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Predictive Microbiology 

THE CONCEPT 
 

A detailed knowledge of microbial responses to 
environmental conditions, synthesized in a 

mathematical model, enables objective evaluation of 
processing, distribution and storage operations on 

the microbiological safety and quality of foods, 
by monitoring the environment without 

recourse to further microbiological analysis 
 



Predictive Microbiology 

THE PRINCIPLES 
 

üGrowth, survival and inactivation of microorganisms in foods are 
reproducible responses 

üA limited number of environmental parameters in foods determine 
the kinetic responses of microorganisms (Temperature, Water 
activity/water phase salt, pH, Food preservatives 

üA mathematical model that quantitatively describes the combined 
effect of the environmental parameters can be used to predict growth, 
survival or inactivation of a microorganism and thereby contribute 
important information about product safety and shelf-life 
 

Roberts and Jarvis (1983) 



Predictive Microbiology 

APPLICATIONS 
 

üPredict the effect of product characteristics and storage 

üconditions on microbial responses (safety and shelf-life) 

üPredict effect of changes in parameters (product development) 

üHACCP plans ς establish limits for CCP 

üFood safety objectives ς equivalence of processes 

üEducation ς easy access to information 

üQuantitative microbiological risk assessment (QMRA) 

ü(The concentration of microbial hazards in foods may increase or 
decrease substantially during processing and distribution) 

 



Predictive Microbiology 

TYPES OF MODELS 
 

üPrimary models: describing the microbial evolution 
(growth, inactivation, survival) as a function of time. 
Estimate kinetic parameters 

 
üSecondary models: describing kinetic parameters as a 
function of influencing factors like pH, temperature, water 
ŀŎǘƛǾƛǘȅΣ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ǇǊŜǎŜǊǾŀǘƛǾŜǎΣ Χ 

 
üTertiary models: integrate primary and secondary models 
in a software tool 



Predictive Microbiology 

STEPS IN MODEL DEVELOPMENT 

üFitting data to primary model 

Translate growth curves to numbers 



Predictive Microbiology 

STEPS IN MODEL DEVELOPMENT 

üEstimation of kinetic parameters 



Predictive Microbiology 

STEPS IN MODEL DEVELOPMENT 

üPrimary models 
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STEPS IN MODEL DEVELOPMENT 

üPrimary models 



Predictive Microbiology 

STEPS IN MODEL DEVELOPMENT 

üMathematical description of the effect of the 
environmental factors to the kinetic parameters (secondary 
models) 



Predictive Microbiology 

STEPS IN MODEL DEVELOPMENT 

üSecondary models 

üKinetic models 
ω tƻƭȅƴƻƳƛŀƭ ŀƴŘ ŎƻƴǎǘǊŀƛƴŜŘ ƭƛƴŜŀǊ ǇƻƭȅƴƻƳƛŀƭ ƳƻŘŜƭǎ 
ω {ǉǳŀǊŜ-root-type models 
ω  Arrhenius type models 
ω /ŀǊŘƛƴŀƭ ǇŀǊŀƳŜǘŜǊ ƳƻŘŜƭǎ 
ω  Gamma concept models 
ω !ǊǘƛŦƛŎƛŀƭ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎ 
üGrowth/no growth interface models  
(probabilistic models) 



Predictive Microbiology 

STEPS IN MODEL DEVELOPMENT 

üSecondary models 

Square root type model 
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STEPS IN MODEL DEVELOPMENT 

üSecondary models 

Square root type model 



Predictive Microbiology 

STEPS IN MODEL DEVELOPMENT 

üSecondary models 

Gamma concept models 

many factors that affect microbial growth rate act independently, 
effect of each can be represented by a discrete term that is multiplied 
by terms for the effect of all other growth rate affecting factors 
 
 
the effect on growth rate of any factor can be expressed as a fraction 
of the maximum growth rate (i.e., the rate when that environmental 
factor is at the optimum level) 
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STEPS IN MODEL DEVELOPMENT 

üSecondary models 

Gamma concept models 
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STEPS IN MODEL DEVELOPMENT 

üSecondary models 

Cardinal parameter model 



Probability models for the ability of growth 
 
The dependent variable is discrete (1 for growth and 0 for no 
growth) 
 
Use of logistic regression with logitP transformation of the 
response variable 

STEPS IN MODEL DEVELOPMENT 

üGrowth no growth boundary models 

Predictive Microbiology 
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STEPS IN MODEL DEVELOPMENT 

üValidation of models 

Most models are developed in laboratory media. There can be no 
guarantee that predicted values will match those that would occur in 
any specific food system. Before the models could be used in such a 
manner, the user would have to validate the models for each specific 
food of interest. 
 
Internal validation: Comparison between predicted and observed 
values for data used for model development 
External validation: Comparison between predicted and observed 
values for independent data 



Predictive Microbiology 

Secondary model 

Calculation of kinetic 
parameters for the 
environment of interest 

Primary model 

STEPS IN MODEL DEVELOPMENT 

üPrediction of microbial growth 



Predictive Microbiology 
Example 1 
Development of a model for Listeria monocytogenes growth 

in pasteurized milk 



Predictive Microbiology 
Example 1 
Development of a model for Listeria monocytogenes growth 

in pasteurized milk 

Step 1. Data collection 



Predictive Microbiology 
Example 1 
Development of a model for Listeria monocytogenes growth 

in pasteurized milk 

Step 2. Fitting growth data to a primary model 
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Predictive Microbiology 
Example 1 
Development of a model for Listeria monocytogenes growth 

in pasteurized milk 

Step 2. Estimation of kinetic paramaters 
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Example 1 
Development of a model for Listeria monocytogenes growth 

in pasteurized milk 

Step 3. Fitting kinetic parameters data to a secondary model 



Predictive Microbiology 
Example 1 
Development of a model for Listeria monocytogenes growth 

in pasteurized milk 

Step 3. Fitting kinetic parameters data to a secondary model 



Predictive Microbiology 
Example 1 
Development of a model for Listeria monocytogenes growth 

in pasteurized milk 

Step 4. Validation under dynamic conditions 

prediction based on the square root model for the estimation of the 
άƳƻƳŜƴǘŀǊȅέ ǊŀǘŜ ŀƴŘ ǘƘŜ ŘƛŦŦŜǊŜƴǘƛŀƭ Ŝǉǳŀǘƛƻƴǎ ƻŦ .ŀǊŀƴȅƛ ŀƴŘ 

Roberts model which were numerically integrated with respect to 
time: 



Predictive Microbiology 
Example 1 
Development of a model for Listeria monocytogenes growth 

in pasteurized milk 

Step 4. Validation under dynamic conditions 



Predictive Microbiology 
Example 2 

Modeling the Boundaries of Growth of Salmonella 
Typhimurium in Broth as a Function of Temperature, Water 

Activity, and pH 



Predictive Microbiology 
Example 2 
Strains: S. Typhimurium  (ATCC 70408, ATCC 14028, R-4, R-5, SF-530 

Growth medium: TSB 

Method: Optical density in microtitre plates 

Conditions: pH (HCl 1N): 3.76, 3.94, 4.24, 4.45, 4.76,                                        
4.96, 5.19, 5.47, 5.96, 6.44 

aw (NaCl): 0.997, 0.983, 0.971, 0.960, 
0.948, 0.939, 0,928, 0.913, 0.900 

T: 10, 15, 25, 30, 35 oC 

Storage time: 60 ́ ˃ʷˊʶˌ 



Predictive Microbiology 
Example 2 

Combination of conditions tested 

In each conditions we 
record growth (1) or 

no growth (0) 



Predictive Microbiology 
Example 2 

Combination of conditions tested 

(=f(aw)) 

Open symbols: No Growth 
Closed symbols: Growth 


