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Abstract

ackground: The microbial PHB production is a promising tool for the plastic industry for the

synthesis of environmental friendly, biodegradable plastic in contrast to the conventional petro-

chemical based non-degradable plastics. The selection of potent bacterial strains, inexpensive
carbon source, efficient fermentation and recovery processes are important aspects that were taken into
account during this study.

Methods: Different bacterial strains i.e. Bacillus Spp, P. putida and P. fluorescens were screened for
maximum PHB production. Under media optimization, various carbon and nitrogen sources (alone or in
combination) were used to achieve the maximum PHB production. Finally the degradation tests of the
PHB sheet were also performed to test its biodegradability potential.

Results: Shake flask studies have shown the PHB concentrations upto 7.02, 4.50 and 34.4 mg/g of dry cell
mass of P. putida, P. fluorescens and Bacillus Spp. respectively. Almost same results were observed at
laboratory scale production of PHB in 10 L fermenter i.e. 6.28, 6.23 and 39.5 mg/g of dry cell mass by P.
putida, P. fluorescens and Bacillus Spp. respectively. On the basis of these observations, Bacillus Spp. was
chosen for laboratory scale PHB production. Corn steep liquor (4%) was chosen as the best medium to
achieve the highest PHB contents. Isolated PHB has shown biodegradation in soil up to 86.7% at 37°C.

Conclusion: The Bacillus Spp. Proved to be the best strain for PHB production on only 4% CSL which is
cheapest and easily available.
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Introduction

Plastics are xenobiotic agents made of synthetic long
chain  polymers polypropylene,
polystyrene, poly (vinyl chloride) and poly (ethylene

of polyethylene,

terephthalate) [1]. These polymers are resistant to
microbial and enzymatic biodegradation [2]. Being
weightless, water resistant and high strength entity,
plastics have gradually replaced the cellulose based
packaging and wrapping products [2]. Though the
plastics have revolutionized the modern era, but being
xenobiotics, they are intractable to microbial
degradation and pose challenges in their disposal [1].
The very long molecular sizes of plastics create
hindrance in their natural biodegradation process in the

soil [3]. Through green chemistry evolution, the plastics

are engineered to degrade quickly and into
environmental  friendly  byproducts [4]. The
petrochemical based plastics resist the natural

environmental decay and hence they pollute the
environment. However the oil-based, plant-based or
microorganism-based plastics comprising the poly-3-
hydroxybutyrate (PHB), polyhydroxyvalerate (PHV)
and polyhydroxyhexanoate (PHH) undergo the natural
degradation process. The D(-)-3-hydroxybutyric acid is
the degradation product of PHB and is also a common
metabolic intermediate in higher organisms[5].
Polyhydroxyalkanoates are the polyesters of different
molecular mass  of

50,000-

hydroxyalkanoates.  The
polyhydroxyalkanoates
1,000,000Da.

These are accumulated as storage material in the

ranges  from

microorganisms under the state of limiting nutritional
elements (such as nitrogen, phosphorous, sulphur,
oxygen or magnesium) [6]. PHB, an isotactic polymer,
is the well-known member of the PHAs. It exists in a
fluid amorphous state within the cell. It is moisture
resistant, shows piezoelectric effect and above all is truly
and completely biodegradable [7]. The PHB can be
cheaply produced using agriculture, dairy or oil industry
waste. However, the choice of the strain is an important
aspect to take into account while accomplishing the
cost-effective production.

In this study the potent bacterial strain was selected
for the overproduction of PHB. The low-cost
production media was formulated to scale down the
production cost of PHB and make it economically
feasible.

Methods

Microorganisms and their maintenance

Locally isolated Pseudomonas putida, Pseudomonas
fluorescens, and Bacillus spp. were used for screening of
PHB. The cultures were propagated and maintained on
Luria-Bertani (LB) agar containing (g/100 ml): 1.0 g
tryptone, 0.5 g yeast extract, 1.0 g sodium chloride, 1.5 g
agar and pH 7.5.

Selection of cheap culture medium for PHB
production

Different carbon and nitrogen sources were used for
media optimization. The carbon sources included;
glucose, sucrose, starch and molasses. The nitrogen
source included; yeast extract, ammonium chloride,
ammonium sulphate and corn steep liquor. All the
media are listed in Table 1. In all cases the pH was
adjusted to 7.5. For screening of potential medium for
the production of PHB, the experiment was performed
with 10% v/v inoculum at 37°C for 72h at 250 rpm in
gyratory shaker. Polymer accumulation was monitored
by Sudan Black staining.

No. Composition of Media
Luria-Bertani broth (LB)

LB+Glucose 2%

LB+Sucrose 2%

LB+Starch 2%

Corn steep liquor (CSL) 1%+KH:PO40.05%+Sucrose
0.2%

CSL 1%+KH2P0O40.05%+ Sucrose 1%
CSL 2%+KH2P0O40.05%+ Sucrose 1%
CSL 1%

CSL 1%-+yeast extract 0.5%

10 CSL 1%-+yeast extract 1%

11 CSL 2%

12 CSL 2%-+yeast extract 0.5%

13 CSL 2%-+yeast extract 1%

G o W N =

14 Corn steep liquor 4%
15 Corn steep liquor 5%

Table 1. Composition of culture media

Effect of inoculum size on PHB production

In the optimized media for PHB production, effect of
inoculum size was studied in concentrations of 1%, 2%,
3%, 4%, 5%, 6%, 7%, 8%, 9% and 10%. In all the
fermentation experiments 6-8 hrs exponential phase
culture (observed from growth curve) in LB was used as
inoculum. Fermentation was performed at 37°C and for
48 hrs at 250 rpm on a gyratory shaker after which the
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culture was harvested, washed, dried, weighed and the
PHB was recovered by dispersion method.

Laboratory scale fermentation (PHB production)
The PHB production was carried out in a laboratory
scale 10 L stirred tank fermenter in a batch fermentation
process. The fermenter contained previously optimized
media (4% CSL) and 5% (v/v) inoculum at 37°C
temperature and 250 rpm shaking speed for 48 hrs.
Optical density, pH and purity of culture checked at
various intervals and the polymer accumulation was
monitored by Sudan Black staining. At the end of
fermentation, the dry weight of culture was recorded
and polymer was recovered.

Cell dry mass

Biomass content was determined by gravimetric
method. Culture (10 ml) was centrifuged (6,000 rpm, 10
min, 4°C), cell pellet was washed in deionized water,
recovered (6,000 rpm, 10 min, 4°C), dried to constant
weight (90°C, 24 h) and weighed.

Nile red staining

Nile red staining was used for the selection of PHB
producing bacterial colonies after the method of [8] and
proceeded for shake flask studies. Comparatively, high
quantities of PHB were produced form Bacillus Spp. so
used for further

this was the only strain

experimentation.

Staining for PHB and spores

Accumulation of PHB granules inside the bacterial cells
was detected by staining with Sudan Black B [9].
Approximate estimates of cell contents of PHB were
made under oil immersion lens of microscope. The
average number and size of the inclusions/cell were
recorded in terms of an arbitrary scale of ‘+ signs. The
scale ranged from ‘+’ for an average of a few small
inclusions/cell through ‘+” “++’ for increasing number of
large inclusions to “+++ for culture in which nearly all
the cells were packed with masses of inclusions. Spores
were stained with hot malachite green for 5 min, washed
and counterstained with safranine for 30 seconds.

Recovery of PHB

PHB was extracted from cells using the method by [10]
with a slight modification. Dried cell mass (1 g) was
treated with chloroform (50 ml) and 20% sodium
hypochlorite (50 ml) at 37°C for 90 min. The dispersion

was centrifuged at 5,000g for 20 minutes. Three phases
were obtained among which the lowest chloroform
phase contained PHB. The chloroform phase was
separated by filtration. The chloroform was evaporated,
and the polymer was removed and weighed.

Biodegradation test

PHB film was obtained by dissolving the PHB in
chloroform at 3% (v/v), spread in an aluminium tray
followed by drying in a vacuum oven at 40°C for 24 hrs
to obtain a constant weight. Equal quantity of soil was
taken in four petri dishes. One was sterilized at 121°C
for 20 minutes to be used as control sample.

In order to monitor the effect of temperature the
experiment was carried out at 28, 37, and 60°C. At
predetermined intervals, polymer specimens were
removed from the soil, cleansed, and dried in a vacuum
oven. Dried films were weighed to calculate the weight
loss.starting the experiment. Saline (0.9% NaCl solution;
1 ml/kg) was injected to control animals.

Results

Screening and isolation of PHB

Screening of PHB producing strain:

Best PHB producing strain was selected by fluorescence
on Nile Red plates (Figure 1) and on the basis of PHB
recovery. Bacillus Spp. was found best for PHB
accumulation. It accumulated 5-7 times more PHB
content as compared to P. putida and P. fluorescens.

Figure 1. Bacterial colonies grown on LB agar plate containing Nile
red

Selection of cheap media for PHB production
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Various combinations of carbon and nitrogen sources
were screened for PHB production and sporulation
(Table 1). Yeast extract resulted in significant increase in
biomass as was observed microscopically but there was
little accumulation of polymer. In glucose containing
media, there was no PHB production. However, the
addition of sucrose proved to be a stimulant for PHB
production with a concomitant increase in the cell
biomass. All the experiments with corn steep liquor
(CSL), supplemented with different carbon sources
showed polymer accumulation to various extents.
However, cell biomass increase was observed only in
combinations with yeast extract. As can be seen in Table
I1I, increasing the concentration of yeast extract from
0.50 to 1% while keeping the concentration of CSL
constant resulted in a decrease in polymer accumulation
from 3 to 4 granules per cell to 1 or none at all.
Maximum accumulation was observed in medium-14
(CSL4%) just after 24h due to start of sporulation.
Commencement of sporulation is an indication of
nutrient exhaustion. Therefore, in the next experiment
the concentration of CSL was increased to 5% (medium-
15). Interestingly, not only the polymer accumulation
was decreased, the cell also started lysing thus releasing
granules and spores.

Effect of inoculum size

Following the results of shake flask experiments,
medium 14 and 15 (Table 2) were selected for further
studies. Fermentations were carried out in 2 L flasks for
48 hrs with different inoculum sizes (1-10%). Effect of
inoculum size on the PHB production in the two
cultural conditions is depicted in figure 2(a) and 2(b).
The comparison of both media led to the selection of 5%
inoculum as best for PHB production. In contrast to
microscopic observations, the medium containing 5%
CSL and yeast extract did not give any significant
amount of PHB with any of the inoculum size when
recovered by dispersion method although the biomass
increase was there. Whereas, in case of medium
containing 4% CSL resulted in increased polymer
content though biomass increase was not so significant.

Comparison of PHB accumulation by different
strains

Different bacterial strains were used for comparison of
PHB accumulation in optimized medium (4%CSL) at
37°C and 200 rpm for 48 hrs. At the end of fermentation

total biomass was 3.44 g/1, 4.98 and 6.70 g/l in Bacillus
spp; P. putida and P. fluorescens respectively while the
PHB content was 34.4 mg/g, 7.02 and 4.50 mg/g by
Bacillus spp, P. putida and P. fluorescens respectively. It
is clear that Bacillus spp showed highest PHB
accumulation under optimized fermentation conditions
(Table 3).

A
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Figure 2. Effect of inoculum size on cell dry mass (CDM) and PHB.
(A) culture in 5% CSL; (B) culture in 4% CSL

Lab-Scale production of PHB

After the optimization of fermentation conditions in
shake flask, the final fermentation was carried out in 10
L stirred-tank fermenter at 37°C and 200 rpm for 48 hrs
with medium containing 4% CSL (Table 4). At the end
of fermentation total biomass and PHB were 4.36 g/L
and 39.5 mg/g, respectively. The pH dropped from 7 to
5.5 after 4 h of inoculation. ODsg was 0.233 after 4 h of
inoculation and increased to 2.51 at the time when the
culture was harvested. Sudan black staining showed that
the cells were loaded with granules at 24 h in CSL 4% as
compared to culture grown in LB (Figure 3). It is clearly
visible in the micrographs that by the time the
sporulation started in the fermentation medium (24 hrs)
the culture in LB had little accumulation of PHB. Lysis
of cells and the spores in the surroundings is prominent
in 48 hrs culture in 4% CSL medium.

@ Advancements in Life Sciences | www.als-journal.com | November 2015 | Volume 3 | Issue 1 32



SATAGIGIE Rehman RA, Rao AQ, Ahmed Z, Gul A. Selection of potent bacterial strain for over-production of PHB by
using low cost carbon source for eco-friendly bioplastics (2015). Adv. Life Sci. 3(1). pp: 29-35.

Media C/N source

No. microscopic field
1. Luria Bertani broth (LB) ++

2. LB+Glucose 2% ++

3. LB+Sucrose 2% ++

4. LB+Starch 2% ++

5. Corn steep liquor (CSL) 1%+KH:POs  +

0.05%-+Sucrose 0.2%

6. CSL 1%+KH2PO40.05%+ Sucrose 1%

7. CSL 2%+KH2PO40.05%+ Sucrose 1% +

8. CSL 1% ++
9. CSL 1%-+yeast extract 0.5% +
10. CSL 1%-+yeast extract 1% +
11. CSL 2% ++
12. CSL 2%-+yeast extract 0.5% ++
13. CSL 2%-+yeast extract 1% ++
14. Corn steep liquor 4% -+
15. Corn steep liquor 5% +++

Table 2. Effect of carbon and nitrogen source on PHB accumulation

Sr. # Bacterial strains Growth
Temperature (°C)

1 P. putida 37

2 P. fluorescens 37

3 Bacillus Spp. 37

No. of cells per

Time for polymer
accumulation (Hours)

Table 3. Shake flask studies for comparison of polymer (PHB) accumulation in 4% CSL

Sr.# | Bacterial strains Growth
Temperature (°C)

1 P. putida 37

2 P. fluorescens 37

3 Bacillus Spp. 37

Table 4. 10 L fermentation of bacterial strains in 4% CSL

Figure 3. Arrows indicate PHB granule; in picture 9 (LB medium) and

10 (4% CSL) spores can also be seen

Biodegradation test

Biodegradation of PHB was characterized by the soil
burial experiment in the lab. Figure 5 shows the weight
loss of polymers buried in soil for 4-8 weeks 8.5- 57.3%
at 28°C, 11.6- 86.7% at 37°C and then decreased at 60°C
7.2% - 25.9%. PHB degradation in soil after 8 week is

Time for polymer
accumulation (Hours)

PHB accumulation Sporulation ?
(staining reaction) *
24h 48h 72h 24h 48h 72h
+ lysis - + +
+ ++ ++ - - -
+ + ++ - -
++ lysis lysis + + +
++ lysis lysis + +
lysis Lysis + o+
++ +++ lysis - + +
+ ++ ++ - - -
+ + + - - -
+ ++ ++ - - -
+ + + - - -
t + t - - -
+++ +++ + - + +
+ + + - - -
Total dry weight | PHA yield
yield (g/) (mg/g)
4.98 7.02
6.70 4.50
3.44 344
Total dry weight PHA yield
yield (g/1) (mg/g)
5.84 6.28
5.62 6.23
4.36 39.5

shown in figure 5(a), 5(b) and 5(c) at 28, 37 and 60°C

respectively.
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Figure 4. Degradation of PHB at different temperatures
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and 60 °C (C) after 8 weeks

Discussion

Nutritional and environmental stresses can result in
metabolic fluctuations in bacteria. Bacteria respond to
intracellular or

these stresses by synthesizing

extracellular metabolites. During growth-limiting

conditions bacteria synthesize and accumulate
intracellular polyesters as storage material called
polyhydroxyalkanoates (PHAs) [11]. The best polyester
among these PHAs is polyhydroxybutyrate (PHB)
because of several reasons like its similarity to synthetic
based plastics such as polypropylene [12]. Currently, the
gram negative bacteria such as Cupriavidus necator [13]
Alcaligenes latus and recombinant Escherichia coli [14]
are being used for PHB production. But it is observed
that PHB produced by Gam negative bacteria contain
(LPS)

membrane which is involved in induction of strong

lipopolysaccharides endotoxins as outer
immunogenic reaction and is undesirable for its use in

biomedical science [15]. Due to absence of
lipopolysaccharides layer in Gram positive bacteria
(Bacillus), it is advantageous for use in biomedical
applications as it can grow at cheaper substrates and can
produce larger quantities of proteins [16-18].

In present study, same attempt was opted to screen
optimal PHB producing strain. From the results it is
clearly evident that Bacillus Spp. was best for PHB
accumulation. Bacillus spp. yielded 34.4 mg/g of PHA as
compared to 4.50 mg/g by P. fluorescens and 7.02 mg/g
by P. putida under optimal fermentation conditions.
The results of this study are consistent with various
other studies as reported by [11,16,19,20] in which they
reported a number of Bacillus species to accumulate 9 to
67% (Cell Dry Weight) CDW of PHA.

Reduction of overall cost was the second goal of this
study. Different strategies are being adopted by scientist
for cost reduction like use of inexpensive renewable
carbon substrates for high productivity [21]. In the
present study an effort was done to produce PHA at low
cost using corn steep liquor as growth medium. Out of

various combinations of C/N sources used in the study,
4% CSL alone proved to be the best raw material for
maximum production of PHB. These results coincide
with results presented by [12,6] in which they obtained
high yield of PHA by using low cost agro-industrial by-
product and sea water. PHB production in 10 L stirred-
tank fermenter under optimum conditions in 4% CSL
medium also indicate that total biomass and PHB were
436 g/L and 39.5 mg/g, respectively. Medium
optimization by application of statistical optimization,
compared to the common “one-factor-at-a-time”
method, proved to be effective tool [2,6]. Biodegradation
of PHB under soil was checked at different temperatures
and observed its highest degradation (11.6 - 86.7%) at
37°C within 4-8 weeks which is consistent with the
findings by Kim et al [27]. The biodegradable property
of PHB is gaining much attention of researchers as an
alternate to conventional plastics. The potential
applications of PHB in various industries and in the
medical field are encouraging. However the production
cost of PHB is a major drawback. In the current study,
an immense progress has been made in searching for
new bacterial strains, creating new types of recombinant
strains and by utilization of cheap carbon and nitrogen
sources to reduce the cost of production. The ongoing
commercialization activities in several countries are
expected to make PHB available for applications in
various areas.
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