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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 Questions section at the right of the 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 at www.foodprotection.org within one week.

http://www.foodprotection.org/


Dr. Dickson is currently a Professor in the Department of Animal Science and the Inter-Departmental Program 
in Microbiology at Iowa State University.  Dr. Dickson's research focuses on the control of bacteria of public 
health significance in foods of animal origin.  Prior to his appointment at Iowa State University in 1993, he 
was employed by USDA-ARS as a Research Food Technologist and lead scientist of the Meat Safety Assurance 
Program, located at the Roman L. Hruska U.S. Meat Animal Research Center, Clay Center, NE. Dr. Dickson was 
employed in the food industry for three years before joining USDA-ARS. He is a Fellow in the American 
Academy of Microbiology, and is a Past President of the International Association for Food Protection. He is 
also active in the American Society for Microbiology and a Certified Food Technologist with the Institute of 
Food Technologists. Dr. Dickson is currently serving on the National Advisory Committee for Microbiological 
Specifications for Foods and chairs the U.S. mirror committee for ISO that addresses food safety standards 
(ISO 22000 series).

Dr. Donald W. Schaffner is Extension Specialist in Food Science and Distinguished Professor at Rutgers 
University. He is the current Chair of the Rutgers Department of Food Science. His research interests 
include handwashing, cross-contamination and quantitative microbial risk assessment. He is a Fellow 
of the Institute of Food Technologists, the American Academy of Microbiology, International 
Association for Food Protection (IAFP) and the Society for Risk Analysis. Dr. Schaffner was the 
president of IAFP in 2013-2014. He co-hosts the Food Safety Talk and Risky or Not podcasts. 
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Modeling to Determine if Cooking 
Cured Bone-In Ham Meets 
Regulatory Requirements

JIM DICKSON
DEPARTMENT OF ANIMAL SCIENCE

IOWA STATE UNIVERSITY
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Lethality

FSIS Cooking Guideline for Meat and Poultry 
Products (Revised Appendix A) December, 2021

https://www.fsis.usda.gov/sites/default/files/media_
file/2021-12/Appendix-A.pdf
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Critical Operating Parameters
 Come Up Time (CUT)

An establishment must also consider the heating CUT to be a 
critical operating parameter unless the establishment can 
provide a science-based rationale why heating CUT does not 
need to be addressed.

Come-Up-Time Option: Total time product temperature is 
between 50°F and 130°F is 6 hours or less.

 BUT: USDA FSIS recognizes that large diameter products may 
have longer come up times (CUT)
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Predictive Microbial Modeling to Support 
CUT

Alternatively, establishments may use predictive 
microbiology modeling to develop custom critical 
operating parameters. Predictive food microbiology 
uses models (i.e., mathematical equations) to describe 
the growth, survival, or inactivation of microbes in 
food systems from knowledge of the intrinsic and 
extrinsic factors of the food over time.
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Cooking Deviations
Long Heating Come Up Time (CUT)

If modeling estimates the growth of 
vegetative pathogens to be 1-Log or less, 
modeling is adequate to show that the 
process prevented vegetative pathogen 
outgrowth
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What do we need to model?

Physical properties of the food (pH, 
NaCl or Aw, nitrite, etc.)

Elapsed time - the time, in hours, 
between temperatures

Temperature
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Cooked Cured Ham
Elapsed Time and Linear Model
Starting temperature and time

50oF, 7:40AM (0 hours)
 Final temperature and time

130oF, 3:30PM (? hours)
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Elapsed Time
Example - 01

Start:  7:40AM  50oF; End :  
3:30PM  130oF
7:40 to 8:00 = 20 min
8:00 to 9:00 = 60 min
9:00 to 10:00 = 60 min
10:00 to 11:00 = 60 min
11:00 to 12:00 = 60 min
12:00 to1:00 = 60 min
1:00 to 2:00 = 60 min
2:00 to 3:00 = 60 min
3:00 to 3:30 = 30 min

 20 + 60 + 60 + 60 + 60 + 60 + 
60 + 60 + 30 =  470 minutes

 470 minutes/ 60 minutes 
per hour = 7.83 hours
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Linear Modeling

Drawing a straight line between two points
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Linear Model 13
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compliance



Linear Model 14

Read 3 additional 
temperature and time 
points from the graph

That will give 5 points: 
start, finish and 
additional points
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Linear Model – Example 01

 Temperature(2) – Temperature(1)
 Time(2) – Time(1)
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Linear Model

 130oF – 50oF
 7.83 – 0

Or
 80oF

 7.83 hours

 10.2oF/hour
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Linear Model - Example - 01
Time (hours) Temperature (oF)

0 50
1 60.2
2 70.4
3 80.6
4 90.8
5 101
6 111.2
7 121.4
8 130
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Linear Modeling

 Linear modeling –
overestimates pathogen growth during the cooling
overestimates pathogen growth

 FSIS considers this modeling result fail-safe 

 Therefore – more temperature and time information 
provides a more accurate estimate in the model
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https://www.combase.cc/index.php/en/
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After log in
Upper left corner
“Growth” in the “Broth 

Models” tab
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 Dynamic

 Select organism
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 Time and Temperature (oC!!)
 At least 5 time and 

temperature points
 Range 7oC to 40oC
 Inputs
 Initial population
 pH
 Water activity (aw) or NaCl
 Nitrite
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Fahrenheit to Celsius
Temperature conversion

128oF = ??oC

 (128oF – 32oF) * (5/9) = 53.3oC

212oF = 100oC
32oF = 0oC
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Fahrenheit to Celsius
Temperature conversion
 In MS-Excel
Covert temperature “from” “to”
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Temp F Temp C Formula
50 10.0 =CONVERT (A3,"F","C")
60 15.6 =CONVERT (A4,"F","C")
70 21.1 =CONVERT (A5,"F","C")
80 26.7 =CONVERT (A6,"F","C")
90 32.2 =CONVERT (A7,"F","C")

100 37.8 =CONVERT (A8,"F","C")
110 43.3 =CONVERT (A9,"F","C")
120 48.9 =CONVERT (A10,"F","C")
130 54.4 =CONVERT (A11,"F","C")

=CONVERT(temp,"F","C")



Fahrenheit to Celsius
Temperature conversion

Mars Probe Lost Due to Simple Math 
Error (01 Oct 1999)

 NASA lost its $125-million Mars Climate 
Orbiter because spacecraft engineers failed to 
convert from Imperial to Metric measurements 
when exchanging vital data before the craft 
was launched, space agency officials said 
Thursday.

 As a result, JPL engineers mistook 
acceleration readings measured in Imperial 
units of pound-seconds for a metric measure 
of force called newton-seconds.

 https://www.latimes.com/archives/la-xpm-1999-oct-01-mn-17288-
story.html
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ComBase Output
Temperature

Predicted Growth
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Output
Print or download

Data Points
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Output
Print or download
Predicted 

Population
Temperature  and 

Time
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What does it mean?
Long Heating Come Up Time (CUT)

“If modeling estimates the growth of vegetative 
pathogens to be 1-Log or less, modeling is 
adequate to show that the process prevented 
vegetative pathogen outgrowth”

ComBase growth model predicts < 1 log10
increase in population
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Documentation

Physical parameters of the product (pH, 
Nitrite, NaCl or Aw)

Available temperature and time information
Model results

All parameters should represent the “worst 
case” scenario
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Modeling below the limits of the 
model and cooking deviations

Don Schaffner, PhD
Distinguished Professor and Extension Specialist

Chair, Department of Food Science



Outline
• Modeling below the limits of the model

• The limits of a model are often inside the limits of the 
growth of the organism

• There are different solutions to the problem

• Cooking deviations with limited data
• Modeling cooking deviations requires use of D and z 

values
• My preferred tool is the NAMI spreadsheet
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Limits of the organism

IAFP Webinar

• Limits to 
growth (NACMCF 
2010)

• ICMSF v 5 (1996)
• FDA (2011) Fish 

and Fisheries 
Products 
Hazards and 
Controls 
Guidance. 
Appendix 4.
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Limits of the model

IAFP Webinar

• Also from 
NACMCF 
(2010)
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Three solutions, one wrong
• If the temperature is below the limit of the model, 

assume the temperature is at the limit of the model
• If the temperature is below the limit of the model, 

interpolate between the limit of the model and the 
temperature

• If the temperature is below the limit of the model, 
the growth rate of the organism is zero
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Extrapolating below the model limit
• Vol 29, No 

55 (2021), 
Revista
Alimentos 
Hoy

IAFP Webinar 36 of 13



Example
• Salmonella growth 

under constant 
temperature 
increase

• A little growth up to 
12 hours 
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Example

IAFP Webinar

• Company was using 1999 
USDA Appendix A

• Cook to 159 °F 
(instantaneous) 

• What to do if 159 °F is 
not reached?

• Drop down to lower time 
and temperature

• Integrated lethality
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Cooking deviations with limited data
• NAMI spreadsheet
• http://www.amif.or

g/process-lethality/
• Choice of D and z 

are important
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Useful reference
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Using NAMI spreadsheet
• 20 data points are needed, so interpolate
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Straight line interpolation
• May be close to 

observation
• Under-estimates 

lethality on rise
• Over-estimates lethality 

on decline
• Overall underestimation 

(fail safe) with linear 
IAFP Webinar 42 of 13



Summary
• Two examples today

• Modeling below the limits of the model
• Cooking deviations with limited data

• Many problems can be solved with off-the-shelf 
modeling tools and Excel

• The key is to make fail safe assumptions, and justify 
them

IAFP Webinar 43 of 13



Contact Info

James Dickson, Speaker                   jdickson@iastate.edu

Don Schaffner, Speaker                    don.schaffner@rutgers.edu

Dennis Seman dlseman@hotmail.com 



Upcoming Webinars

September 18, 2023     FDA’s Food Traceability Final Rule

October 24, 2023          Managing Meat Shelf Life and Spoilage to Ensure Food Security

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



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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