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DESCRIPTION
Bioreactor technology provides controlled environments for 
cultivating microorganisms, animal cells, plant cells and enzymes 
to produce valuable biological materials. A bioreactor is a vessel 
or processing system designed to maintain suitable physical and 
chemical conditions for biological activity. Temperature, pH, 
oxygen concentration, agitation, pressure, nutrient supply and 
foam formation can be monitored and adjusted during 
cultivation. These systems are widely used in pharmaceutical 
manufacturing, food biotechnology, industrial microbiology, 
enzyme production, wastewater treatment and biofuel 
production. The main purpose of a bioreactor is to provide 
favorable conditions for cellular growth and product formation. 
Microorganisms require nutrients, water, suitable temperature 
and appropriate chemical conditions for metabolism. In aerobic 
processes, oxygen must also be transferred efficiently from the 
gas phase into the liquid medium. A well-designed reactor allows 
these factors to remain within suitable ranges while enabling 
efficient mixing and removal of metabolic heat.

Several types of bioreactors are used according to the biological 
system and desired product. Stirred-tank reactors are among the 
most widely used designs. They contain an impeller that mixes 
the culture medium and improves the distribution of nutrients, 
temperature and dissolved gases. Baffles attached to the vessel 
wall can reduce unwanted swirling and improve mixing. Stirred-
tank systems can be operated in batch, fed-batch, or continuous 
modes. In batch cultivation, nutrients and microorganisms are 
introduced into the reactor before operation begins. The culture 
proceeds for a defined period, after which the entire material is 
removed for product recovery. This arrangement is relatively 
simple and is suitable for many microbial and cell-based 
processes. Fed-batch operation involves gradual addition of 
nutrients during cultivation. Controlled feeding can prevent 
excessive substrate accumulation and help maintain favorable 
growth conditions.

Continuous bioreactors receive fresh medium while an 
equivalent volume of culture leaves the vessel. When suitable 

operating conditions are maintained, cells can remain active for 
extended periods. Continuous systems can provide consistent 
production and may be useful when the desired product is 
continuously released into the culture medium. However, 
maintaining stable biological conditions requires careful 
monitoring of nutrient availability, contamination risk, cell 
density and product concentration. Oxygen transfer is a major 
consideration in aerobic bioprocessing. Oxygen has limited 
solubility in aqueous media, so microorganisms may consume it 
faster than it can naturally enter the liquid. Agitation and 
aeration increase contact between gas bubbles and the culture 
medium. The design of impellers, gas distributors and reactor 
geometry influences oxygen transfer. Excessive agitation, 
however, can create mechanical stress for sensitive cells, making 
appropriate operating conditions necessary.

Temperature control is another essential function of bioreactors. 
Biological reactions generate heat, particularly when microbial 
populations grow rapidly. Cooling jackets, internal coils, or 
external heat exchangers can remove excess heat. Temperature 
sensors provide continuous information that allows automated 
control systems to maintain the selected operating range. Stable 
temperature conditions support consistent cellular activity and 
product formation. PH control is achieved through the addition 
of acids, bases, or buffering substances. Microbial metabolism 
can alter the pH of the culture because cells consume nutrients 
and release acidic or alkaline compounds. Significant pH changes 
can affect enzyme activity, membrane transport, nutrient uptake 
and cell growth. Automated pH monitoring allows corrective 
additions to maintain suitable conditions throughout cultivation.

Foam formation can occur when proteins, carbohydrates and 
other surface-active substances accumulate during aeration and 
agitation. Excessive foam may interfere with sensors, filters, 
exhaust systems and sterile operation. Mechanical foam breakers 
or controlled addition of antifoam agents can reduce this 
problem. Reactor design can also include foam detection systems 
that activate corrective measures when the foam level increases. 
Sterility is especially important in pharmaceutical and high-value 
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overall productivity. After cultivation, the enzyme can be 
separated from the culture using filtration, centrifugation, 
concentration and purification processes. Cell culture 
bioreactors support the production of vaccines, therapeutic 
proteins, antibodies and other biological products. Animal cells 
are more sensitive to mechanical forces and environmental 
changes than many microorganisms, so specialized reactor 
designs may be required. Microcarrier-based systems provide 
surfaces on which adherent cells can grow, while suspension 
cultures allow cells to remain distributed throughout the liquid 
medium.
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biotechnology processes. Unwanted microorganisms can 
compete for nutrients, alter product quality, or contaminate the 
final material. Bioreactors may therefore be designed with 
sterilizable vessels, sterile air filters, closed transfer lines and 
controlled connections. Cleaning and sterilization procedures 
must be compatible with the reactor material and production 
process.

Bioreactors are also used for enzyme production. 
Microorganisms can be cultivated to produce amylases, 
proteases, lipases, cellulases and other industrial enzymes. 
Operating conditions can influence enzyme secretion and 
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