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We know our RTE product is safe… but

One day, is was on the sun for one hour

What should we do?
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Predictive microbiology
Part of food science that develops and validates mathematical 
models to predict the microbial response within the food chain
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Growth Inactivation Growth boundary



Predictive microbiology is mature now

~100 or 50 years old

Main principles defined

Established experimental methodologies

Sheared modeling approaches 

Included in some regulations
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(Some) applications of predictive micro

Process design

Shelf life estimation

HACCP plans

Food Safety Objectives

Quantitative Microbial Risk Assessment

Education
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The usual modelling approach

Primary model: relationship between the microbial count and 
the elapsed time
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Secondary model: relationship between the kinetic 
parameters and the environment (temperature, pH…)



Model fitting is central in predictive microbiology

Parameters cannot be known

They are estimated from data

Always question validity

7



Issue: predictive micro cannot be done by hand

Methodology well established…

but complex

Fitting of non-linear models can be 
complicated (identifiability).

Dynamic growth requires models in 
differential equations.
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Software can bridge this gap

During the last years several applications to make life easier

Simplify and facilitate the model process

Cover practically every step of QMRA/shelf life estimation
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biogrowth & bioinactivation
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Main goal: facilitate predictive microbiology

▪ Model fitting & calculation of predictions
▪ Isothermal & dynamic conditions
▪ Deterministic & stochastic
▪ Model comparison



Who may use these tools?
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Wet lab 
scientists

Dry lab 
scientists

Interpretation

Data 
gathering

Data 
analysis

Model 
development

Ease of use Flexibility



An architecture to make everyone happy

An R package

▪ Core functions for 
predictive microbiology

▪ Integration in other 
workflows, automation...

▪ Flexibility
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An online application

▪ User-friendly interface to the 
R package

▪ Additional functions for 
model interpretation

▪ Ease of use



Transparency as a principle
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Open Code

Detailed manuals

Implementation details

Code examples
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Features of biogrowth
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Model fitting
▪ Primary models
▪ Dynamic experiments
▪ Global fitting
▪ Cardinal parameters
▪ Fixing any parameter
▪ Any number of factors
▪ Several models

Predictions
▪ Isothermal conditions
▪ Parameter uncertainty
▪ Dynamic conditions 
▪ Any number of factors
▪ Several models

Other
▪ Visualization
▪ Statistical summaries
▪ Goodness of fit
▪ Results export



Isothermal growth

16

Nmax

μ

λ

Lag 
phase

Exponential 
phase

Stationary 
phase



Primary models in biogrowth
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Baranyi

modified Gompertz

Richards

Logistic

Trilineal



Secondary modelling - gamma concept
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Hypotheses:

● each suboptimal factor (pH, aw, T...) reduces the growth rate
● each effect is independent

Xmax

Xopt

Xmin

Models included

● Cardinal parameter model

● Full Ratkowsky model

● Zwietering-type models



The biogrowth R package

Available from CRAN

install.packages(“biogrowth”)

Extensively documented
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Just a few lines
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The online version of biogrowth

https://foodmicrowur.shinyapps.io/biogrowth/
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PC smartphone



Open code

https://github.com/albgarre/biogrowth
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https://github.com/albgarre/biogrowth_web



Live demonstration
https://foodmicrowur.shinyapps.io/biogrowth/
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Steps

▪ Fitting primary growth models
▪ Fitting cardinal growth models (temperature & pH)
▪ Validation under dynamic conditions
▪ Fitting dynamic growth models
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Features of bioinactivation
Model fitting
▪ Primary models
▪ Two-step fitting
▪ One-step fitting
▪ Dynamic models
▪ Fixing any model parameter
▪ Several models
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Predictions
▪ Isothermal conditions
▪ Dynamic conditions
▪ Parameter uncertainty
▪ Several models

Other
▪ Visualization
▪ Statistical summaries
▪ Goodness of fit
▪ Results export



Isothermal models included in bioinactivation
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Bigelow 

logN = logN0-t/D

Peleg

logN = logN0-b·tn

Mafart

logN = logN0-(t/ẟ)p

Metselaar

logN = logN0-Δ(t/(ΔDΔ))p

Geeraerd

logN = logNres + log10(( (10logN0-logNres-1)·ek·SL)/(ek·t + ek·SL-1)+1)

2 pop. Weibull

N = N0/(1+10𝛼𝛼)[10- (t/ẟ1)^p1 + 𝛼𝛼 + 10- (t/ẟ2)^p2]

Trilinear model

logN = logN0; t < SL
logN = logNres; t > tres
logN = logN0 - (t-SL)/D; otherwise



Dynamic models included in bioinactivation
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Bigelow 

Geeraerd Peleg

Mafart



The bioinactivation R package

Available from CRAN

install.packages(“bioinactivation”)

Extensively documented

https://github.com/albgarre/bioinactivation
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Just a few lines
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The web version
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bioinactivation4
Complete interface to the package
Improved & modernized interface
Additional editing tools

2022

bioinactivation FE
Extended functions
One-step fitting
Dynamic predictions

2018

bioinactivation SE
Illustration of the package
Fitting dynamic experiments

2017



Open code

https://github.com/albgarre/bioinactivation
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https://github.com/albgarre/bioinactivation4



Live demonstration
https://foodlab-upct.shinyapps.io/bioinactivation4/
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Steps

▪ Fitting primary inactivation models
▪ Fitting secondary models: one & two-step approach
▪ Validation under dynamic conditions
▪ Fitting dynamic inactivation models
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Additional reading
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Roadmap
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2022

biogrowth package
update

bionactivation4
releas e 

2023

biogrowth web
optimize
new features
releas e

bionactivation
modernize



Conclusions

▪ bioinactivation and biogrowth try to make life easier

▪ They can ease focusing on the most relevant parts of a study
▪ They are free, open and transparent
▪ Users decide software quality
▪ Your feedback is essential for improving the tools

37



Acknowledgements

alberto.garreperez@wur.nl

38

For software feedback:
● Prof. Fernando Perez-Rodriguez, Dr. Aricia Possas, 

Cristina Diaz Martinez (UCO)
● Dr. Ignacio Alvarez, Dr. Guillermo Cebrian 

(Unizar)
● Dr. Annemarie Pielaat and Dr. Joost Smid 

(Unilever)
● Xuchuan Ma, George Pampoukis (WUR)

Heidy den Besten
Marcel Zwietering
Jeroen Koomen

Jose A. Egea
Pablo S. Fernandez
Roland Lindqvist
Marta Clemente-Carazo



backup slides
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Fitting primary models
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Isothermal fitting
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