cultivation has not been
reported yet for the production of PHB.
Therefore in this study we have selected
these agro-wastes as substrates.

Materials and Methods

Microorganism and maintenance:
Bacillus megaterium isolated from different
soil samples on Hichorme Bacillus Agar
(Himedia). Culture was maintained on
nutrient agar (Himedia) slant at 4°C. The
slants were sub-cultured once a month.

Inoculum: Bacillus megaterium inoculum
was prepared by transferring growth of the
fresh slant into 50 ml LB broth. The
inoculated flask was incubated at 37°C at
120 rpm for 12-18 h and 5ml of this pre-
grown culture used to inoculate production
medium.

PHB production using agro waste:
Experiments were setup in shake flasks for
production of the biopolymer as described
by Sathiyanarayan et al., (Sathiyanarayanan,
Kiran, Selvin, and Saibaba, 2013).The four
agro wastes as substrates selected for the
study are: Wheat bran, Chick peas chaff,
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Pigeon peas Chaff and Cotton seed oil cake
(COC). All the substrates were washed with
distilled water, autoclaved & dried in a hot
air oven at 60°C & grinded into fine powder.
These sterilized powdered substrates were
added as the sole carbon source and the
media was supplemented with minimal salts
trace element.

SSC (Solid State Culture) media was
developed for the optimization of PHA
production. The production of PHB was
performed duplicate in 250 ml Erlenmeyer
flasks.

To develop the SSC, 10 g dried substrate
mixed with 5 ml of trace element solution
(moistening media) and 10 ml of sterile
distilled water. The trace element solution
which contain in mg/ml of distilled water
viz.: Na;SOg4, 25 mg; FeSO4-7H,0, 25 mg,
MnSO4-4H,0, 4.06 mg; ZnSO4-7H,0, 4.40
mg; CuSQO4-5H,0, 0.79 mg; CaCl,-2H,0,
73.4 mg; pH 7.0. The contents were double
sterilized by autoclaving at 15 Ib for 20 min
and the sterilized solid substrates were
inoculated with 5ml of bacterial culture as
inoculum for one gram of substrate, mixed
properly and incubated at 30°C on a rotatory
shaker at 120 rpm for 24hrs.

PHB extraction & Quantification: PHB
extraction was done by using the dispersion
method of sodium hypochlorite and
chloroform (Law and Slepecky, 1961) (Law
& Slepecky, 1961). For the extraction of
polymer, 30 mL distilled water was added to
fermented substrate and stirred for 20 min,
filtered through whatmann paper and
remaining residues washed with 10 mL of
sterile distilled water and filtered. The
combined filtrates were centrifuged for 10
min at 8000 rpm and washed with distilled
water twice (Sathiyanarayanan et al., 2013).
The final bacterial pellet was used for PHB
extraction & quantification using
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Chloroform  extraction  method.(Hahn,
Chang, Kim, & Chang, 1994; Kunioka,
Nakamura, & Doi, 1988; Law & Slepecky,
1961; Williamson & Wilkinson, 1958) Cell
pellet was lysed by Sodium hypochloride at
37°C for 1hr. Obtained cell pellet was then
washed with water, acetone and alcohol
sequentially.. The remaining lipid granules
were transferred into boiling chloroform for
10 min (in hot water bath), which extract
PHB and dissolves any  residual
contaminants. This extraction is repeated
twice and the pooled extracts made up with
chloroform to 10 ml. The settled material
after evaporation of chloroform was dried at
40°C for 30 min. The white powder was
dissolved in concentrated H,SO4 (10 mL)
and heated for 10 min at 100°C. PHB
crystals are now converted to crotonic acid.
After cooling the sample was transferred to
lcm quartz cuvette and absorbance was
measured at 235nm against with crotonic
acid standard curve by using sulfuric acid as
blank in uv spectrophotometer (Norris &
Ribbons, 1971; White, 2010).

Optimization of physico-chemical
parameters for PHB production using
one-factor-at-a-time experiments

Evaluation of Upstream Process parameters
influencing the PHB accumulation was
studied by search one factor at a time
method.(Sathiyanarayanan et al., 2013) To
determine optimum conditions (like pH,
temperature, inoculums age, Ammonium
chloride concentration) experiments were set
up as described in above varying only one
parameter at a time in each experiment.

Statistical Analysis: Statistical analysis
(means) of the experimental data was carried
out by Data analysis ANOVA in Microsoft
excel 2007. ANOVA (one variable at a time)
was performed for each of the optimization
factors affecting the production of PHB by
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Bacillus megaterium. The P-values obtained
from optimization studies were used to
confirm the significant factors that
influenced the PHB production by Bacillus
megaterium.

Results and Discussion

Several cultural parameters were evaluated
to determine their effect on PHB production
in SSF fermentation. P-value was found to
be significant for all the factors (P<0.05
level of significance) except Incubation
temperature & NH4Cl  concentration
indicating the significant influence of all the
upstream parameters tested.

Evaluation of agro-industrial residues as
the carbon substrate

The use of readily available cheap agro-
industrial residues carbon sources may
reduce the higher production cost.
B.megaterium accumulated a significant
amount of PHB from a variety of carbon
sources. Among four agro waste substrates,
max PHB accumulation found in wheat bran
(2.02mg/ml) & nearly similar value found
from cotton seed oil cake (0.86mg/ml) also.
Low vyield of PHB found with Chickpeas
chaff (0.53mg/ml) & pigeon peas chaff
(0.44mg/ml). Therefore only two substrates
wheat bran & COC were selected for further
optimization study. (Graph 1)

Effect of incubation temperature on PHB
production

Effect of incubation temperature on PHB
accumulation was studied over a range of
temperature 25°C to 40°C.The data obtained
from the effect of incubation temperature
indicated the range of 30-37°C was suitable
for the PHB production (Graph 2). 30°C was
found to be suitable & optimum temperature
for PHB production. Low PHB production
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noted at 25°C and 40°C. Similar results also
reported by Sathiyanarayan et al.,
(Sathiyanarayanan et al., 2013).

No significant difference (F= 3.07, P=0.19)
was observed between the means of yield of
PHB with respect to Incubation temperature.
The highest & lowest yield of PHB 1.46
mg/ml & 0.27 mg/ml observed in 30°C &
40°C incubation temperature respectively.

Effect of initial mediums pH on PHB
production: It has been reported that initial
medium pH significantly influence the PHB
production by changing the bioavailability
of some of the trace elements (Grothe, Moo-
Young, & Chisti, 1999). Effect of initial pH
studies showed that as the pH in the medium
increases, PHB production increased up to
pH 7.5. Bacillus showed maximum PHB
production (mg/ml) at pH 7.5, and at
alkaline pH there was a sharp decrease in
PHB production (Graph 3). These findings
are comparable to results of Sathiyanarayan
et. al (Sathiyanarayanan et al., 2013). It has
been reported that pH in the range of 6.0 —
7.5 was the best for microbial growth, and
the maximum growth and PHB production
of Alcaligenes eutrophus was reported at
optimum pH of 6.9 (PALLERONI &
PALLERONI, 1978) . A significant
difference (F= 8.6, P= 0.01) was observed

between the means of yield of PHB with
respect to pH. The highest & lowest yield of
PHB 1.73 mg/ml & 0.15 mg/ml observed in
7.5 & 8.5 pH respectively.

Effect of inoculum age on PHB
production: The effect of inoculum age on
PHB production by Bacillus was studied by
inoculating the production medium using 12
-24 h aged inoculum. It is reported that
inoculum age affected both the growth rate
and PHB accumulation (Kareem et al.).

The data represented in (Graph 4) indicated
that the inoculum age of 18 h gave
maximum PHB production. After 18 h there
was an inverse relation for inoculum age and
PHB production, since the specific growth
rate of older inoculum age was lower and it
took longer for the culture to reach
stationary phase (Asenjo & Suk, 1986).
When these bacterial cells were transferred
from actively growing phase to the
production medium, the easily assimable
carbon source in the medium could
facilitated the synthesis of PHB. A
significant difference (F= 9.48, P=0.01) was
observed between the means of yield of
PHB with respect to inoculums age. The
highest & lowest yield of PHB 2.57 mg/ml
& 0.03 mg/ml observed in 18 hrs & 6 hrs
old culture respectively.

Graph.1 Effect of agro-industrial residues as the carbon substrate on
PHB production by B.megaterium

Polyhydroxybutyrate (mg/ml)

PHB yield
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M PHB yield
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Graph.2 Effect of Incubation temperature on PHB production by B.megaterium.
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Graph.3 Effect of Initial pH of medium on PHB production by B.megaterium.
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Graph.4 Effect of Inoculum age on PHB production by B.megaterium.
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Graph.5 Effect of Ammonium Chloride concenration on PHB production by B.megaterium.
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Effect of inorganic nitrogen source on
PHB production: In the case of inorganic
nitrogen sources, ammonium chloride (Filter
sterilze) gave PHB yield 2.72 mg/ml, which
was comparable to the result, obtained with
Bacillus megaterium (Vijayendra et al.,
2007). Studies were carried out to evaluate
the effect of nitrogen sources on PHB
production by using inorganic nitrogen
sources 0.1, 0.2, 0.3 mg/100ml in the
medium.

Higher yields of the polymer were observed
when nitrogen source in the form of
ammonium chloride was limited at 0.2
mg/100ml. In complete absence ammonium
chloride, PHB yield was comparatively low.
(Graph 5)This indicates although PHB
synthesis is enhanced under nutrient limiting
conditions but certain strains may not be
able to produce high amount of PHB at very
low nitrogen concentrations. The result
indicated NH4CI as one of the promising
nitrogen source for PHB production by
B.megaterium.

No significant difference (F= 5.4, P=0.1)
was observed between the means of yield of
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PHB with respect to ammonium chloride
concentration. The highest & lowest yield of
PHB 2.72 mg/ml & 0.53 mg/ml observed in
0.2 & 0.3 mg/100ml concentration
respectively.

In conclusion, an imbalance of essential
nutrients is the major factor that influences
bacterial accumulation of intracellular PHB.
Type of limiting nutrient involved may
differ from one genus to other genus of
bacteria. Several Bacillus spp are known to
produce PHB under varied growth
conditions and they are found capable of
producing various PHB from structurally
unrelated carbon sources(Chen, Konig, &
Lafferty, 1991; Valappil, Boccaccini, Bucke,
& Roy, 2007). In the present study media
optimization studies were carried out using
different carbon sources & various physico-
chemical parameters.

The results of the present investigation
suggest that various process parameters like
substrate concentration, nitrogen source and
physical parameters were significantly
influenced the PHB production. Considering
the results obtained in the current study, we
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can also conclude that the strain used in this
study offers great potential for further
investigation on PHB production under solid
state culture.
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