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Three Modes in the Operation of the Semi-batch 
Bioreactor 

S (substrate, reactant) + X (cell) = P (product) + nX
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S (substrate, reactant) + X (cell) = P (product) + nX

The biochemical reaction is inhibited by the substrate

Optimal substrate feed concentration is required with 

fixed set of operating conditions

Substrate feed 

rate FI

Final volume 

VI
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POLYMATH Model for the Initiation Mode of the 
Semi-batch Bioreactor 

POLYMATH Model for the Initiation Mode of the 
Semi-batch Bioreactor 

Variable

Initial 

value

Minimal 

value

Maximal 

value

Final 

value

munet 0 0 0.268942 0.248192

Np 0 0 46.38962 46.38962

Ns 0 0 57.39611 57.39611

Nx 24 24 30.95844 30.95844

P 0 0 46.38962 46.38962

S 0 0 57.39611 57.39611

X 30 29.85678 30.95844 30.95844
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Fed-batch Bioreactor Operation – Initialization 
and one Cycle of Processing and Harvesting

Separate POLYMATH models 

are prepared for the processing 

and harvesting modes of 

operation and the results are 

combined manually

For modeling the cyclic 

operation and carrying out 

optimization programming is 

essential

POLYMATH generated MATLAB Function for the 
Initiation Mode Operation of the Bioreactor

Conversion of vector 

contents to variable names

Collection of the variables into 

a column vector
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Part of the MATLAB “Main Program” for 
Simulation of Ten Process Cycles 

Initialization

Processing

Harvesting

Results of Ten Cycles of Processing and 
Harvesting



Page 

Amount of Harvested Fermentation Products in 
Cyclic Operation of the Bioreactor

Maximizing the Harvested Fermentation Products 
(PR) as Function of Feed Glucose Concentration (SP)

The maximum found using the MATLAB fminbnd library function is 

P
R
=8.144 kg when S

P
= 156.7 g/L


