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ABSTRACT

PHBYV is the most extensively studied member of PHA family due to its similarity in physical and
thermal properties with petroleum derived plastics. Therefore, mass production of the PHBV
produced from different bacterial cultures was the main focus of the present investigation. The
biodegradability and biocompatibility of PHBV featured more flexibility and improved
processivity than PHB. Therefore the mass production protocols of PHBV from a variety of diverse
groups of bacterial cultures (both gram +ve and -ve) were critically evaluated during the present
investigation. The mass production of PHBV was particularly attempted in low cost substrate,
glycerol (a byproduct of biofuel industry) as carbon source for economic production of PHB. This
was followed by the addition of statistically optimized concentrations of selected electron
acceptors (VA / PA) at appropriate cultivation time followed by subsequent addition of multiple
instalments of electron acceptors at statistically optimized time intervals to produce PHBV.
Independent studies were also done to further enhance the copolymer production by addition of
statistically optimized concentrations of electron acceptors at different time intervals during the
model based fed-batch cultivations wherein the pseudo steady state with respect to substrate
(glycerol) was maintained for major period of their cultivation.

The primary goal of this research was to create optimized mass production protocols of few custom
tailored PHBV from gram negative and gram positive bacteria so that the same can be used for
diverse commercial and medical applications in society. The processing properties of these
copolymers were significantly altered by the addition of different concentration of alternate
electron acceptors (PA/VA) added to the exponentially growing cultures at different statistically
optimized feeding time interval for the three microorganisms (Ralstonia eutropha, Cupriavidus
necator and Bacillus thuringiensis). The optimized PHBV production was then experimentally
verified in 7L bioreactor and scale up was attempted using various scale up criteria (P / V, kpa, I,
tm, Nre) from 7L to 15L/70L bioreactor. It emerged from the extensive calculations that constant
P/ V scale up criteria was the best scale up criteria therefore it was implemented for scale up of
batch cultivations from 7L to 15L bioreactor by R. eutropha and also for both batch and fed-batch
cultivations from 7L to 70L bioreactor by C. necator and B. thuringiensis. The intracellular PHBV
produced was extracted from the biomass harvested after the completion of fermentation and was
extensively characterized by GPC, XRD, FTIR NMR, DSC and TGA in order to map their specific
characteristic properties to the biopolymers used for various societal and biomedical applications.



R. eutropha was grown using optimized media in shake flasks wherein a statistically optimized
feeding of VA concentration of 0.76 g/L at 24 h, 30 h and 36 h was implemented. The batch
cultivation was then experimentally verified during scale up from 7L to 15L bioreactor employing
constant P / V scale up criteria to obtain biomass, HV and PHBV concentrations of 6.07 g/L, 0.734
g/L and 1.98 g/L respectively in 15L bioreactor which were quite close to the results obtained
during 7L bioreactor cultivation. Similar set of RSM experiments were conducted to optimize PA
concentration (1.27 g/L) and its addition time (24 h, 30.43 h and 36.86 h) which featured prediction
of high PHBV production. These shake flask batch cultivations were experimentally verified in
7L bioreactor and then scaled up to 15L bioreactor using constant P / V scaling criteria to produce
10.29 g/L, 0.946 g/L and 4.53 g/L of biomass, HV and PHBYV concentration respectively.

C. necator was grown using optimized media for shake flask experiments and statistical
optimization studies were performed to identify the appropriate concentration and feeding time of
electron acceptors, VA & PA addition to facilitate enhanced PHBV production. The model
predicted the optimum biomass and HV concentration of 7.96 g/L and 0.444 g/L respectively when
0.5 g/L of VA was fed at 24 h, 34.6 h and 45.2 h which was thereafter experimentally verified in
shake flask and 7L bioreactor cultivation. This batch cultivation was then scaled up to 70L
bioreactor using constant P / V scale up criteria for PHBV production (VA) to obtain an HV,
PHBYV and biomass concentration of 0.587 g/L, 5.97 g/L and 10.23 g/L respectively which were
quiet closer to the values obtained in 7L bioreactor thereby demonstrating successful scale up.
Fed-batch cultivation featuring maintenance of Pseudo steady state w.r.t major substrate glycerol
was employed wherein statistically optimized concentrations of VA were added at different time
intervals in 7L bioreactor for PHBV production which resulted in HV, PHBV and biomass
concentration of 3.19 g/L, 10.9 g/L and 17.11 g/L respectively. This fed-batch cultivation of PHBV
production was thereafter scaled up to 70L bioreactor cultivation using constant P / V scale up
criteria wherein the culture featured HV, PHBV and biomass concentration of 3.25 g/L, 11.49 g/L
and 16.65 g/L establishing successful scale up. PHBV production was also explored using PA as
electron acceptor wherein, statistically optimized PA concentration of 0.85 g/L at feeding time of
24 h, 33.88 h and 43.76 h was identified by RSM. The model predicted an HV concentration and
biomass growth of 0.79 g/L and 10.84 g/L respectively which was experimentally validated in
shake flask cultivation and 7L bioreactor cultivation. This batch cultivation was then scaled up to
70L bioreactor employing constant P / V scale up criteria and the culture exhibited an accumulation
of 0.793 g/L, 8.25 g/L and 11.23 g/L of HV, PHBV and biomass concentration respectively. PSS



fed batch cultivation strategy was explored for improved PHBV production in7L bioreactor by C.
necator using PA wherein the culture exhibited an HV, PHBYV and biomass concentration of 4.7
g/L, 13.33 g/L and 21.21 g/L respectively. This fed batch cultivation was scaled up to 70L
bioreactor using constant P / V scale up criteria to obtain HV, PHBV and biomass concentration
of 4.12 g/L, 12.88 g/L and 19.82 g/L respectively, thereby demonstrating successful scale up.

B. thuringiensis was grown using optimized media in shake flasks wherein attempt was made to
statistically optimize PA concentration and its feeding interval during the fermentation media to
promote enhanced PHBV synthesis. Statistical optimization of PA concentration and its feeding
interval was conducted, which indicated the predicted optimum PA concentration of 1.2 g/L to be
fed at 0 h, 14.86 h and 19 h. These optimization experiments were validated in shake flask and 7L
bioreactor cultivation wherein the culture featured 3.98 g/L, 0.592 g/L and 8 g/L, 0.805 g/L of
biomass and HV concentration respectively which might be due to the more profound agitation
and aeration conditions in 7L bioreactor. The batch cultivation was thereafter scaled up using
constant P / V scale up criteria to 70L bioreactor wherein the culture showed an accumulation of
0.622 g/L, 3.57 g/L and 7.15 g/L of HV, PHBYV and biomass concentrations respectively. PSS fed
batch cultivation w.r.t glycerol as the best identified nutrient feeding strategy was employed to
augment PHBV production wherein the culture featured 0.706 g/L, 4.36 g/L and 11.61 g/L of HV,
PHBYV and biomass respectively. This fed batch cultivation was scaled up to 70L bioreactor
employing constant P / V scale up criteria wherein the culture exhibited an HV, PHBV and biomass
concentration of 0.636 g/L, 4.56 g/L and 10.74 g/L respectively, demonstrating successful scale

up.

The biomass of R. eutropha, C. necator & B. thuringiensis was harvested at 57 h, 57 h and 36 h
respectively, followed by its pretreatment with SDS and NaOCI, extracted in chloroform and the
recovered copolymer was characterized. NMR and FTIR studies confirmed the molecular structure
of the copolymer while XRD analysis identified the crystal structure of PHBV extracted by all the
cultures to be orthorhombic. DSC analysis determined the melting temperature of PHBV in the
range between 127-167°C for different samples while TGA studies analyzed the degradation
temperature to be between 245-290°C. GPC analysis of various PHBV samples indicated the
molecular weight in the range of 40.2 kDa and 131.9 kDa. These properties indicate the copolymer
produced by different bacteria was suitable for food, chemical, materials as well as biomedical
industries in society.
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