
IAFP Webinar: May 15, 2025, 10:30-11:30 AM CST

Moderated by Dr. Abdullatif Tay, PepsiCo

AT

Organized by Modelling and Risk Analysis PDG

Predicting the Troublemakers: 

Guidance and a Computer Tool for 

Microbial Growth



WEBINAR HOUSEKEEPING

• It is important to note that all opinions and statements are those of the individual 
making the presentation and not necessarily the opinion or view of IAFP.

•All attendees are muted. Questions should be submitted to the presenters during 
the presentation via the Q&A or Chat section on your screen. Questions will be 
answered at the end of the presentations.

• This webinar is being recorded and will be available for access by IAFP members  
within one week.



Meet Our Expert Speakers

Wageningen University Ferrero Agricultural University of 

of Athens

"How to predict growth of 
microorganisms?" 
Fundamental principles of microbial 
growth prediction, key factors 
affecting growth kinetics, and 
mathematical models

"Development of an international 
standard on the determination and 
use of cardinal values for growth" 
Insights on ISO's standardization 
efforts for microbial growth 
prediction

"User-friendly, freely available 
computer tool to predict microbial 
growth" Demonstration of 
accessible tools for food safety 
professionals with practical 
applications

Dr. Heidy den Besten Dr. Panagiotis SkandamisDr. Mariem Ellouze



How to predict growth microorganisms?

Professor Heidy den Besten, heidy.denbesten@wur.nl

15 May 2025



▪ All models are wrong …… some are useful (Box)

▪ All models are correct …... but they are not perfect (Zwietering)

Decision support system

Buienrader.nl



▪ Bacterial growth: 1 – 2 – 4 – 8 – 16 – 32 – …. (=2n)

▪ Generation time: time to generate a new generation

Growth of microorganisms
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▪ Exponential growth: 1 – 2 – 4 – 8 – 16 – 32 – …. (=2n)

▪ Growth curve: log N / g

N = number of cells

Growth of bacteria

transition
phase

lag 

phase 

exponential 

phase 

stationary 

phase 

decay 

phase 

Time (h)time (h)



𝑁𝑡 = 𝑁0 ∙ 2
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𝑡

𝐺𝑇

Exponential growth

time (h)

n    = number of generations
t     = time (hour)
GT  = generation time (hour)
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t     = time (hour)
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    = growth rate on ln-scale (/h)
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    = ln(10)  k



▪ Growth rate is affected by multiple factors (e.g., Temp, pH, HA, aw) 

that act independently

μ = μopt ∙ γ(T) ∙ γ(pH) ∙ γ(HA) ∙ γ(aw)

Prediction of  using gamma model

γ condition =
growth rate at actual condition

growth rate at optimal condition
γ [0-1]



Gamma model: fraction of growth rate

The fraction of μopt is termed “γ” 
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Gamma model: fraction of growth rate

pHmin

pH1/2

Aryani et al., 2015

pH
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Gamma model: fraction of growth rate

The fraction of μopt is termed “γ” 

γ HA

[HA] mM

γ(T)= 
T-Tmin

Topt-Tmin
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; γ(pH)=
(pH-pHmin)∙(pHmax-pH)

 pHopt-pHmin ∙ pHmax-pHopt 
; γ(aw)=

 aw-awmin
 

 1-awmin
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; γ(pH)=
(pH-pHmin)∙(pHmax-pH)

 pHopt-pHmin ∙ pHmax-pHopt 
; γ(aw)=

 aw-awmin
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; γ(pH)=
(pH-pHmin)∙(pHmax-pH)

 pHopt-pHmin ∙ pHmax-pHopt 
; γ(aw)=

 aw-awmin
 

 1-awmin
 

 
ɣ(pH) =

 
 
 

 
 0, 𝑖𝑓 𝑝𝐻 ≤ 𝑝𝐻𝑚𝑖𝑛

 1−2
 𝑝𝐻−𝑝𝐻𝑚𝑖𝑛 

 𝑝𝐻𝑚𝑖𝑛−pH 1/2   , 𝑖𝑓 𝑝𝐻> 𝑝𝐻𝑚𝑖𝑛
 γ HA = 1 −
HA

HAmax

2.5 5



Gamma model: fraction of growth rate

γ HA

[HA] mM

2.5 5

Effect temperature Effect pH

Tmin: -1.5

Topt: 37

pHmin: 4.4

pH1/2: 5.0
aw,min: 0.92

Effect awEffect [HA]

[HAmax] : 5.0

Cardinal values are pathogen-specific

Cardinal parameters Listeria monocytogenes

γ HA



Estimation of 

γ HA

[HA] mM

Vegetable product: T=7°C, pH=4.5, HA = 0 mM, aw=0.997

γtot = γ T ∙ γ pH ∙ γ HA ∙  γ aw = 0.049 ∙ 0.109 ∙ 1 ∙ 0.96 = 0.005

 = γtot ∙ μopt = 0.005 ∙ 1 = 0.005 h-1

2.5 5



Estimation of  and ranking of effects

γ HA

[HA] mM
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γtot = γ T ∙ γ pH ∙ γ HA ∙  γ aw = 0.049 ∙ 0.109 ∙ 1 ∙ 0.96 = 0.005

 = γtot ∙ μopt = 0.005 ∙ 1 = 0.005 h-1

reduction factors Temp: 20.5, pH: 9.2, HA: 1, aw: 1.04
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Estimation of  and ranking of effects

γ HA

[HA] mM

Vegetable product: T=7°C, pH=4.5, HA = 0 mM, aw=0.997

γtot = γ T ∙ γ pH ∙ γ HA ∙  γ aw = 0.049 ∙ 0.109 ∙ 1 ∙ 0.96 = 0.005

 = γtot ∙ μopt = 0.005 ∙ 1 = 0.005 h-1

generation time = 
ln 2


= 135 h ≈ 5.6 days

reduction factors Temp: 20.5, pH: 9.2, HA: 1, aw: 1.04

2.5 5



▪ Structured/transparent/simple

▪ Insight (gamma’s: ranking, how to influence)

▪ Quantitative

Pro of gamma model



▪ Structured/transparent/simple

▪ Insight (gamma’s: ranking, how to influence)

▪ Quantitative

But

All models are correct …... but they are not perfect

Pro of gamma model



Enter 

your image
Development of an international standard on the determination 
and use of cardinal values for growth

Mariem Ellouze,

Group Food Microbiology Senior Manager

15/05/2025



Why do we need standardization?

• How you standardize the «wet» part is relatively easy

• How you standardize the «dry» part is less straightforward



Why do we need standardization?



Why do we need standardization ?

Abundant literature on the topic… but great differences!

• Possible methods for measurements : indirect (OD) vs direct (CFU) and others (conductivity)

• Conditions of experiments: static (fixed) conditions vs dynamic (fluctuating) conditions

• Models used: cardinal models vs square root model

• Raw data used: growth rates vs transformations of the growth rates (sqrt, ln)

• Experimental design: a single or several factors tested at a time

→ All this has an influence on the result !! And on the use of predictive microbiology models for industrial 

applications. Need for harmonization.



A journey that strated in 2017

• Secretariat: Marine Huart, AFNOR, Convenior: Nicolas Nguyen Van Long, ADRIA, Project Lead: Mariem Ellouze, 

Ferrero

• Working Group:

1. Heidy M.W. den Besten, Wageningen University

2. Jeanne-Marie Membre, INRAE / ONIRIS

3. Yvan Le Marc, ADRIA

4. Panagiotis Skandamis, Agricultural Univerity of Athens

5. Rachel Binet, FDA

6. Valérie Stahl, AERIAL

7. Thiemo Albert, University of Leipzig

8. Vasilis Valdramidis, National and Kapodistrian University of Athens

9. Jurgen Chardon, RIVM

10. Aldo Evers, Normec Foodcare

11. Paul in’t Veld, Netherlands Food and Consumer Product Safety Authority 

12. Jiska Oostveen, FoodConsult

13. Ursula Gonzales Barron, CIMO, LA SusTEC, Instituto Politécnico de Bragança

14. Vasco Cadavez, CIMO, LA SusTEC, Instituto Politécnico de Bragança

15. Alberto Garre, Universidad Politécnica de Cartagena 

16. Fabio Zuccon, Istituto Zooprofilattico Sperimentale del Piemonte

17. Ruben Barcia Cruz, ANSES

18. Nathalia Buss Da Silva, Nestlé Research



The standard



The finishing line



User-friendly, freely 
available computer 
tool to predict 
microbial growth

Professor 
Panos N. Skandamis

Agricultural University of Athens, 
Greece

pskan@aua.gr

Predicting the troublemakers: Guidance and a computer tool to predict microbial growth, IAFP Webinar, 15 May 2025 38
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Gamma models for the following terms:
T, pH, aw and up to 6 inhibitors

Available modules
• Fitting (primary/secondary)
• Stochastic growth simulations under

static/dynamic conditions
• Variability in:

• Factors controlling microbial growth
• Growth limits
• Lag time (expressed as “ho”=‘the work to be done’)

• QMRA with 4 consecutive modules

https://skandamis.shinyapps.io/Microbial-Growth-Predictor-Dashboard/ 

https://skandamis.shinyapps.io/Microbial-Growth-Predictor-Dashboard/


Fitting module
Primary & Secondary 
models

              
41

https://skandamis.shinyapps.io/Microbial-Growth-Predictor-Dashboard/ 
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https://skandamis.shinyapps.io/Microbial-Growth-Predictor-Dashboard/


Primary model fitting





Fitting Secondary 
(cardinal) models

44



Gamma terms

https://skandamis.shinyapps.io/Microbial-Growth-Predictor-Dashboard/ 

https://skandamis.shinyapps.io/Microbial-Growth-Predictor-Dashboard/


Secondary model fitting

1. Select gamma 
terms to be fitted

2. Set the initial 
estimates of 

gamma 
parameters 

(depending on the 
cardinal terms)

Single-
variable fittingTwo-variables 

fitting



Fitting 
outputs
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Growth simulation 
module

              

49



Gamma terms
Predicting the troublemakers: Guidance and a computer tool to predict microbial growth, IAFP Webinar, 15 May 2025



Selecting gamma terms
Applicable both for fitting & growth simulations

n=1n=2

n=2



Growth 
simulations

Static

Dynamic

Variables

T

aw

pH

1 inh/tor

Other 
variablest vs T, pH, aw

Average
or as:

~N(m, SD)

Variability considered as Norm distribution of:

Intrinsic/Extrinsic factors •Growth limits
•Lag time

Tmin, Tmax, Topt

awmin awmax awopt

pHmin pHmax pHopt
pH1/2

MIC1 inhibitor

Lag time

Stochastic growth 
simulation module:

The backbone

5 inh/tors

Average MIC5 inhibitors

https://skandamis.shinyapps.io/Microbial-Growth-Predictor-Dashboard/ 

https://skandamis.shinyapps.io/Microbial-Growth-Predictor-Dashboard/


Defining cardinal values

T,
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w
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rs

You may 
calibrate the 
model to 
different foods 
or strains via 
this parameter



Use this panel to define the 
mean value (as point 

estimate) or as the mean 
value of the distribution

Use this panel to define the 
SD of each factor for use in 
the normal distributions
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Use this panel to if you want 
to use ONLY the mean 

value of cardinal 
parameters

Use this panel to define the SD 
cardinal parameters following 

normal distributions
In

tr
od
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g 
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r-

st
ra
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Representative graphical outputs 
(also capturing strain-to-strain variability

Thermal inactivation (e.g., 
cooking) after growth

Lag time variability

Variability in lag time 
and/or storage T°C, 
pH, aw, or inhibitor

and/or growth limits

Dynamic t-T-pH-aw 
conditions & variability in 
the growth limits

Dynamic t-T 
condition and 
variability in pH, aw 
and/or the growth 
limits



Digging further to thermal 
inactivation module

Thermal inactivation 
(e.g., cooking) after 
growth acc. to the 
input panel on the 

right



1.
Simulations under static 

conditions, 
deterministically or stochastically
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2a.
Simulations under dynamic 

conditions, 
deterministically or stochastically

(STARTING FROM A TABLE)
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2b.
Simulations under dynamic 

conditions, 
deterministically or stochastically

(STARTING FROM A FILE)
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Growth/No Growth interface 
based on 

gamma concept
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Ημερίδα Γεωργικής Ακαδημίας, Απρίλιος 2025 65



QMRA Module

              

66
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Need Concept-Design On-line demoInteractive tool

Modular process Quantitative Microbial Risk Assessment

Consumer exposure
Estimate of risk per 

serving



Specific features

Partitioning (0-1)
Mixing (Initial + Added mass)
Cross-contamination (P, levels)

Variability (Probability dist/tions)
• Initial contamination
• Time, T, ho, Cardinal values, Growth/reduction 
• Serving size + uncertainty in prevalence (Beta distr.)

Dose response
• Built-in (literature) DR models
• User-defined models
• Beta-Poisson, (Beta-)Binomial, Exponential
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Need Concept-Design On-line demoInteractive tool

Modular process Quantitative Microbial Risk Assessment

Consumer exposure
Estimate of risk per 

serving



Integrating time-T profiles in QMRA for 3 modules

              70



Risk Table

Exposure

Pillness

Risk 
outputs



Ημερίδα Γεωργικής Ακαδημίας, Απρίλιος 2025 72
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Sensitivity analysis



Thank you!
Professor 

Panos N. Skandamis
Agricultural University of Athens, 

Greece

pskan@aua.g

Predicting the troublemakers: Guidance and a computer tool to predict microbial growth, IAFP Webinar, 15 May 2025 74
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Need Concept-Design On-line demoInteractive tool
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Information
Data

! Knowledge !!
Wisdom

!!!(?)

Need Concept-Design On-line demoInteractive tool

Handbooks/textbooks, review articles, 
Expert knowledge, certification

Laboratory analysis, 
technical papers

Scientific publications, data 
bases, statistical process control

Spatio-temporal illustration, 
interactive tools, cloud-
based applications, (AI), 

ChatGPT

“…From humancene (‘ανθρωπόκαινο’), Gaea 
Theory, to Novacene (καινόκαινο) of hyper-
intelligence …”. James Lovelock

Το κρέας και τα προϊόντα του, 31/01-2/2. 2025, Θεσσαλονίκη, ΠΝ ΣΚΑΝΔΑΜΗΣ



Software Fair sessions:
ICPMF (Paris, Rio de Janeiro, Braganca):

2011, 2015, 2019
FoodMicro (Berlin): 

2018
IAFP (Tampa, Louisville): 

2017, 2019 



Questions?



Sponsored By

IAFP Offers Open Access to Webinars During June 2025!

World Food Safety Day is June 7, 2025

In recognition of this day to increase awareness about food safety, IAFP will provide

open access from June 1–30, 2025
to all recorded webinars in the IAFP archives for non-Members.

(Please share this message with your colleagues.)

Scan to link



Future Webinars
 

May 27, 2025 Bringing Food Safety Indoors: Food safety insights for indoor, vertical and modern greenhouse farming

June 3, 2025 Sanitation Break: Legal Interpretation and Industry Practice

June 3, 2025 Risk-Based Approaches to Sanitation in Dry Processing Environments

June 5, 2025   Hygienic Design & Monitoring Strategies to Prevent In-Process Contamination in Food and Beverage 
Applications

https://www.foodprotection.org/events-meetings/webinars/



https://www.foodprotection.org/annualmeeting/



InternationalAssociationforFoodProtection

@IAFPFOOD

international-association-for-food-protection

IAFPFood

Be sure to follow us on social media



This webinar is being recorded and will be available for access by IAFP 
members at www.foodprotection.org within one week.

Not a Member? We encourage you to join today. 
For more information go to: www.FoodProtection.org/membership/

All IAFP webinars are supported by the IAFP Foundation with no charge to participants.

Please consider making a donation to the IAFP Foundation so we can continue to 
provide quality information to food safety professionals.

http://www.foodprotection.org/resources/webinar-archive/
http://www.foodprotection.org/membership/
http://www.foodprotection.org/about/iafp-foundation/
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