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Webinar Housekeeping 

CƻǊ ōŜǎǘ ǾƛŜǿƛƴƎ ƻŦ ǘƘŜ ǇǊŜǎŜƴǘŀǘƛƻƴ ƳŀǘŜǊƛŀƭΣ ǇƭŜŀǎŜ ŎƭƛŎƪ ƻƴ ΨƳŀȄƛƳƛȊŜΩ ƛƴ ǘƘŜ ǳǇǇŜǊ ǊƛƎƘǘ ŎƻǊƴŜǊ ƻŦ ǘƘŜ Ψ{ƭƛŘŜΩ ǿƛƴŘƻǿΣ 
ǘƘŜƴ ΨǊŜǎǘƻǊŜΩ ǘƻ ǊŜǘǳǊƴ ǘƻ ƴƻǊƳŀƭ ǾƛŜǿΦ  

  

!ǳŘƛƻ ƛǎ ōŜƛƴƎ ǘǊŀƴǎƳƛǘǘŜŘ ƻǾŜǊ ǘƘŜ ŎƻƳǇǳǘŜǊ ǎƻ ǇƭŜŀǎŜ ƘŀǾŜ ȅƻǳǊ ǎǇŜŀƪŜǊǎ ΨƻƴΩ ŀƴŘ ǾƻƭǳƳŜ ǘǳǊƴŜŘ ǳǇ ƛƴ ƻǊŘŜǊ ǘƻ ƘŜŀǊΦ ! 
telephone connection is not available. 

  

Questions should be submitted to the presenters during the presentation via the  Q & A section at the right of the screen. 

  

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. 

  

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

 

http://www.foodprotection.org/


ÁModerator  

ÁMarcel Zwietering 

ÁWageningen University 

Ámarcel.zwietering@wur.nl 

 

ÁQuestions should be submitted via the Text 
Chat section at the bottom of the screen. 

 

 

 

Facilitated Discussion 
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Contact information for presenters 

ÁLihan Huang, Ph.D., CFS 

ÁUSDA Agricultural Research Service 

Álihan.huang@ars.usda.gov 

ÁAntonio Valero, PhD 

ÁUniversity of Cordoba (SPAIN) 

Áavalero@uco.es 

 

ÁAt the end: Keep your browsers open to 
complete the survey 





USDA Integrated Pathogen Modeling Program  

 A platform for easy and accurate data analysis in 

predictive modeling 

 
 Lihan Huang, Ph.D. 

Research Leader 
Residue Chemistry and Predictive Microbiology Research Unit 

Eastern Regional Research Center 
USDA Agricultural Research Service 

Wyndmoor, PA 



USDA Integrated Pathogen 
Modeling Program (IPMP) 

A suite of data analysis tools that contains 20+ most frequently 
used models  
ÅIntelligent, interactive data analysis and model development 
ÅVery easy-to-use graphical-user interfaces to guide every step 
ÅStandardized data analysis and interpretation 

What is it?   Google it. 



Website to download 

ÅIPMP is located in a secured USDA website 
Å https://www.ars.usda.gov/northeast-area/wyndmoor-pa/eastern-regional-

research-center/docs/ipmp-2013/ 

ÅA tutorial  

ÅDownload Instructions  

ÅCompiled software (zipped file)  

ïWindows 32 or 64 bit, Vista to Windows 10 



Primary and secondary models 

ÅPrimary model (time) 

ïIsothermal curves (growth and survival) 

ïGrowth rate and lag time 

ïD value 

ÅSecondary model (temperature) 

ïEffect of temperature on growth rate and lag time 

ïEffect of temperature on D values (z value) 



Predictive Microbiology as An Inverse Problem 

Åy = f(x, a, b) 

Åx is the independent variable 

Åy is the dependent variable 

Åa and b are coefficients 

ÅWe know x and y, but do not know a and b 

ÅWe will find a way to identify a and b from x 
and y 

ÅThis is an inverse problem 



Predictive Microbiology as A Forward Problem 

Åy = f(x, a, b) 

Åx is the independent variable 

Åy is the dependent variable 

Åa and b are coefficients 

ÅWe know a and b 

ÅWe want to know how y changes with x 

ÅThis is a forward problem 



The Traditional Approach:  
a 3-step process 

Isothermal 1 

Isothermal 2 

Isothermal 3 

Isothermal n 
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Step 1 ς Primary model 
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Predictions 

Step 3 - Predictions 

Inverse problem 

Forward problem 

Data collection Data analysis 



Primary Models for Growth 

ÅGompertz model 

ÅBaranyi model 

ÅHuang model 

ÅBuchanan 3-phase (trilinear) model 

Isothermal growth curves 

1. How long is the lag phase? 
2. How fast can a microorganism grow? 
3. What is the maximum cell density? 

We are interested in answering 3 questions from a 
growth curve 
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Primary Models for Survival (Inactivation)  

ÅLinear model 

ÅWeibull model 

ÅGompertz model 

We are interested in answering 1 question from a 
survival curve 

How fast does a microorganism die off? 
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Secondary Models 

ÅWhat is the relationship between rate and 
temperature? 

ÅWhat are the minimum, optimum, and 
maximum growth temperatures? 



Techniques for Data Analysis 

ÅLinear regression 

ÅNonlinear regression 

ÅTypical inverse problems 



Commercial and Free Data Analysis 
and Statistical/Math Tools 

http://www.r-project.org/misc/acpclust.R


Commercial Data Analysis and 
Statistical/Math Tools 

ÅVery powerful 

ÅProduct-specific programming 

ÅNot so user-friendly 

ÅTraining and learning 

ÅMost are very expensive 

ÅDifficult to learn and use 

 



Some mysteries of predictive modeling 

ÅMath is too hard 

ÅL ŘƻƴΩǘ ƪƴƻǿ ǿƘƛŎƘ ƳƻŘŜƭ ǘƻ ŎƘƻƻǎŜ 

ÅL ŘƻƴΩǘ ƪƴƻǿ ǿƘƛŎƘ ƳƻŘŜƭ ƛǎ ōŜǘǘŜǊ 

ÅL ŘƻƴΩǘ ƘŀǾŜ ŀ ǇǊƻƎǊŀƳ ǘƻ Řƻ ƛǘ 

ÅL ŘƻƴΩǘ ƪƴƻǿ Ƙƻǿ ǘƻ program 

 



Specific to Nonlinear Regression 

ÅInitial guess values 

ÅImproper initial guess values may not help in 
finding solutions (convergence) 

ÅGraphical visualization helps finding suitable 
initial guess values 



USDA - IPMP 

ÅBased on a modern object-oriented computing 
language 

ÅAdvanced scientific computing libraries 

ÅModern graphical-user interface 

Å20+ mathematical models 

ÅAccuracy identical or equivalent to SAS and R 

 



IPMP User Interface 

Data window 

Model window 

Plot window 

Report window 

About IPMP 
Menu bar Tool bar 

Help 

Exit 

Plot window 

Report window 

Data entry and output 



IPMP 2013 Model Window 
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Exponential + stationary growth phases 
(no lag phase) 

time 

B
a

ct
e

ri
a

l 
co

u
n
ts 

Complete growth curves 

time 

B
a

ct
e

ri
a

l 
co

u
n
ts 

Survival curves 

Temp 

m
1

/2
 

Effect of temperature on growth rate 



IPMP 2013 Data Analysis 

Pop up window 

Preliminary curve 

Raw data 

Slide to adjust parameter 

Click to adjust the spin box 

Fine-tuning capability 



IPMP 2013 Data Analysis 

Fine-tuned parameter 

Fine-tuned curve 



Report Generation 

Parameters 

Error analysis 

Raw data 
Predicted value 

Sum of squared errors 

Mean squared errors 
Root mean squared errors 

Lower and upper 95% confidence intervals for the expected value (mean) 

Lower and upper 95% confidence intervals for individual prediction 

Lower and upper 95% confidence intervals 

Akaike criterion 



Exponential growth and stationary phase 
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Cronobacter sakazakii in reconstituted infant formula 



Lag phase and exponential growth 
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raw data Huang Baranyi
Listeria monocytogenes in beef frankfurters 



Lag phase, exponential growth, and stationary phase 
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raw data Huang Baranyi Gompertz

E. coli O157:H7 in beef 



Survival curves 
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raw data Linear Gompertz Weibull

L. monocytogenes in ground beef 



Temperature effect ς Square-root Models 
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Cardinal model/Arrhenius-type model 
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Performance of IPMP 
Comparison with Standard Statistical Packages 



Comparison with Standard Statistical Packages 



IPMP for Data Analysis 
ÅSimple data entry 

ÅChoose models that suit your data 

ÅUse graphical interfaces to adjust parameters for 
faster (almost guaranteed) convergence 

ÅAll data analysis and calculation are done behind 
the scene 

ÅFast and accurate 

ÅCompare different models for the same set of data 

ÅIPMP has significantly lowered the bar for those 
who want to work on predictive modeling 

 



Thank you! 

Lihan.Huang@ars.usda.gov 




