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Predictive modeling – different perspectives

• End users (FSIS) – the persons who use models/tools
• A model/tool with necessary parameters to make a meaningful prediction
• Forward problem or forward analysis

• Developers (ARS) – the persons who develop models/tools
• Performing kinetic analysis (data collection)
• Identifying a model/tool and determining kinetic parameters
• Inverse problem or inverse analysis – digging information from laboratory data
• Two aspects to work together

• Biological: growth kinetics
• Physical: time-temperature history



Thrusts of our research
To do things well, one needs to perfect his tools.

One-Step Dynamic Analysis
• More accurate models 
• Faster model development
• More efficient development
• More useful models
• All validated



One-Step Dynamic Analysis
• Dynamic conditions to expose the bacteria to a wide range of 

temperature conditions (such as cooling)
• Dynamic analysis – solving differential equations numerically
• Numerical optimization



Dynamic CP models - validation
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

• Two points (initial and end points)
• Only relative growth is 

reported
• No complete temperature 

history
• Not as accurate
• These data are not so 

scientifically convincing
Take-home message to FSIS: Time-temperature history is very critical for 
reliable food safety evaluation



One-step Dynamic Analysis and Cooling



One-Step Dynamic Analysis (2)

• We have firmly established the methodology
• We have reasonably defined residual errors 
• 60-94% 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



Bayesian Analysis and Markov Chain Monte Carlo Simulation of 
Dynamic Growth of C. perfringens in Cooked Chicken during Cooling

Significantly improved accuracy and precision

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

Benefit to FSIS: more reliable predictions and food safety management



For Cp prediction, temperature history is critical
• The best way

• Direct measurement (sensors and data loggers)
• The alternative

• A typical unsteady state (transient) heat transfer problem
• Engineering analysis

• Finite element method
• Finite difference method



Finite Element Analysis (based on physics)



Computer simulation



Effect of Cooling Conditions on Relative 
Growth of C. perfringens in cooked beef

Cooling operational conditions:
• Air temperature
• Air flow rate
• Surface heat transfer coefficient
• Cooling time

Physical properties:
• Dimension
• Heat conductivity
• Heat diffusivity
• Heat capacity
• Density



Direct measurement
Multi-Channel Hi-Temp Oven Logger Embeddable miniature dataloggers, possible real-time data analysis



Thank you!
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