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Abstract: Industrial fermentation is the basic operation unit of industrial biotechnology in large-scale production.
Mathematical simulation of microbial cells and their reactors will help deepen the understanding of microorganisms and
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fermentation processes, and will also provide solutions for the construction of new synthetic organisms. In this paper, the
characteristics of industrial fermentation system, the development of mathematical simulation, the classification,
characteristics and functions of mathematical models are described in depth, and the development trend of whole fermentation

system simulation is prospected.
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Fig. 1 Composition and interaction of the fermentation system.
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Tablel Classification of mathematical models

Classification  Subclassification Application Advantages Disadvantages
Mechanistic Structured Characterizes the A truereflection of thecell ~ Very complex and difficult
model segregated model  fermentation systemas  metabolism with the to get accurate results,
multicomponent with reaction to the external experimentally intensive
heterogeneous cells environmental
Structured Characterizes the Introducing more Require detailed knowledge
unsegregated fermentation systemas  accurately growth of of cellular metabolism,
model multicomponent microorganisms and difficult to formulate
without considering cellular components
intracellular
composition
Unstructured Describing the cell Simple and applicable to The individual entity,
unsegregated growth, nutrient many situations regulatory complex,
model concentration and adaptive response to
fermentation process as environmental changes and
an average of the capacity of cell organelles
species under ideal to generate various products
conditions in inherent metabolism
cannot considered
Unstructured The fermentation Easier to formulate and Cannot capture the
segregated model  system are considered more computationally interplay between cell
as single component efficient metabolism and oscillatory
with heterogeneous dynamics
cells
Empirical Stati stics model Use experimental Accuracy and easy to Non-mechanic or
model design, response formulate metabolism is considered
surface analysis and for mechanism explanation
exploratory data
analysis
Fuzzy logics Good at expressing Sufficient control of The problems of stability
model qualitative knowledge nonlinear processes and robustness in fuzzy
and experience with control still need to be
unclear boundaries solved
Artificial neural Suitable for Strong self-learning ability,  Needs a large number of
network model multivariable modeling  can innovate for reasonable  parameters, cannot observe
output according to input the intermediate learning
variables, high classification  process, the output results
accuracy, strong parallel are difficult to explain, need
distributed processing along learning time, when
ability, strong robustness the amount of datais large,
and fault tolerance to noise  the learning speed will
data restrict its application.
Hybrid model Mechanistic models Estimation accuracy, The model system is very

and empirical models
are combined together
to achieve
semi-mechanistic
description

calibration ease, better
extrapolation properties and
more detailed information
on the phenomenon

complex and need more
data
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