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Decision tree to identify if the shelf life is validated, under which category, which studies to  
perform and which limit to apply
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BTSF What is predictive microbiology ?
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Using mathematical models to describe the effect of 

time and environmental factors on microbial behavior

(growth / inactivation / survival).
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Predictive Microbiology is one of the tools 
to validate shelf life studies (EC) 2073/2005

Well established science
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History of PM : From research to Application
Number of publications with key word "predictive microbiology"   

Chick & Watson, 1908 

(disinfection)

Bigelow, 1921 (thermal 

death time curves)

Baranyi and Roberts, 1994 

(Primary growth model)

Rosso, 1995

(secondary cardinal model for growth)

Zwietering, 1992,

Gamma concept

First software fair, 2013.

Mafart et al, 2002, 

(Lamda concept for inactivation )
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• There is no magic !

• Predictability is the key

• The behaviour of micro-organisms is predictable: they behave the 

same under the same conditions. 

8

How does it work?
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1. Pre-digital: 

Results on paper

2. Reactive mode:

Collect or find data when there

is a need (e.g. change in 

regulation), structure each time 

and redo

3. Pro-active:
Data collected pro-actively and structured

in databases, ready to be modeled or re-

used when needed, data flows created for 

future continuous and automated updates

4. Fully predictive
Integrate more complex models

and artifical intelligence



BTSF Data, Models, Tools

Data

→ Microbiological counts and 

meta data (pH, aw…) from

Challenge tests

Models

→ Calibrate the equations to the 

food and validate that it works well

Tools

→ Use the validated models in a 

user friendly IT platform to predict

Microbial behavior

11
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BTSF Modeling approaches

Increasing stressFavorable conditions Unfavorable conditions

Growth kinetic 

models

Growth

No Growth

Growth / no growth    

(G / NG) models

Inactivation kinetic 

models

Factor 1

F
a
c

to
r 

2

Kinteic models use mathematical models considering the time and the environmental factors

Growth / No Growth (G /NG) models use other mathematical models not considering the time

13

→ We will focus on kinetic models for growth 



BTSF Predictive models for growth

Objective: Predict microbial growth using mathematical models taking into 

account the time and the environmental factors

Primary models 

describe the changes in the number 

of organisms over time during growth 

using specific parameters (e.g. 

speed of growth called Maximum 

specific growth rate).

14

Secondary models 

describe the effects of environmental 

factors on the parameters of the 

primary models like the speed of 

growth.



BTSF Primary models

→ Describe the changes in the number of organisms over time during growth 

using specific parameters.

N0

µmax

Nmax

Lag time

15

• Lag (h) time before growth starts

• max (h
-1) maximum specific growth rate

→ Rate / speed at which L. monocytogenes will multiply

→ From challenge tests data, literature, specific databases, 

using plate-counts or OD- binary dilution methods

• N0 (CFU/g or /ml) initial population density 

• Nmax (CFU/g or /ml) maximum population density



BTSF Secondary models

→ Describe the effects of environmental factors

- Temperature, pH, aw

- Organic acids and preservatives

- Other environmental factors : CO2

on the primary parameters (max, lag, Nmax)

16

Primary models
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BTSF Examples of Predictive Microbiology tools

• Based on broth models

• Polynomial modeling approach

for the rate

• No variability: One input at a 

time, possible to run different

simulations

• Based on models in pre-defined

food

• Modeling approach is based on 

Square root and gamma for the 

rate

• No variability, one input at a time, 

poossible to run 2 products in 

parallel for static scenarios

• Based on models in pre-defined

foods and also specific CT

• Modeling approach is based on 

cardinal and gamma for the rate

• Possible to include variability
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https://combase.errc.ars.usda.gov/

Or just type Combase in your search engine

Only first time you

use the website



BTSF How to use ComBase www.combase.cc

Choose the target moo as L. monocytogenes / innocua

Indicate initial contamination in log: e.g. 10 CFU/g = 1 log CFU/g

Indicate physiological state if known, or keep worst case scenario to 1

Indicate product pH

Indicate product aw

Chose the Broth models / Growth revised

Choose Dynamic for time temperature

scenario or static for fixed temperature

Indicate

temperature only

for static here

http://www.combase.cc/
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Installed on your computers 

FSSP



BTSF FSSP Inputs and ranges
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• Temperature (2-25°C), 

• NaCl in water phase (0.7-9.0 %), 

• pH (5.6-7.7), 

• Smoke components/phenol (0-20 ppm), 

• CO2 (0-100 %), 

• Nitrite (0-150 ppm in product), 

• Acetic acid (0-11000 ppm in water phase), 

• Benzoic acid (0-1800 ppm in water phase), 

• Citric acid (0-6500 ppm in water phase), 

• Diacetate (0-3800 ppm in water phase), 

• Lactic acid (0-60000 ppm in water phase) 

• Sorbic acid (0-1300 in water phase). 
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www.symprevius.eu

Sym’Previus

http://www.symprevius.eu/
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Steps for using Sym’Previous

1. Micro-organism

3. Population 

2. Food

4. Simulation
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4. Simulation

Steps for using Sym’Previous
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BTSF Conclusions
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• Predictive Microbiology is a mature science and can be reliably used

• Good quality data is required to build the models

• Available Predictive Microbiology software can be used to evaluate if 

Lm will grow to levels >100 CFU/g at end of shelf life

No need to be a modeler to use these software but it is 

important to get familiar with their specificities. 
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Thank you!
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