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The aim of the present study was to evaluate the potential of different agricultural wastes like wheat bran,
rice polishing and molasses for the synthesis of polyhydroxybutyrate (PHB) by Azotobacter vinelandii.
The optimization of different carbon sources and various physical parameters was also performed.
Highest yield of PHB was obtained by fermentation of 4% (w/v) wheat bran after 48 h of incubation with
4% (v/v) inoculum volume at pH 7.0 and 37°C. Among different nitrogen sources tested, 0.2% peptone
gave the better yield (285 mg/100 mL), while yeast extract decreased the amount of PHB. The outcomes
of the present data indicate that agricultural wastes can be used for the production of polyhydroxybutyrate

that will help in the solid waste management.
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INTRODUCTION

lastic has gained importance in modern life due to

its use in many industries for different purposes.
It is usually made up of material that is derived from
petrochemicals and cannot be degraded. So, these materials
are accumulating in environment and are posing serious
pollution problems (Hamieh et al., 2013). Therefore, it
is required to replace such materials with biodegradable
polymers, like polyhydroxyalkanoates (PHAs) for
manufacturing of plastic (Barunegg et al., 2004). The
principle biodegradable polyesters belonging to PHAs
class are polyhydroxyvalerate, polyhydroxyoctanoate and
poly-3-hydroxybutyrate (PHB) (Lakhawat et al., 2012).

As physical properties of polyhydroxybutyrate
are similar to polypropylene and polyethylene so it
has attracted much interest to be used as bioplastic.
However, it is biodegradable and nontoxic as compared
to synthetic polymers, so its use is environmentally more
beneficial (Reddy et al., 2003). PHB is mostly used as
packaging material in food industry because it is highly
waxy and degradable. In pharmaceutics, it can be used as
microcapsules in therapy and as material for cell and tablet
packaging. It also has numerous applications in other areas
such as fertilizers, insecticides, cosmetics, disposable
items and also for long term dosage of drugs. Bioplastic
also plays a vital role in medical field, including surgical
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Fermentation.

stitches, repair devices and patches, slings, cardiovascular
patches, biodegradable pins for fixation of bone and
cartilage, stents to treat weak arteries, devices to regenerate
tissues, tendon repair devices, bone marrow framework,
and wound dressings (Hassan et al., 2016).

Commercially, PHB can be synthesized utilizing
B-butyrate or B-hydroxybutyric acid as monomers,
however this approach is economically unfeasible.
Therefore, fermentation production of PHB using specific
microorganisms is the most appropriate path by virtue
of its simple and mild conditions during production. It is
produced by many bacteria in response to physiological
stress such as excess of carbon and limitation of nutrients
like nitrogen, phosphorus and oxygen (Belal, 2013).

High cost of substrates used and recovery process
employed, makes fermentation an expensive strategy
for PHB production (Rehman et al., 2016). According
to research, 3 tons of glucose must be used for each
ton of polymer produced (Gouda et al., 2001). Thus,
commercially cheap PHB can be achieved using substrates
such as methanol, beet molasses, starch, whey and cane
molasses that are used as a sole carbon sources (Suzuki
et al., 1986; Kim, 2000; Gouda et al., 2001). Pakistan,
as an agricultural country, produces a lot of agricultural
byproducts annually (Amin et al., 2014). These nutrient
rich and cheap substrates can be used for the synthesis of
PHB through fermentation (Ramadas et al., 2009).

The current research work has been focused on
production of polyhydroxybutyrate by Azotobacter
vinelandii, using agro-industrial wastes such as wheat
bran, rice polishing and molasses as substrates through
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submerged fermentation.
MATERIALS AND METHODS

Microorganism and culture maintenance

The strain of Azotobacter vinelandii, NRRL-14641
was obtained from Agricultural Research Service (ARS)
of United States Department of Agriculture (USDA). The
organism was cultured and preserved on Burk’s Nitrogen
free agar medium slants.

Bacterial culture was inoculated into 250mL of
conical flask containing 25mL of Jarman broth and then
incubated at 37°C till OD reached to 0.6 at 660 nm.

Optimization of culture conditions for hyper-production of
PHB

The basal medium for fermentation contained different
agricultural by-products as carbon source (wheat bran, rice
polishing and molasses) in varying concentrations (1-5 g),
MgSO, (0.02 g), NaCl (0.01 g), peptone (0.25 g) and yeast
extract (0.25 g) per 100 mL. The flasks were incubated
at 30°C, pH 7.0 for 48 h to select the best carbon source
for the production of PHB by Azotobacter vinelandii
(Shivakumar, 2012). Then incubation time (12, 24, 36,
48, 60 and 72 h) was optimized to obtain the maximum
yield of PHB (Khosro ef al., 2012). The effect of different
volumes of inoculum (2, 4, 6, 8 and 10%), pH levels (5,
6,7, 8 and 9), degrees of temperature (23, 30, 37, 44 and
51°C) was studied for hyper-production of the bioplastic
(Hamieh et al., 2013). Different nitrogen sources i.e.
peptone and yeast extract in varying concentrations (0.15,
0.2, 0.25, 0.3, 0.35%) were used to obtain high amount of
the biopolymer (Singh et al., 2011). All the experiments
were carried out in triplicates in shake flask of 250 mL
(Erlenmeyer flask) having 25 mL of the fermentation
medium.

Extraction and determination of PHB yield

For the extraction of the PHB, 25mL of the media
was collected after fermentation and then centrifuged
at 8000 rpm for 15 min. The pellet was used for further
process and treated with sodium hypochlorite equivalent
in volume to culture and incubated at 30°C for 2 h. Then
the mixture was centrifuged for 15 min at 10,000 rpm and
the pellet was further treated with distilled water, acetone,
methanol and diethyl ether, respectively for the extraction.
Finally, the polymer was obtained by dissolving the pellet
in 5ml of boiling chloroform and filtering the solution
through Whatmann Filter Paper No. 1. After evaporation
of chloroform to dryness, the powder form of PHB was
obtained. The PHB was gravimetrically estimated by
weighing the dried precipitates (Singh ef al., 2012).

To estimate the purity, the granules of biopolymer
were dissolved in hot chloroform. Then 10ml hot sulphuric
acid was added and finally placed in a water bath at
100°C for 10 min. The addition of sulfuric acid converts
polyhydoxybutyrate into crotonic acid. After cooling,
the absorbance was read at 235nm against a sulfuric acid
blank. By referring to the standard curve, the quantity of
poly-B-hydroxybutyrate produced was estimated (Khosro
etal., 2012).

Statistical analysis

All the experiments were performed in triplicates. The
data was analyzed on SPSS 13.0 software, by comparing
mean through One-Way ANOVA and multiple comparison
was made through LSD and Descriptive analysis (Saeed
etal., 2016).

Fig. 1. Effect of different substrates production of PHB by
Azototobacter vinelandii.

RESULTS AND DISCUSSION

Pakistan as an agricultural country produces a lot of
agricultural waste annually. Production cost of PHB is very
high due to utilization of costly substrates and expensive
downstream processing. However, use of cheaper
substrates and economic recovery method in fermentation
process can reduce the production cost. Therefore, the main
purpose of this study was to optimize different parameters
for maximum production of PHB using cheap agricultural
by-products by Azotobacter vinelandlii.

The significantly (P<0.05) highest PHB production
(210 mg/100mL) was observed at 4% wheat bran, followed
by 4% rice polishing (152 mg/ 100 mL) and 3% molasses
produced the least amount (140 mg/ 100mL) after 48 hours
of incubation (Fig. 1). Similar results were reported in the
study conducted by Chaijamrus and Udpuay (2008), that
maximum yield of PHB was observed at 4% molasses
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and 4% corn steep liquor from Bacillus megaterium
(Yield=43%). Aarthi and Ramana (2011) also reported
high PHB yield (1.28 g/L) by Bacillus mycoides, using
wheat starch as the media. Lakhawat et al. (2012) observed
highest PHB yield (400 mg/100 mL) using 4% dilution
of distillery spent wash by mutant Azofobacter vinelandii
UWD. Sukan et al. (2014) reported maximum amount of
PHB (2.5 mg/100 mL) using water treated orange peel
as the substrate by Bacillus subtilis OK2. Gowda and
Shivkumar (2014) stated that mango peel yielded high
amount of biopolymer (0.403 mg/ 100 mL) by using B.
thuringenesis IAM 12077. Soya flour was suggested as the
best substrate for PHB production (0.089 mg/100 mL) by
Shivkumar (2012).

The optimization of incubation period was carried out
using 4% wheat bran as the carbon source. The significantly
(P<0.05) maximum amount of PHB (210 mg/ 100 mL) was
produced at 48 h of incubation (Fig. 2A). Similar results
were reported in the study conducted by Pandian et al.
(2009) as highest PHB (0.013 mg/ 100 mL) was reported
at 48 h by Brevibacterium casei SRKP2 using dairy waste
while Bacillus mycoides produced increased amount of
PHB (1.28g/L) by using wheat starch medium at the end of
48 h of incubation (Aarthi and Ramana, 2011). Khosro et
al. (2012) also stated 48 h as optimum incubation period for
PHB synthesis (34.9 mg/mL) by Azotobacter vinelandii.
In contrast, Chaijamrus and Udpuay (2008) reported that

maximum yield of PHB was observed after 45 hours of
incubation (Yield=43%) from Bacillus megaterium. Singh
et al. (2011) observed maximum yield of PHB (0.531 mg/
100 mL) at 30°C after 72 h of incubation from Bacillus
sp. Bacillus thuringiensis produced maximum amount
of PHB after 24 h of incubation in fermentation medium
containing carbon sources and nutrient salts (Shivakumar,
2012).

The effect of volume of inoculum was also observed
in this study. The significantly (P<0.05) maximum yield of
PHB (236mg/100mL,) was recorded at 4% of inoculum by
Azotobacter vinelandii (Fig. 2B). In contrast, Hamieh et al.
(2013) reported optimum volume of 3mL for higher PHB
production from Lactobacillus acidophilus and Bacillus
thuringiensis. Shivakumar (2012) reported maximum PHB
production at 200% of inoculum density (250mg/100mL).

Maximum PHB yield (236mg/100mL,) was observed
significantly (P<0.05) at pH 7 in wheat bran medium
from Azotobacter vinelandii, at 48 hours of incubation
(Fig. 2C). The results were in lined with Maheswari and
Dhandayuthapani (2013) as they reported that highest
yield of PHB (2g/L) by Azotobacter vinelanii KDP was
found at pH 7.0. In contrast, Shivakumar (2012) reported
7.5 optimum pH for the PHB production by using carbon
sources of pure glucose and agricultural wastes. Hamieh et
al. (2013) found maximum PHB production at pH 5.5 by
Lactobacillus acidophilus and Bacillus thuringiensis.

Fig. 2. Optimization of parameters for PHB production by Azototobacter vinelandii. A, incubation time; B, inoculum; C, pH; D,

temperature.
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Temperature has an important effect on the growth
and metabolism of microorganism. A significantly
(P<0.05) higher production of PHB (256mg/100mL)
was observed at 37°C (Fig. 2D). These results are in
agreement with Hamieh et al. (2013) as they reported the
same temperature to be optimum for PHB production by
Lactobacillus acidophilus (412g/ 50 mL) and Bacillus
thuringienesis (0.367g/50 mL). Aly et al. (2013) also
observed that maximum yield of PHB (55% in terms
of DCW) was found at 37°C by Bacillus cereus MM7.
In contrast, Tamodgan and Sidal (2011) stated that the
temperatures higher and lower than 30°C decreased the
synthesis of PHB by Bacillus subtilis ATCC 6633.

Varying concentrations of both peptone and yeast
extract were tested to obtain maximum PHB production.
The significantly (P<0.05) highest yield of biopolymer
was observed at 0.2% peptone (298mg/100mL), while
yeast extract decreased the production (Fig. 3). These
results were in line with Singh et a/. (2011) and Yuksekdeg
et al. (2004) who found the peptone the best nitrogen
source toward PHB production. In contrast, yeast extract
(2.5 g/L) provided maximum production of PHB i.e. 50%
(9.2 g/L) on the basis of DCW among all organic nitrogen
sources tested by Bacillus cereus NRRL-B-3711 (Rehman
etal., 2016).

Fig. 3. Effect of nitrogen source (%) on PHB production by
Azototobacter vinelandii.

The PHB film obtained after extraction (Fig. 4A)
was further subjected to spectrophotometric analysis.
The bioplastic produced was found to be 97.5% pure in
comparison to the standard of Sigma Aldrich with the help
of standard graph (Fig. 4B).

CONCLUSION

It is concluded that the cheap method have been
developed for PHB production that will be helpful to
reduce the pollution caused by synthetic plastics.

Fig. 4. Polyhydroxybutyrate film (A) after extraction
standard graph (B).

Statement of conflict of interest
The authors declare no conflict of interest.

REFERENCES

Aarthi, N. and Ramana, K.V., 2011. Identification
and characterization of poly-hydroxybutyrate
producing Bacillus cereus and Bacillus mycoides
strains. Int. J. environ. Sci., 1: 744-756.

Aly, M.M., Albureikan, M.O., Rabey, H.E.I. and Kabli,
S.A., 2013. Effects of culture conditions on growth
and poly-B-hydroxybutyric acid production by
Bacillus cereus MMT isolated from soil samples
from Saudi Arabia. Life Sci. J., 10: 1884-1891.

Amin, M., Bhatti, H.N., Zuber, M., Bhatti, I.A. and
Asgher, M., 2014. Potential use of agricultural
wastes for the production of lipase by Aspergillus
melleus under solid state fermentation. J. Anim. PI.
Sci., 24: 1430-1437.

Belal, E.B., 2013. Production of poly-B-hydroxybutyric
acid (PHB) by Rhizobium elti and Pseudomonas
stutzeri. Curr. Res. J. biol. Sci., 5: 273-284.

Barunegg, G., Lefebvre, G. and Genser, K.F., 2004.
Polyhydroxyalkanoates,  biopolyesters  from
renewable resources: Physiological and engineering
aspects. J. Biotechnol., 65: 127-161. https://doi.
org/10.1016/S0168-1656(98)00126-6


https://doi.org/10.1016/S0168-1656(98)00126-6
https://doi.org/10.1016/S0168-1656(98)00126-6

Polyhydroxybutyrate Production by Azotobacter vinelandii 2231

Chaijamrus, S. and Udpuay, N., 2008. Production
and characterization of polyhydroxybutyrate
from molasses and corn steep liquor produced by
Bacillus megaterium ATCC 6748. Agric. Eng. Int.,
10: 4-5.

Gouda, M.K., Azza, E. and Sanaa, H.O., 2001.
Production of PHB by a Bacillus megaterium strain
using sugarcane molasses and corn steep liquor as
sole carbon and nitrogen source. Microbiol. Res.,
156: 201-207. https://doi.org/10.1078/0944-5013-
00104

Gowda, V. and Shivakumar, S., 2014. Agrowaste-based
polyhydroxyalkanoate (PHA) production using
hydrolytic potential of Bacillus thuringiensis IAM
12077. Braz. Arch. biol. Technol., 57: 55-61. https://
doi.org/10.1590/S1516-89132014000100009

Hamieh, A., Olama, Z. and Holail, H., 2013. Microbial
production of polyhydroxybutyrate, a bio-
degradable plastic using agro-industrial waste
products, Glob. Adv. Res. J. Microbiol., 2: 53-64.

Hassan, M.A., Bakhiet, E.K., Ali, S.G. and Hussien,
H.R., 2016. Production and characterization of
polyhydroxybutyrate (PHB) produced by Bacillus
sp. isolated from Egypt. J. appl. Pharm. Sci., 6: 46-
51. https://doi.org/10.7324/JAPS.2016.60406

Khosro, 1., Asiybar, A.S., Masoud, G.S. and
Muhammad, F.G., 2012. Effect of nitrogen sources
and incubation times on poly-betahydroxybutyrate
(PHB) synthesis by Azotobacter vinelandii isolated
from soils of Guilan Province (North of Iran). J.
appl. environ. biol. Sci., 2: 294-299.

Kim,B.S.,2000. Production of poly (3-hydroxybutyrate)
from inexpensive substrates. Enzyme Microb.
Technol., 27: 774-777. https://doi.org/10.1016/
S0141-0229(00)00299-4

Lakhawat, S.S., Pathak, A.N., Kulkarni, M.V.
and Srikanth, G.V.P.R., 2012. Production of
polyhydroxybutyrate from distillery spent wash
using mutant Azotobacter vinelandii. Int. J. Adv.
Biotechnol. Res., 3: 596-604.

Maheswari, M.U. and Dhandayuthapani, K., 2013.
Fermentation optimization for production of
polyhydroxybutyrate (PHB) by newly isolated
Azotobacter vinelandii KDP. Int. J. Pharm. Biol.
Sci., 4: 779-787.

Pandian, R.K.S., Deepak, V., Kalishwaralal, K.,
Muniyandi, J., Rameshkumar, N. and Gurunathan,
S., 2009. Synthesis of PHB nanoparticles from
optimized medium utilizing dairy industrial waste
using Brevibacterium casei SRKP2: A green
chemistry approach. Colloids Surf B: Biointerfaces,

74: 266-273.
colsurfb.2009.07.029

Ramadas, N.V,, Singh, S.K., Soccol, C.R. and Pandey,
A., 2009. Polyhydroxybutyrate production using
agro-industrial residue as substrate by Bacillus
sphaericus NCIM 5149. Braz. Arch. biol. Technol.,
52: 17-23. https://doi.org/10.1590/S1516-
89132009000100003

Reddy, S.K., Ghai, R. and Kalai, V.C, 2003.
Polyhydroxyalkanoates: An overview. Bioresour.
Technol., 87: 137-146. https://doi.org/10.1016/
S0960-8524(02)00212-2

Rehman, A.U., Aslam, A., Massod, R., Aftab, M.N.,
Ajmal, R. and Haq, [.U., 2016. Production and
characterization of a thermostable bioplastic
(poly-hydroxybutyrate) from Bacillus cereus
NRRL-B-3711. Pak. J. Bot., 48: 349-356.

Shivakumar, S., 2012. Polyhydroxybutyrate (PHB)
production using agro-industrial residue as
substrate by Bacillus thuringiensis IAM 12077. Int.
J. Chemtech. Res., 4: 1158-1162.

Singh, G., Mittal, A., Kumari, A., Goel, V., Aggarwal,
N.K. and Yadav, A., 2011. Optimization of poly-p-
hydroxybutyrate production from Bacillus species.
Eur. J. biol. Sci., 3: 112-116.

Suzuki, T., Yamane, T. and Shimizu, S., 1986. Mass
production of poly-B-hydroxybutyric acid by fully
automatic fed-batch culture of methylotroph. Appl.
Microbiol. Biotechnol., 23: 322-329. https://doi.
org/10.1007/BF00257027

Tamdogan, N. and Sidal, U., 2011. Investigation of poly-
B-hydroxybutyrate (PHB) production by Bacillus
subtilis ATCC 6633 under different conditions.
Kafkas Univ. Vet. Fakul. Derg., 17: 173-176.

Wang, B., Shivappa, R.R.S., Olson, J.W. and Khan,
S.A., 2013. Production of polyhydroxybutyrate
(PHB) by Alcaligenes latus using sugarbeet
juice. Ind. Crops Prod., 43: 802-811. https://doi.
org/10.1016/j.indcrop.2012.08.011

Sukan, A., Roy, A. and Keshavarz, T., 2014. Agro-
industrial waste materials as substrates for the
production of poly (3-hydroxybutyric acid). J.
Biomater. Nanobiotechnol., 5: 229-240. https://doi.
org/10.4236/jbnb.2014.54027

Yuksekdag, Z.N., Aslim, B., Beyadlti, X. and Mercan,
N., 2004. Effect of carbon and nitrogen source and
incubation time on polyhydroxybutyrate (PHB)
synthesis by Bacillus subtilis 25 and Bacillus
megaterium 12. Afr. J. Biotechnol., 3: 63-66. https://
doi.org/10.5897/AJB2004.000-2011

https://doi.org/10.1016/j.


https://doi.org/10.1078/0944-5013-00104
https://doi.org/10.1078/0944-5013-00104
https://doi.org/10.1590/S1516-89132014000100009
https://doi.org/10.1590/S1516-89132014000100009
https://doi.org/10.7324/JAPS.2016.60406
https://doi.org/10.1016/S0141-0229(00)00299-4
https://doi.org/10.1016/S0141-0229(00)00299-4
https://doi.org/10.1016/j.colsurfb.2009.07.029
https://doi.org/10.1016/j.colsurfb.2009.07.029
https://doi.org/10.1590/S1516-89132009000100003
https://doi.org/10.1590/S1516-89132009000100003
https://doi.org/10.1016/S0960-8524(02)00212-2
https://doi.org/10.1016/S0960-8524(02)00212-2
https://doi.org/10.1007/BF00257027
https://doi.org/10.1007/BF00257027
https://doi.org/10.1016/j.indcrop.2012.08.011
https://doi.org/10.1016/j.indcrop.2012.08.011
https://doi.org/10.4236/jbnb.2014.54027
https://doi.org/10.4236/jbnb.2014.54027
https://doi.org/10.5897/AJB2004.000-2011
https://doi.org/10.5897/AJB2004.000-2011

