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Timeline
• Jetro/Restaurant Depot (2009-2013)
• USDA Grant (2011-2014)
• CFP Emergency Guidance (2014)
• Jenn McConnell (2014)
• Center for Produce Safety (2019)
• Today…
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Risk assessment vs. Risk management
• Risk assessment uses calculations and assumptions 

to answer the questions “how risky is this” or “how 
much pathogen growth will occur”
• Risk management determines or approves the 

assumptions, and decides how much risk is “too 
much”

NJAFP March 2024 3



The story begins…
• WABC-TV New York aired two stories (August 2009)
• When I walk into the lab wearing a lab coat…

• Jetro/RD contacts me
• I quickly re-watch the interview!

• This begins a fruitful collaboration resulting in 
Schaffner 2013 (JFP 76, 1085-1094)
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Temperature rise
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Schaffner 2013 (JFP 76, 1085-1094)
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• Linear 
rise
• No lag
• 1 h to 

cool
• <0.6 log
• >1.0 log
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USDA Grant – Munira Agarwal thesis
• Tennessee State 

and Rutgers 
University
• Temperature 

doesn’t matter?
• Maybe it does 

but other 
factors swamp 
the correlation?
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CFP Emergency Guidance

• CFP is Conference for Food 
Protection
• What does the conference 

do?

• Footnote
• This chart is intended for 

use as part of an emergency 
plan and not for day-to-day 
operations.
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2014 Conference for Food Protection - Emergency Action Plan for Retail Food Establishments, Second Edition  

Page 17 of 60                         1-22-14  
 

 
  

Chart 1:  Procedures for Handling Refrigerated  TCS Food During A Power Outage 
 

TIME 
(HOURS) 

PRODUCT TEMPERATURE 

 Maximum Temp 
up to 45°F (7°C) 

Maximum Temp 
up to 50°F (10°C) 

Maximum Temp 
up to  55°F (13°C) 

Maximum Temp 
up to 60°F (15°C) 

 
 
 
 

Up to 4 Hold/Serve/Sell Hold/Serve/Sell Hold/Serve/Sell 

 
Hold/Serve/Sell 

 
At 4 hours, cook or 
discard the food if it is 
still over 41°F (5°C). 
If food temp is back to 
41°F within the 4 hours 
it can be 
held/served/sold. 

>4 to 6 Hold/Serve/Sell Hold/Serve/Sell 

 
Hold/Serve/Sell 

 

 

At 6 hours, cook or 
discard the food if it is 
still over 41°F (5°C). 
If food temp is back to 
41°F (5°C)within the 6 
hours it can be 
held/served/sold. 

>6 to 9 Hold/Serve/Sell 

 
Hold/Serve/Sell 

 

 

At 9 hours, cook or 
discard the food if it is 
still over 41°F (5°C). 
If food temp is back to 
41°F (5°C) within the 9 
hours it can be 
held/served/sold. 

>9 to 15  
Hold/Serve/Sell 

 

 

At 15 hours, cook or 
discard the food if it is 
still over 41°F (5°C) 
If food temp is back to 
41°F (5°C) within the 
15 hours it can be 
held/served/sold. 

Note: This chart is intended for use as part of an emergency plan and not for day-to-day operations.  See 
previous page and following examples for usage assistance. 



CFP behind the scenes
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• Assumes food 
held at 
temperature 
for entire 
time
• No lag
• ComBase Lm



McConnell and Schaffner (2014)
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McConnell and Schaffner (2014) 
• Salmonella in ground beef
• Lag time is included
• Models are accurate or fail-safe
• Turns out… Food Code Guidelines are very 

conservative
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Center for Produce Safety, 2019
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• Typical Romaine shelf life is 
17 days, UC Davis study shelf 
life is 21 days
• We can use the predicted 
Listeria growth (pH 6, Aw 
0.997) to determine 
equivalence
• > 6.1 log CFU growth is yellow
• > 7.5 log CFU growth is red



Example from today
• Developed iteratively since 2018
• Excel spreadsheet with time and ambient 

temperature inputs
• Temperature rises based on Amazon in-house data
• Spreadsheet outputs used a ComBase inputs
• ComBase Listeria model, pH 7, Aw 0.997, no lag
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Example Inputs
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Environment Time (hr) °F

Starting temp 41.00
First elevated time and envt temp 0.50 75.00
First cooling time and envt temp 3.00 41.00
Second elevated time and envt temp 0.50 75.00
Third elevated time and envt temp 4.00 75.00
Consumer cooling envt temp 41.00



Example Outputs
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Product For ComBase
time temp °C

0.00 5.00
0.50 6.71
3.50 5.78
4.00 7.42
8.00 19.38
13.51 5.00
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Example Calculations
• DF is driving force
• Rate is based on 

empirical data
• Assumed linear rate for 

simplification
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Product °F °C
Starting temp 41.00 5.00
First elevated time and envt temp 75.00 23.89
First DF 34.00 18.89
First rate (deg/h) 6.17 3.43
Temp at end of first time 44.09 6.71

First cooling time and envt temp 41.00 5.00
First cooling DF 3.09 1.71
First cooling rate (deg/h) -0.31
Temp at end of first cooling 42.41 5.78

Second elevated time and envt temp 75.00 23.89
Second elevated DF 18.11
Second elevated rate (deg/h) 3.29
Temp at end of second elevated 45.36 7.42

Third elevated time and envt temp 75.00 23.89
Third elevated DF 16.46
Third elevated rate (deg/h) 2.99
Temp at end of third elevated 66.88 19.38

Consumer cooling envt temp 41.00 5.00
Consumer cooling DF 14.38
Consumer cooling rate (deg/h) 2.61
Time need to reach envt temp 5.51
Time at end 13.51

rate = x * DF
x = 0.1815 < -- Change with great care!
Original 0.1815

Higher x means faster rise and fall
x is dependent on packaging



Example ComBase Results
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• Dynamic 
model

• Same 
temperature 
profile as 
earlier

• Read log 
increase from 
data points tab



What factors to consider 
• Temperature rise
• Is linear close enough?
• Predict from ambient?

• Lag time or not
• No lag is fail-safe

• Cooling
• Is linear close enough?

• Organism used
• Salmonella
• Listeria

• Model used
• ComBase

• Allowed Increase 
• Risk management
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Q&A

???
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