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Abstract

The strain of Aspergillus oryza is eukaryotes, having considerably more genes than
bacteria. Advantage of 4.oryzae was that it could be genetically manipulated and is suitable
fungi for production of large amount of heterologous proteins. Large fungal surface area of
A.oryzae acts like an adsorption layer of extra-polysaccharide matrix, protecting them from
‘inhibitory compounds. 4.oryzae has high thermal stability and heat sense and is a good
fungi for extracellular enzyme production in batch fermentation.

Industrial bioprocess with filamentous fungi includes the production of a main products
in the sense of quality as well as the diversity of metabolites. The development of bioreactor
is an essential factor to provide optimum production condition. To reach this aim, finding an
appropriate flow pattern of mixing to intensify the mixing in fermenters and produce greater
turbulence with reduced shear stress could be an effective solution. Due to this reason the
purpose of this thesis is investigating on characterizations of new agitators for application to
the stirred fermentation systems. The main idea behind this work is to study the feasibility
of using the efficient mixing state in stirred tank bioreactor for process intensification of
stirred batch- submerged fermentation of 4.oryzac to increase the activity of alpha amylase.
Finally, it could be concluded that which agitator would be efficient for mixing the
non-Newtonian and complex bio-fluid and show better adoption with biological culture

containing fungal cells.
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In this research, the complete mixed fermented system is defined as a uniform
distribution of the nutrients and oxygen which will be leaded to the efficient mass transfer
and achieving in high quality and quantity of production. One of the challenges in this
project is finding a complete mixing condition with low shear rate and low power
consumption, also sometimes it is impossible to reduce mixing times by raising the power
input into the stirrer. Besides, mycelial damage at high stirrer speeds or power inputs can
limit the capability and volumetric productivity of fermenter. Additional obstacles that were
existed during the submerged fermentation of fungal cells and seems to be over comed by
mixing improvement were as follows;

(2) Inability to find a clear knowledge on the viscosity change and rheological behavior of
fermentation culture by growing the microorganizm (time-dependent and complex
theology) (b) Mechanical stress prediction and calculation during fermentation to control
the shear damage to the cells when using conventional impellers (because there are two
main stress sources in aerated fermentation; aeration stress and mechanical impeller stress.
Therefore get a knowledge about the most effective stress source in each hydrodunamic

condition is difficult. The existence of several phases in the system elevates the difficulty of

the simulations, also there is various phenomena in terms of phase interaction that can be

difficult to consider in the simulations.

(c) oxygen transfer is a limiting factor in an aerobic fermentation, because extended and
branched fungi inhibit the nutrient transfer to the cell and were resulted in low cell growth.
Most of the commeon agitators disperse the oxygen locally and it leads to local cell growth.
Using some other agitators the aeration stress was increased during breaking the bubbles.

(d) control the morphology of fungi to reach optimal productivity; 4. oryzae are

morphologically complex and differ structure in different time of life cycle.
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Therefore, controlling the morphology during the fermentation is difficult.

According to above problems, enhancing the mixing in a bioreactor is more required than
constructing a new bioreactor. Because, construction of a new fermenter will cost more and is
not as fast as the modification in a stirred fermenter. Modifying the hydrodynamic and
mixing condition of a stirred fermenter might be an economically main point to reach an
improved mixing,.

The aim in this thesis is to investigate, the effect of mixing (environmental change in
hydrodynamic of fungal cells) on the fermentation of A.oryzae to overcome to the some of
the mentioned obstacles during using the STBR as a fermenter. The work was undertaken in
8 chapters. In chapter one a brief review was done on the 4.oryzae and application of stirred
bioreactors in submerged fermentation. Chapter two was contained all materials, techniques
and analytical methods were used for fermentation of 4.oryzae and investigating the mixing
characterization of different kind of agitators. In chapter three effect of different
hydrodynamic conditions in stirred fermenter on shear rate and shear stress formation was
studied. In chapter four, effect of mixing flow pattern on mass transfer during fungal
fermentation has been investigated. Based on the results of shear rate, shear stress and mass
transfer, macro- and micro morphology of A.oryzae was studied in chapter five. Regarding to
the strong interaction between morphology and rheology in stirred submerged fermentation,
effect of mixing condition and morphology on the theology of fermentation fluid was
investigated in chapter six. From the combination results of the last six chapters, in chapter
seven, there are some suggestions for improving the mixing during the large scale
fermentation of 4.oryzae in stirred fermenter.

Finally, in chapter 8, important conclusions have been written. Results indicate that using
flexible-shaft mixer could improve the most important parameters for fermentation
intensification such as; controlling the environmental stress, decreasing the culture viscosity

by controlling the cell morphology, and also waste biomass reduction. Because, improving
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most of these factors are considered as a representative of process intensification in

submerged fermentation.
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