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What is 
bioreactor?

• an apparatus in which a biological reaction or process is carried out, 
especially on an industrial scale.

• A bioreactor (flask, roller bottle, tank, vessel, or other container) is 
a closed system device management system used to supports 
biological growth coupled with biochemical reaction.

• It supports either the growth of eukaryotic cells such as mammalian 
or insect or plant cell in a culture or production of a secondary 
metabolite such as pharmaceutical products, antibodies or 
vaccines.

• Similarly Fermentor is a type of bioreactor that uses fungal or 
bacterial cells (Prokaryotic cells) for fermentation.

• Depending on the purpose, bioreactors can be classified into two 
types; suspended growth bioreactors, which produce secondary 
metabolites, and biofilm bioreactors, which process cell cultures.

• Organisms growing in bioreactors may be submerged in liquid 
medium or may be attached to the surface of a solid medium.



What is 
fermenter?

Fermentor is a type of bioreactor, which uses fungi or 
bacteria for the fermentation of ethanol or lactic acid. 
Hence, a fermentor operates 
under anaerobic conditions. Also, fermentor is capable 
of providing the optimal growth conditions such as 
temperature to microorganisms.

Based on the type of cultures (such as batch or 
continuous culture) used in a fermentor, it can be 
classified into three as batch, fed-batch or continuous. 
Also, two type of fermentations can occur in a 
fermentor: surface fermentation by microorganisms in a 
solid medium and submerged fermentation by 
microorganisms in a liquid medium



Factors to be 
consider

Biological factors include the characteristics of the cells, their maximum 
specific growth rate, yield coefficient, pH range and temperature 
range.

We have seen however that the productivity of a fermentation 
is determined by the mode of operation of the fermentation process; 
eg. the advantages of fed-batch and continuous fermentations over 
batch fermentations.

Productivity is limited by oxygen availability and therefore it is 
important to the factors that affect a fermenters efficiency in supplying 
O2

The oxygen demand of an industrial process is generally satisfied by 
aeration and agitation

O2 requirement,-quantification of O22transfer and factors 
influencing the transfer of O 2 into solution



MASS 
TRANSFER and 

PHASES

• Different phases present -Introduction
Fundamental concept in fermentation 
technology is transfer of materials (e.g 
nutrients, products, gases etc.) through 
different phases (e.g gas into a liquid). Major 
problem associated with provision of oxygen to 
the cell - is a rate limiting step and thus serves 
as a model system to understand mass transfer



The rate of 
oxygen 
movement

Diffusion from supllied or bulk gas to gas/fluid 
interface

Solution of gas in fluid interface

Diffusion of dissolved gas to main part of fluid

Transport of dissolved gas to areas of cell

Diffusion through stagnant area of fluid 
encompassing the cell

Diffusion into cell

Consumption by organism (depends on 
growth/respiration kinetics)



Mass transfer 
process



Phases 
present in 
bioreactor



Mass 
Transfer

One of the most critical factors in the operation of a 
fermenter is
the provision of adequate gas exchange.

The majority of fermentation processes are aerobic

Oxygen is the most important gaseous substrate for microbial
metabolism, and carbon dioxide is the most important 
gaseous
metabolic product.

For oxygen to be transferred from a air bubble to an individual
microbe, several independent partial resistance’s must be 
overcome



Mass 
transfer -
Oxygen



Oxygen requirement



Oxygen solubility and transfer





Oxygen requirement





FACTORS 
AFFECTING 
OXYGEN 
DEMAND

• Rate of cell respiration

• Type of respiration (aerobic vs 
anaerobic)

• Type of substrate (glucose vs 
methane)

• Type of environment (e.g pH, 
temp etc.)

• Surface area/ volume ratio
large vs small cells (bacteria v 
mammalian cells)
hyphae, clumps, flocks, pellets 
etc.

• Nature of surface area (type of 
capsule etc)



Factors 
responsible



Methods of 
aeration



Types of 
bioreactor :-


