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Objectives of This Talk

• What are the Alternate Approaches?
• What are the advantages?
• How have they changed the way the we do 

modeling?
• How useful?
• How can they benefit you?



Thrusts

• More accurate models 
• Faster model development
• More efficient development
• More useful models
• All validated



Project: Development of Predictive Microbial Models for Food Safety using Alternate Approaches

Main Research Objectives
1. Development and validation of predictive models 

for growth of high priority pathogens in processed 
foods

2. Dynamic simulation and probabilistic modeling of 
growth of foodborne pathogens in foods

3. Development of an advanced decision support 
system and software for predictive microbiology 
and food safety regulations

4. Expand where necessary the ARS curve-fitting 
(modeling) program also known as the “Integrated 
Pathogen Modeling Program (IPMP)”



Predictive modeling – different perspectives

• End users – the persons who use models
• A model with necessary parameters to make a 

meaningful prediction
• Forward problem or forward analysis

• Developers – the persons who develop models
• Performing kinetic analysis (data collection)
• Identifying a model and determining kinetic 

parameters
• Inverse problem or inverse analysis – digging 

information from laboratory data
• In-house capacity – experimental design, data 

analysis, and computer programming



Mysteries of Predictive Modeling

• Math is too hard
• I don’t know which model to choose
• I don’t know which model is better
• I don’t have a program to do it
• I don’t know how to program



Interpretation and application of models

• There are so many different variations of models 
• Model parameters may not be interchangeable, 

leading to inaccuracy
• Proper interpretation and application of models 

may be challenging
• Standardized and unified models are needed 

(structure)
• Everyone will use the same language when 

talking to each other



Commercial Data Analysis and Statistical/Math Tools



Commercial Data Analysis and Statistical/Math Tools (2)

• Very powerful
• Product-specific programming
• Not so user-friendly
• Training and learning
• Most are very expensive
• Major contribution of variations in models



Integrated 
Pathogen 

Modeling Program

• Based on a modern object-oriented 
computing language

• Advanced scientific computing 
libraries

• Standardized and unified model 
structures

• Modern graphical-user interfaces
• 20+ mathematical models
• Directly comparable and 

interchangeable model parameters



IPMP 2013 User Interface



IPMP 2013 User Interface (2)



IPMP 2013 Data Analysis



Report Generation



Mendeley report



IPMP in Action



IPMP in Action (1)



IPMP in Action (2)



Mendeley Report - IPMP Viewers



Who uses USDA IPMP?

• It has been used in research and education 
around the world 
– University of Maryland
– West Virginia University
– Athens Agricultural University (Greece)
– Konkut University (South Korea)
– National Taiwan University

• Scientific publications



Who uses USDA IPMP? (1)



Who uses USDA IPMP? (2)



IPMP for Data Analysis
• Simple data entry
• Choose models based on your data
• Use graphical interfaces to adjust parameters for 

faster (almost guaranteed) convergence
• All data analysis and calculation are done behind 

the scene - fast and accurate
• Compare different models for the same set of data
• It is a game-changer ----- IPMP has significantly 

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



The Traditional Approach in Predictive 
Modeling: A 3-step process



Limitations of the Traditional Approach

• Each step accumulates and propagates errors
• The errors of the predictions can be difficult or 

impossible to estimate

Is there a better way to extract information 
from isothermal experiments?



Global Analysis
One-step Direct Kinetic Analysis of Isothermal Curves

1. Data for primary model

2. A secondary model

3. Search parameters of the secondary model so that the 
errors of growth curves are minimized 

4. Direct construction of tertiary models



Global Analysis (2)

• It tries to minimize the global residual error 
for the entire data set

• It directly constructs a tertiary model
• It is validated with experimental data
• The model error can be easily estimated and 

interpreted
• The model is directly usable



One-Step Global Analysis



Salmonella Enteritidis and background microorganisms in potato salad



Accuracy of prediction for S. Enteritidis 



Accuracy of prediction for background microbiota



One-Step Global Analysis (2)



Algorithm development

• We started testing in 2014 
• By 2016, the methodology was firmly 

established
• Computational algorithm was implemented in 

SAS
• Not many can benefit from this method



IPMP - Global Fit (1)

Expanded version available online since Jan. 12, 2017



IPMP - Global Fit (2)



IPMP - Global Fit (3)



IPMP – Global Fit examples (1)
Survival curves



IPMP – Global Fit examples (2)
Survival curves



IPMP – Global Fit examples (3)
Growth curves



IPMP – Global Fit examples (4)



IPMP - Global Fit (4)



Who are interested in IPMP Global Fit?



Global Fit in Action



Data analysis



Accuracy of prediction



Comparison with C. sporogenes and C. 
perfringens

Growth rate Lag time



Computer simulation: Dynamic cooling and comparison with C. sporogenes and C. perfringens

Designing a cooling process - Effect of cooling air temperature and heat transfer rate on bacterial growth



Kinetic analysis and dynamic prediction of growth of vibrio parahaemolyticus in raw 
white shrimp at refrigerated and abuse temperatures



IPMP Global Fit in Action
The most accurate available



IPMP Global Fit in Action (2)



What do we work on?

• Major foodborne pathogens 
– Salmonellas
– Listeria monocytogenes
– STEC
– Clostridium perfringens

• Meat, poultry, and egg products



A Bigger Question -

• Food is rarely stored under isothermal 
conditions

• Can we construct a model directly from 
dynamic curves and use it for dynamic 
prediction?

• Yes!
• But it is more sophisticated and needs more 

advanced mathematical methods (numerical 
analysis and optimization)



One-Step Dynamic Analysis

• Dynamic conditions to expose the bacteria to 
a wide range of temperature conditions

• Dynamic analysis – solving differential 
equations numerically

• Numerical optimization



One-Step Direct Dynamic Analysis



One-step dynamic analysis of growth 
of C. perfringens in cooked beef



One-step dynamic inverse analysis



One-step dynamic inverse analysis (2)



Prediction/validation



Prediction/validation (2)



One-step dynamic analysis of growth of C. perfringens in cooked beef (2)



Residual errors of prediction



Performance of CP dynamic model



New Dynamic CP models

Point-by-point comparison
• Documented temperature 

profiles
• Continuous curves, either 

isothermal or dynamic 
curves, compared point-by-
point

• Very accurate (internal and 
external validation)

Single-point comparison
• No documented temperature 

profiles
• Initial point and final point
• Only relative growth is 

reported
• Dynamic curves
• Not as accurate
• These data are not so 

scientifically convincing



One-Step Dynamic Analysis – LM in Pork 
(1)



One-Step Dynamic Analysis – LM in Pork (2)



One-Step Dynamic Analysis – LM in Pork (3)



One-Step Dynamic Analysis – LM in Pork (4)



One-Step Dynamic Analysis – SE in Liquid Egg Whites (1)



One-Step Dynamic Analysis – SE in Liquid Egg Whites (2)



One-Step Dynamic Analysis – SE in Liquid Egg Whites (3)



One-Step Dynamic Analysis – SE in Liquid Egg Whites (4)



One-Step Dynamic Analysis : Salmonella Paratyphi A 
in roasted chicken



One-Step Dynamic Analysis : Salmonella Paratyphi A 
in roasted chicken (2)



Growth and survival of Bacillus cereus from spores in cooked 
rice – One-step dynamic analysis and predictive modeling (1)



Growth and survival of Bacillus cereus from spores in cooked rice 
– One-step dynamic analysis and predictive modeling (2)



Growth and survival of Bacillus cereus from spores in cooked rice 
– One-step dynamic analysis and predictive modeling (3)



Growth and survival of Bacillus cereus from spores in cooked rice –
One-step dynamic analysis and predictive modeling (4)

Validation



Growth and survival of Bacillus cereus from spores in cooked rice 
– One-step dynamic analysis and predictive modeling (5)



Dynamic Growth and Survival with Competition (1)



Dynamic Growth and Survival with Competition (2)



Dynamic Growth and Survival with Competition (3)



Dynamic Growth and Survival with Competition (4)



Dynamic Growth and Survival with Competition/Validation



Dynamic Growth and Survival with Competition/Validation (2)



One-Step Dynamic Analysis (1)

• More accurate
• More efficient
• More realistic
• Both growth and survival can be studied
• Unique methodology – we are the only 

laboratory actively working on this 
methodology (data collection and analysis) 

• Future of predictive modeling



Accuracy of One-Step Dynamic Analysis

• In all validation tests
• 60-85% of residual errors of prediction is 

within ±0.5 log CFU/g
• Most of the residual errors follows Laplace, 

logistic, or normal distribution



One-Step Dynamic Analysis (2)

• We have firmly established the methodology
• We have reasonably defined residual errors 
• 60-85% of residual errors of prediction is 

within ±0.5 log CFU/g
• But is that all?
• Can we do better than ±0.5 log CFU/g?
• We have to rely on other modeling methods



Deterministic vs stochastic modeling

• Deterministic – all data are known beforehand
– The results are the same as long as the conditions 

are the same
– You have all the data for prediction and the 

outcome can be predicted with 100% certainty
• Stochastic – certain things are uncertain

– You know the likelihood that something is going to 
happen, but not sure when it will occur

– If repeated many, many times, the mean of the 
outcomes may be equal to a deterministic process



Bayesian Analysis

• This is a new area that we are experimenting 
and have found surprisingly good results

• Bayesian analysis is a statistical paradigm that 
answers research questions about unknown 
parameters using probability statements

• Stochastic approach



Bayesian analysis is based on Bayes’ Theorem

𝑃𝑃 𝐴𝐴 𝐵𝐵 =
𝑃𝑃 𝐵𝐵 𝐴𝐴 𝑃𝑃(𝐴𝐴)

𝑃𝑃(𝐵𝐵)
• A and B are two events
• P(A|B): conditional probability: the likelihood of even A occurring given that B is true
• P(B|A): conditional probability: the likelihood of even B occurring given that A is true
• P(A) and P(B): marginal probability: the probabilities of observing A and B 

independently of each other

Bayesian inference is a method of statistical inference in which Bayes' theorem is used to 
update the probability for a hypothesis as more evidence or information becomes 
available

How can we use the existing data (observations) to make more reliable/accurate 
predictions?



Markov Chain Monte Carlo Simulation

• Markov chain Monte Carlo (MCMC) methods 
comprise a class of algorithms for sampling 
from a probability distribution

• It is used to construct posterior distribution
• In Bayesian analysis, the kinetic parameters 

are not fixed numbers anymore
• They are treated as random numbers



BA and MCMC simulation of growth of 
C. perfringens in cooked chicken



BA and MCMC simulation of growth of 
C. perfringens in cooked chicken (2)



Sensitivity analysis



Correlation analysis



Comparison of results (1)
Bayesian Deterministic



Comparison of results (2)
Bayesian Deterministic



Comparison of results (3)
Bayesian Deterministic



Comparison of residual errors of prediction



Growth of Salmonella in ground beef



Significantly improved accuracy and precision

Prediction errors are 100% 
within ± 0.25 log CFU/g!



Logistic modeling for controlling 
bacterial growth

• All we have talked about so far is how to 
model bacterial growth

• There is another very important area – how to 
use mathematical modeling to assist in 
controlling bacterial growth?



Growth and No Growth Boundary of C. 
perfringens in Cooked Beef

• Apply logistic modeling to define the  
growth/no growth boundary

• Formulate meat and poultry products that 
may not support and allow the germination 
and outgrowth of C. perfringens

• Prevent food poisoning outbreaks caused by 
this microorganism. 



Common ingredients

• Ingredients: Sodium chloride (NaCl), sodium 
diacetate (NaDiAc), sodium nitrite (NaNO2),  
sodium DL-lactate solution (NaL, 60% w/w), 
and sodium tripolyphosphate (STPP)

• NaCl (1-4%), NaL (1.2-4.8%), STPP (250-5000 
ppm), NaDiAc (0-2500 ppm), and NaNO2 (50-
200 ppm). 



100 well broth test under optimum 
temperature



Broth test

• Almost 100% of studies like this are conducted 
in broth

• However, we found out that it was almost 
impossible to repeat the results in meat.

• We concluded that the broth test may not 
produce meaningful results



Solid agar test

Definition of growth: anything > background reading + 3 SD



Growth boundaries based on solid agar test



Validation in cooked ground beef (1)



Validation in cooked ground beef (2)



Validation in cooked ground beef (3)



Logistic modeling for controlling 
growth of C. perfringens

• With a threshold of 0.2 in the model, the 
accuracy of Growth/No Growth prediction in beef 
is 95.7%, with 4.3% over-prediction of growth 
events (fail-safe).

• Proper combinations of STPP, NaL, and NaCl could 
be used to control the growth of C. perfringens in 
cooked beef under the optimum temperature.

• The model can be used to formulate products to 
prevent the growth of C. perfringens during 
cooling.



Project: Development of Predictive Microbial Models for Food Safety using Alternate Approaches

Main Research Objectives (2)
1. Development and validation of predictive models 

for growth of high priority pathogens in processed 
foods

2. Dynamic simulation and probabilistic modeling of 
growth of foodborne pathogens in foods

3. Development of an advanced decision support 
system and software for predictive microbiology 
and food safety regulations

4. Expand where necessary the ARS curve-fitting 
(modeling) program also known as the “Integrated 
Pathogen Modeling Program (IPMP)”



Objective 3

• We have developed advanced techniques in 
modeling

• We have developed and validated highly 
accurate predictive models

• Our next step is to make the models available



Three Products
USDA Integrated Pathogen Modeling Program (IPMP)
• A suite of data analysis tools that contains 20+ most 

frequently used models 
• Intelligent, interactive data analysis and model development
• Standardized data analysis and interpretation
IPMP – Global Fit
• One-step data analysis and model development tool for 

isothermal studies
• Direct construction of predictive models for minimized global 

errors (more accurate)
• Intelligent, interactive, and automated data analysis
IPMP – Dynamic Prediction
• One-step data dynamic analysis and model development tool
• Direct construction of predictive models from dynamic curves
• More accurate and more efficient model development
• Probabilistic analysis



Our future directions

• Bayesian analysis
– We will continue to develop and optimize BA 

methods for predictive modeling
– Logistic modeling for controlling bacterial growth

• Computational tools



We will try cloud computing

• We have the technical knowhow for modeling 
and computing

• Cloud computing will not be based on USDA 
networks

• We are thinking computational resources
– More powerful
– Less risk to government network
– We will need additional $ 
– A programmer?



Collaborators

• Many USDA ARS collaborators
• Many international collaborators

– PRIMA Project (EU Food Safety in the 
Mediterranean region)



Thank you!
Lihan.Huang@ars.usda.gov
Andy.Hwang@ars.usda.gov
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