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First case study – Jetro Restaurant Depot

• Utilization of Mathematical Models To Manage Risk of Holding Cold 
Food without Temperature Control, DW Schaffner, JFP 2013

• doi:10.4315/0362-028X.JFP-12-424

• WABC-TV New York, August 2009 aired two stories
• Schaffner interviewed
• Jetro Restaurant Depot reaches out…
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General considerations, Applied to Jetro RD

• How many stages: Just one
• Who is the customer: Customers are 

(a) Jetro RD Customer, i.e., the 
restaurant shopping at Jetro RD, (b) 
Jetro RD risk managers and (c) 
others?

• Which model to use: ComBase 
Listeria and Salmonella
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General considerations, Applied to Jetro RD

• Modeling assumptions: Optimal pH and water activity, no lag
• Handling out of model temperature range: N/A
• Assumptions about temperature change: Assume linear

• Temperature change is not linear
• Proportional to the driving force which changes
• Reasonable simplifying assumption

• Log increase allowed: <0.6 ok, ≥0.6 and <1 caution, ≥1 log stop
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First case study – Jetro Restaurant Depot

• Justification of linear temperature rise
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Case study #2, Company XYZ

• How many stages: picking, staging and delivery
• Who is the customer: Internal risk managers and maybe regulators
• Which model to use: ComBase Listeria
• Modeling assumptions: Optimal pH and water activity, no lag
• Handling out of model temperature range: N/A
• Assumptions about temperature change: Linear, using companies 

own heating and cooling data
• Log increase allowed: <1 ok, ≥1 log not ok
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Case study #2, Company XYZ

• Inputs in green, outputs in yellow, cut 
and paste into ComBase
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Case study #3, Company XYZ, hot delivery

• How many stages: delivery
• Who is the customer: Internal risk managers 

and maybe regulators
• Which model to use: ComBase Perfringens 

Predictor
• Modeling assumptions: Optimal pH and water 

activity
• Handling out of model temperature range: N/A
• Assumptions about temperature change: Linear
• Log increase allowed: USDA FSIS Appendix B, <1 

ok, ≥1 log not ok
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Case study #3, Company W, hot delivery 

• Internal data show a linear cooling model to be fail-safe
• Companies default delivery time easily meets USDA FSIS Appendix B
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Case study #3, Company XYZ, hot delivery 

• Delivery times up to 130 
minutes meet guidelines

• Beyond 140 minutes, it 
depends
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Case study #4, Company ABC

• How many stages: Delivery
• Who is the customer: Internal risk managers and maybe regulators
• Which model to use: ComBase Listeria
• Modeling assumptions: Optimal pH and water activity, no lag
• Handling out of model temperature range: N/A
• Assumptions about temperature change: Linear
• Log increase allowed: <0.5 ok, ≥0.5 log not ok
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Case study #4, Company ABC

Inputs
Time at arrival
Hours 8
Minutes 0
Digital time 8

Max temp allowed (°C)
16.9

Inputs
Temperature at arrival (°C)

15
Digital time 9.93

Max time allowed
Hours 9
Minutes 56

Secret digital 9.93
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Predict Time

• ComBase data 
were used to 
create two 
models

• For given delivery 
time, what is max 
temperature?

• For given delivery 
temperature, 
what is max time?
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Case study #5, Company ABC

• Case study #4 used 
ComBase Listeria models, 
are these models failsafe 
for other pathogens?

• First problem is that 
ComBase model 
temperature lower limits 
are above typical starting 
temperatures

• Solution is “simple”.

y = 0.0724x - 0.3767
R² = 1
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Case study #5, Company ABC

• Listeria is 
generally failsafe

• At higher 
temperatures 
(>24 °C) and 
shorter times (<4 
hours) Salmonella
and E. coli might 
“win”

• Spore formers 
always “win” 0
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Case study #5, Company ABC

• Shorter times (<4 hours) are generally low 
risk, so Salmonella and E. coli risk is 
negligible. Time differences for a given 
temperature are quite small (30 minutes)

• A spreadsheet version of the Skinner Larkin 
C. botulinum model was implemented to 
allow for dynamic temperature simulation, 
and the Listeria model was highly failsafe

• When published dynamic B. cereus models 
(Juneja et al, 2019) were compared to the 
Listeria model, the Listeria model was 
highly failsafe
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Summary

• How many stages?
• Who is the customer?
• Which model to use?
• Modeling assumptions (pH, aW

and lag)
• Handling out of model 

temperature range?
• Assumptions about temperature 

change? 
• Log increase allowed?
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