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Predictive modelling uses computing
techniques to create mathematical
models using data from the growth,

survival and death of foodborne micro-
organisms under particular environmental
conditions, such as temperature, pH and
water activity.

One of the earliest mathematical models
was the ‘botulinum cook’. Esty and Meyer
(1922) described the thermal death of
Clostridium botulinum type A spores by a
log-linear model, which is still used today to
calculate the necessary heat processing of
low acid canned foods.

Work on fish spoilage by Spencer and
Baines resulted in the publication of a model
describing the influence of temperature on
fish spoilage in 1964.

Growth controlling factors

A study on the prevention of botulism and
other intoxications led to the development
of a model describing the log reduction of
bacterial numbers due to the extrinsic
(external factors such as temperature and
humidity) and intrinsic (characteristics of the
food itself, for example, pH, salt content)
properties of the food.

This was used to predict the likelihood of
bacterial growth or toxin production within
the food sample. Other groups also
described combinations of growth control-
ling factors at about the same time, but they

did not use equations to describe
the probability of growth or toxin
production.

Mathematical modelling was a
relatively uncommon technique
until the 1980s. This was because
it was not easy to carry out the
sometimes complex equations
until personal computers became
accessible.

During this time, more attention
was given to the modelling of bac-
terial growth, and in 1983, a paper
was published by Roberts and
Jarvis, advocating modelling the
growth of spoilage or pathogenic
micro-organisms in food with
respect to the main growth con-
trolling factors.

They visualised the development
of predictive models relevant to
the broad categories of different
food types that would enable pre-
dictions to be made in respect of
quality and safety.

Today, predictive models are
very useful for assessing the safety
and stability of new formulations
and they can be used to select

combinations of growth limiting factors
which can increase the safety or shelf life of
the new product. They are also very useful
when a process or formulation change to an
existing product is required, as the model
will be able to predict if the change will have
any effect on the safety and shelf life of the
product.

Mathematical models can take many
forms, but in the majority of cases the mod-
els used in predictive food microbiology are
kinetic descriptions of growth or death, and
two main approaches to kinetic modelling
are used.

Two main approaches

One is based on modelling the growth rate
and using this to make predictions on expo-
nential population growth.

The model assumes that a typical food
sample contains sufficient nutrients to allow
the growth of micro-organisms until the
number has reached or exceeded spoilage
or infectious dose levels, and that the rate of
growth will be controlled by factors such as
temperature, pH, available water, and
gaseous atmosphere.

If a detailed knowledge of the effect of
these factors on the growth of the target
organism is known, then the micro-organism
responses should enable predictions of the
rate and extent of the growth of the target
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micro-organism to be made. It is an
effective model when one or two para-
meters are used, but it is less useful
when combinations of controlling fac-
tors are to be used and the second
form of kinetic model is more useful in
this instance.

The second form is the sigmoid
model, and this is used to predict micro-
bial growth in a food environment con-
taining many controlling parameters,
such as sodium nitrite concentrations,
aerobic and anaerobic atmospheres and
salt concentration. It is based on fitting
curves to real experimental data and
from which mathematical formulae are
derived to predict how different factors
interact and give rise to specific out-
comes.

Although predictive microbiology is pri-
marily involved with the behaviour of micro-
organisms during the growth phase, each of
the four phases is important for understand-
ing how the micro-organisms will grow
under the conditions being studied.

Variations in the lag phase of two micro-
organisms for example, will influence the
shape of the sigmoid curve of each, even
though the growth rates of the two organ-
isms may be identical.

Lag phase

The length of lag phase will be influenced by
the initial concentration of micro-organisms
present and their physiological state. The lag
time will be longer in instances where injury
has occurred, for example from heat or
freezing as the micro-organism will need to
repair as well as adapt to the new environ-
ment.

Where the cells are adapted to the envi-
ronment, the lag phase may be very short

Growth phase

The cells grow exponentially and at a con-
stant rate during the growth phase, with cell
growth being dependant on the environ-
ment.

Stationary phase

This is the point at which the micro-organ-
ism numbers reach maximum density and is
often called the carrying capacity of the envi-
ronment.

The population density is influenced by the
controlling parameters within the food such
as pH, available water and preservatives.

Death phase

This occurs when cells begin to die as the
conditions deteriorate to the point where
they will not support growth. This may be
due to factors within the food such as the

exhaustion of nutrients, or the accumulation
of high concentrations of organic acids or an
external influence, such as the application of
heat.The lag and growth phases tend to be
most relevant for pathogen and spoilage
organism studies, as infective doses or
spoilage will often occur before the station-
ary or death phases are reached, but they
may be important in the understanding of
growth and inactivation within the food
environment. 

Another form of modelling is probability
modelling, which is used to predict the likeli-
hood of an event, such as toxin formation
occurring in the food. 

These models are often much cheaper to
produce and can be very useful in certain
circumstances, for example predicting the
probability of growth or survival of certain
pathogens, or the likelihood of spoilage
occurring.

Development of models

A number of variables need to be consid-
ered during the development of the model,
to ensure a good experimental design.

The micro-organisms used may be strain
specific, but it is safer to use a combination
of strains, and the strains used should have
been isolated from a food source. The test
material should be inoculated using strains
that are in late growth phase and this should
be consistent throughout the development.

When predictive models were first pro-
duced, most of the micro-organisms were
modelled in growth medium, whereas
nowadays food is normally used as the test
matrix.

The presence or absence of a flora which
is indigenous to the food (spoilage organ-
isms) is another important characteristic of
the test matrix, as a large spoilage flora may
inhibit the growth of the inoculum.

The model should be validated before use
by comparing the model predictions to
actual experimental observations which are
performed separately to the tests used to
prepare the model.

The two major factors used to test the
accuracy of the model are the bias and accu-

racy factors.
The bias factor
compares the
experimental data and the model pre-
diction to assess whether the model
over or under estimates the response
time of bacterial growth.

A bias factor of more than 1.0 indi-
cates that the growth model is fail-dan-
gerous, whilst a factor of less than 1.0
means the model will fail-safe; a bias fac-
tor of exactly 1.0 indicates perfect
agreement between the observed and
predicted result.

The accuracy factor is the sum of the
absolute differences between the test
data and the predicted result and mea-
sures the overall error.

Although Roberts and Jarvis consid-
ered the traditional methods of food quality
and assurance testing to be ‘an expensive
and negative science’ it is clear that predic-
tive microbiological models cannot totally
replace laboratory analysis, and models
must be used by trained, experienced
microbiologists with an understanding of
their limitations of use.

Modelling in food microbiology assumes
that the measurements obtained from labo-
ratory cultures will reflect how the micro-
organism will behave in a food with a
corresponding pH, temperature or available
water. This may not always be the case, as
some other factor may be present in the
food that was not present in the test culture. 

For this reason it is important that the
method is validated for individual foods and
that a prediction is used only as a guide to
the response of the micro-organism to a
particular set of conditions.

A predictive microbiological model should
not be used alone to determine the safety of
foods and processing methods and addi-
tional studies such as laboratory based sam-
pling and analysis and challenge testing may
be required to assess the ability of the
micro-organism to grow or survive in the
product.                                                      ■
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