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ABSTRACT

Polyhydroxybutyrate (P(3HB)) is a biodegradable polymer that is synthesised by
several microorganisms to store carbon and energy within their cells. It is widely
recognised as a biopolymer because of its notable characteristics, e.g., remarkable
biocompatibility, biodegradability, and sustainability. It has undergone extensive
research in recent decades, mostly due to its diverse applications, primarily, in the

environment & medical areas.

Extensive cultivation studies & optimisation of P(3HB) accumulation in stirred tank
reactor & different configurations of pneumatically agitated airlift bioreactors (using
different air supply & mixing strategies) were done to economize the production of
P(3HB) (polyhydroxy butyrate) by Bacillus thuringiensis IAM12077 with the by-product
of biodiesel industry (glycerol) and glucose as substrate (at 7 pH & temperature of 30 °C)
air (0.3-0.6 vvm). The P(3HB) accumulation in stirred tank bioreactor was observed to
be 42.59 % (biopolymer accumulation in the total biomass) as compared to 37.07 % in
outer aeration inner settling configuration of airlift bioreactor yet it emerged as a cost

effective alternative for mass scale biopolymer production.

To further economize the polyhydroxybutyrate (P(3HB)) production cost, detailed
studies we_re launched with yet another bacteria l;acillus cereus & crude glycerol as
substrate. The medium composition for B. cereus was statistically optimised which
resulted in a P(3HB) concentration of4.13 g/L in 30-hour during shake flask cultivation,
in comparison to model’s predicted P(3HB) concentration of 3.75 g/L. Subsequently, 4.53
g/l biomass and a P(3HB) concentration of 1.95 g/L (content 43.05 %) were

obtained in 39 hours during 3.5 liter bioreactor cultivation. The biopolymer

production by B. cereus was then scaled up to 15 liter bioreactor using P/V as the scale



up criteria which resulted in a P(3HB) concentration of 1.81 g/L (as opposed to 1.95
g/L in 3.5 liter bioreactor) thereby confirming the feasibility of biopolymer production

in higher scale bioreactor.

Following batch cultivations, biomass from Bacillus thuringiensis and Bacillus cereus
underwent pretreatment using Sodium Dodecyl Sulphate (SDS) / Sodium Lauryl Sulfate
(SLS) and Sodium hypochlorite (NaOCl), followed by chloroform extraction. The
resulting biopolymer underwent comprehensive characterization, confirming its
molecular structure through NMR and FTIR measurements. X-ray diffraction (XRD)
analysis identified the orthorhombic crystal structure of the isolated polyhydroxybutyrate
(P(3HB)) from Bacillus cultures. DSC analysis revealed melting temperatures of
156.47°C and 160.02°C for the extracted P(3HB) from Bacillus thuringiensis and
Bacillus cereus, respectively. TGA studies established the maximum degradation
temperatures as 603.6°C for Bacillus thuringiensis and 322.41°C for Bacillus cereus
extracted P(3HB) respectively. GPC analysis indicated weight average molecular weights
of 32.617 kDa for Bacillus thuringiensis and 45.808 kDa for Bacillus cereus isolated

P(3HB) samples.

In addition, the extracted polyhydroxybutyrate (P(3HB)) obtained from Bacillus cereus
was utilised to synthesise nanoparticles by a solvent evaporation method. The
nanoparticles' hydrodynamic diameter (159.97 nm) and polydispersity index (13.5%)
were identified using the dynamic light scattering (DLS) technique. The nanoparticles
exhibited an average zeta potential of -3.5 millivolts (mV) while Field Emission Scanning
Electron Microscopy (FESEM) analysis provided additional characterisation, showing
that the particles exhibited a spherical shape and varied in size, ranging from 40 nm to

114 nm.

Vi
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