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Dr. Dickson is currently a Professor in the Department of Animal Science and the Inter-Departmental Program
in Microbiology at lowa 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 lowa 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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Lethality 5

» FSIS Cooking Guideline for Meat and P
Products (Revised Appendix A) Decem

» https://www.fsis.usda.qov/sites/default/fi 2
file/2021-12/Appendix-A.pdf

© Dickson 2022


https://www.fsis.usda.gov/sites/default/files/media_file/2021-12/Appendix-A.pdf

Critical Operating Parameters 6

» Come Up Time (CUT)

» An establishment must also consider the heati
critical operating parameter unless the establi
provide a science-based rationale why heatin
need to be addressed.

» Come-Up-Time Option: Total time product te
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)

© Dickson 2022



Predictive Microbial Modeling to Support 7
CUT

» Alternatively, establishments may use pre
microbiology modeling to develop custo
operating parameters. Predictive food mi
uses models (i.e., mathematical equations
the growth, survival, or inactivation of micr S In
food systems from knowledge of the intrinsic and
extrinsic factors of the food over time.

© Dickson 2022



Cooking Deviations 8
Long Heating Come Up Time (CUT)

» If modeling estimates the growth
vegetative pathogens to be 1-Loc
modeling is adequate to show thc
orocess prevented vegetative pathogen

outgrowth



What do we need to model? 9

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

» Elapsed time - the time, In hours,
between temperatures

» Temperature

© Dickson 2023



Cooked Cured Ham 10
Elapsed Time and Linear Model

» Starting temperature and time
» 50°F, 7:40AM (0 hours)

» Final temperature and time
» 130°F, 3:30PM (? hours)

© Dickson 2023



» Start: 7:40AM 50°F; End :
3:30PM 130°F

»7:40t08:00 =20 min
»8:00t09:00 =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
»1:00t0 2:00 =60 min
»2:00t0 3:00 =60 min
»3:00t0 3:30 =30 min

Elapsed Time 1
Example - 01

» 20 +60+60+6
60 + 60 + 30 =

» 470 minutes/ 6
per hour =7.83 h

© Dickson 2023



Linear Modeling 12

» Drawing a straight line between two points

© Dickson 2023



Linear Model 13

Time between . 50°F and
130°E<= ~ 8 hours

— Linear Model
+ Temperatures

This process is not in
compliance
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Linear Model 14

— Linear Model
+ Temperatures

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 15

» Temperature(2) — Temperatur
» Time(2) — Time(1)

© Dickson 2023



Linear Model

» 130°F — 50°F

»7.83-0
» Or
» 80°F
» 7.83 hours

» 10.2°F/hour

16
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Linear Model - Example - 01
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Linear Modeling 18

» Linear modeling —
» overestimates pathogen growth during the
» overestimates pathogen growth

» FSIS considers this modeling result fail-s

» Therefore — more temperature and time information
provides a more accurate estimate in the model

© Dickson 2023



19
ComPBase

Home About Donate data FAQ Contact us

The ComBase Browser enables you to search thov.ands of microbial growth and
survival curves that have been collated in r_.search establishments and from

publications

The ComBase Predictive Models ».¢ a collection of software tools based on
ComBase data to predict the grov-.n or inactivation of microorganisms

ivities including
L:blfl‘lrl it requin

Login/Register 58,500 + records | 70,000 + users

.
O
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-
o
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https://www.combase.cc/index.php/en/
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= (ComBase

B Broth Models v

Growth

Thermal Inactivation

Non-thermal Survival

» After log in

> Upper left cor

» “Growth” in t
Models” tab

20
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Growth Model (Disclaimer) 2 ]

Mote: the Listeria monocytogenes/innocua (acetic) model has been removed while under review. m
 tatic | Dynamic » Dynamic

Aeromonas hydrophila

Aeromonas hydrophila
Bacillus cereus
Bacillus cereus (CO2) )

Bacillus licheniformis > SeleCt Organism

Bacillus subtilis

Brochothrix thermosphacta
Clostridium botulinum (non-prot.)

Clostridium botulinum (prot.)

Clostridium perfringens B-conc/h) : - time{Hours)
Escherichia coli g CFU/g) . Lag time (Hours)
Escherichia coli (CO2)

Listeria monocytogenes/innocua

Listeria monocytogenes/innocua (CO2)

Listeria monocytogenes/innocua (lactic)

Listeria monocytogenes/innocua (nitrite)

Pseudomonads

Salmenella spp

Salmonella spp (CO2)

Salmonella spp (nitrite)

Shigellae (s.flexneri and relatives) (nitrite) W

© Dickson 2023



Growth Model (Disclaimer)

Note: the Listeria monocytogenes/innocua (agg
static | Dynamic -
| | Dynamic | -

Time(h)  Temp ("Clew» W™ 5aimonella spp (nitrite)

Temperatures range [7,40]

o

Phys. state

nitrite{ppm) |1_1

22

» Time and Temperattitel(3C!!)

» At least 5 time and
temperature points

» Range 7°C to 40°C

» Inputs

» Initial population

» pH

» Water activity (a,) or NaCl
» Nitrite

© Dickson 2023



Fahrenheit to Celsius 23
Temperature conversion

» 128°F = ??7°C

> (128°F — 32°F) * (5/9) = 53.3°C

» 212°F = 100°C
» 32°F = 0°C

© Dickson 2023



Fahrenheit to Celsius 24
Temperature conversion

» In MS-Excel
» Covert temperature “from” “to”

Formula

CONVERT (A3,"F","C"
=CONVERT (A4,"F","C")

=CONVERT (A5"' ""'C") =CO NVE RT(tem p, G F“, “C ")

=CONVERT (A6,"F","C")
=CONVERT (A7,"F","C")

=CONVERT (A8,"F","C")

=CONVERT (A9,"F","C")

=CONVERT (A10,"F","C")

=CONVERT (A11,"F","C") © Dickson 2023




Fahrenheit to Celsius »

Temperature conversion
» Mars Probe Lost Due to Si

Error (01 Oct 1999)

- » NASA lost its $125-millio
. Orbiter because spacecr
convert from Imperial to
when exchanging vital d
was launched, space age
Thursday.

- » As aresult, 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-
F story.html

Math

to
nts

© Dickson 2023



ComBase Output 26

Frediction | Iy

» Temperature

» Predicted Growth

© Dickson 2023



27

» Print or download

» Data Points

© Dickson 2023



Output

&8 0 &

Temp (°C) Time(h)

10

10.14

10.28

10.41

10.55

10.69

Conc (Logl0 cells/g)

28

» Print or download

» Predicted
Population

» Temperature and
Time

© Dickson 2023



What does it mean? 29
Long Heating Come Up Time (CUT)

» “If modeling estimates the growth o
pathogens to be 1-Log or less, mod
adequate to show that the process

vegetative pathogen outgrowth’

» ComBase growth model predicts < 1 log,,
increase in population

© Dickson 2022



Documentation 30

»Physical parameters of the produ
Nitrite, NaCl or A,)

» Available temperature and time |
» Model results

» All parameters should represent the “worst
case” scenario
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New Jersey Agricultural
Experiment Station

Modeling below the limits of the
model and cooking deviations

Don Schaffner, PhD
Distinguished Professor and Extension Specialist
Chair, Department of Food Science



gg RUTGERS

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



Limits of the organism

* Limits to
growth (NACMCF
2010)

« ICMSF v 5 (1996)

 FDA (2011) Fish
and Fisheries
Products
Hazards and
Controls
Guidance.
Appendix 4.

Pathogen Temp (°C) pH aw Water Phase NaCl (%)
Min Max Min Max Min Max
B. cereus FDA 4 55 4.3 9.3 0.92 10
ICMSF 4 55 5.0 8.8 0.93
C. bot (growth only) FDA 10 48 4.6 9 0.93 10
(Proteolytic) ICMSF | 10-12 4.6 0.93 10
C. bot (growth only) FDA 3.3 45 5 9 0.97 5
(Non-proteolytic) ICMSF| 3.3 5.0 0.97 5
C. perfringens FDA 10 52 5 9 0.93 7
ICMSF| 12 50 55 9.0 0.97
Pathogenic E. coli FDA 6.5 49 .4 4 9 0.95 6.5
ICMSF| 7-8 | 44-46 | 4.4 9.0 0.95
E. coli O157:H7 ICMSF 8 44-45 | 4.5 Slow at 6.5 NG at 8.5
L. monocytogenes FDA -0.4 45 4.4 9.4 0.92 10
ICMSF| -0.4 45 4.39 9.4 0.92
S. aureus (growth only) [ FDA 7 50 4 10 0.83 20
Aerobic conditions ICMSF 7 48 4 10 0.83
Anaerobic conditions | ICMSF 5.0 0.90
Salmonella FDA 52 46.2 3.7 9.5 0.94 8
ICMSF| 5.2 46.2 3.8 9.5 0.94




Limits of the model

e Also from
NACMCF
(2010)

ComBase? PMP?
Temperature pH dyw Temperature pH dw
(°C) (°C)
Min Max Min Max Min Min Max Min Max Min

B. cereus

with CO, 5 34 4.9 7.5 0.974

aerobic 5 42 4.7 7.5 0.97

anaerobic 10 42 5.0 9.0 0.97
C. botulinum (growth only)

proteolytic 14 40 4.7 7.2 0.954 15 34 5.0 7.2 0.977

non-proteolytic 4 30 5.1 7.5 0.974 5 28 5.0 7.0 0.977
C. perfringens 15 52 5 8 0.971 19 37 6.0 6.5 0.983
E. coli O157:H7

with CO, 10 30 4.5 7 0.961

aerobic 5 42 4.5 8.5 0.97

anaerobic 5 42 4.5 8.5 0.97
L. monocytogenes

with CO, 1 35 4.4 7.5 0.934

aerobic 4 37 4.5 7.5 0.928

anaerobic 4 37 4.5 8.0 0.97
S. aureus (growth only)

not specified 7.5 30 4.4 7.1 0.907

aerobic 10 42 4.5 9.0 0.911

anaerobic 12 42 53 9.0 0.872
Salmonella spp.

with CO, 7 30 3.9 7.4 0.973

aerobic 10 30 5.6 6.8 0.974

IAFP Webinar 34 of 13




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

IAFP Webinar 35 of 13



g5 RUTGERS

Extrapolating below the model limit
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g5 RUTGERS

Example

* Salmonella growth
under constant
temperature
Increase

* A little growth up to
12 hours

[ = =
] i o

=
o

Temperature (°C)

o N B o @ ®©
[ ]

0.1

0 eecseceoceee?®
0 5 10

IAFP Webinar
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@ Extrapolation

ComBase
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@ Extrapolation

ComBase
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RUTGERS

Guidelines for Cooked Beef, Roast Beef, and Cooked Corned Beef

1. Cooked beef and roast beef, including sectioned and formed roasts, chunked and formed

roasts, and cooked corned beef can be prepared using one of the following time and temperature
combinations to meet either a 6.5-log;( or 7-log;( reduction of Salmonella. The stated
temperature is the minimum that must be achieved and maintained in all parts of each piece of

meat for a least the stated time:

Minimum Internal Minimum processing time in
° Temperature minutes or seconds after

* Company was using 1999
Degrees Degrees 6.5-1og, 7-10919

d [d Fahrenheit Centigrade Lethality Lethality
USDA Appendix A
131 55.0 89 min. 97 min.
132 55.6 71 min. 77 min.
o 133 56.1 56 min. 62 min.
o k to 159 F 134 56.7 45 min. 47 min.
COO 135 57.2 36 min. 37 min.
136 57.8 28 min. 32 min.
° 137 58.4 23 min. 24 min.
Insta nta neous 138 58.9 18 min. 19 min.
139 59.5 15 min. 15 min.
140 60.0 12 min. 12 min.
141 60.6 9 min. 10 min.
. (o) ° 142 61.1 8 min. 8 min.
* What to do if 159 °F is
144 62.2 5 min. 5 min.

145 62.8 4 min.* 4 min.*
’;) 146 63.3 169 sec. 182 sec.
Nnot reache
. 148 64.4 107 sec. 115 sec.
149 65.0 85 sec. 91 sec.
. 150 65.6 67 sec. 72 sec.
* Drop down to lower time SHE R
152 66.7 43 sec. 46 sec.
153 67.2 34 sec. 37 sec.
and tem erature 154 67.8 27 sec. 29 sec.
p 155 68.3 22 sec. 23 sec.
156 68.9 17 sec. 19 sec.
. 157 69.4 14 sec. 15 sec.

* Integrated lethalit

g y 159 70.6 0 sec.** 0 sec.**

160 71.1 0 sec ** 0 sec.**



RUTGERS

Cooking deviations with limited data

* NAMI spreadsheet

e http://www.amif.or
g /process-lethality/

* Choiceof Dand z
are important

Date: User Must:
Or i 1. Identify organism and product of concemn
Praduct name:, 2. Provide at least 20 time/temp data points
Instructions:
1 Seled the organismand product of concem and identify ¢ sponding T ref {Temperat fe e), z, and D} values and create a samiar table to Table 1. These values should be obtaned from your

own companies challenge study data, from scientific Berature, or other rekable sources These values need to be relevant and appropiate for the type of product and the organism of concem.

Note: The data in Table 1 has been selected as examples of the type of data that should be collected and extracted from your own companies challenge study data, sdentific literature, safe harbor
documents, or other relieable sources. The data in Table 1 SHOULD NOT BE USED EXCLUSIVELY AS SUPPORT DATA.

Enterthe T ref, z, and D} values mto the appropnate labeled cells below the table that contams the lethably data from

Clear and enter at least 20 imeftemperature data points into the data table_

W

Note: Tiis model MUST contain a MINIMUM of 20 time/temperature data points. The model is not accurate if less than 20 data time/ftemperature data points are used.

S

Once the table is completed, a cumulative F value will be given as the very last number in the night hand column of the data table. This number adds up the lethally values for each time interval and
cakulates an approximation of the area under the lethal rate curve_

After the data is entered, a core temperature and lethality curve are produced.
The total log reduction of the process is aut: tically med by dividing the ive F value by the D value that was nto the iate labeled cell The resulling value equals the total

log reduction of the process.
By usng these estimates, you or a process authonty should detenmne if the pocess meets regulatory requrements as safe.

The USDA's FSIS Appendix A Complance Guidelnes For Meeting Lethality Peformance Standands For Certan Meat And Poublty Products that addresses desred log reductions should alsp be
considered when evaluating a lethal MCeSSs.

oo

-

Definifions:
Dvalue: The fime {in minutes) at an associated T ref required to kil 90% of the selected microorganism; a one log reduction.
lue: The of deg F to change the D-value by a factor of ten.
F-value: The pmcess lethalty. The equivalent time of heating at a refi e L Total lethality will be the final computed cumulative F value.
TABLE 1: EXAMPLE - Lethality Data from Literature - Microbial Heat
Tref z
Organi: Product {°F) (°F)
Saimonefa Meat Patty (Scoll maw edsq 1990) 1500 10 0172
Gr. Beef (25% fat) (Juneja, 2003) 140.0 145 472
van Asselt and Zwietering {2006) mean 158.0 16.38 0.15
van Asselt and Zwietering {2006) 95%itle 158.0 1638 389
E._ cok 0157 HY Lean Gr. Beef 2% fat) gmeetal, 191 1450 33 0.30
Gr. Beef (25% fat) (Jneja, 2003) 140.0 11.4 3.39
Lean Gr. Turkey (Junejaand Manmer, 1099) 1490 11.7 029
Lean Gr. Lamb (hmeja andMamer, 1999) 149.0 12.4 0.38
Lean Gr. Pork (hneja:and M anmer, 1959) 149.0 11.7 0.30
1 isferia monocytogenes Lean Gr. Beef (2% fat) (Fam, etal, 1991 1450 93 06
Gr. Beef (25% fat) (neja, 2003) 140.0 12.0 418
Hot Log Batter (30% tat) (M @zota and Gambas, 2007) 1440 10.8 33
Note: This model is a tool for calculating F-values. To ensure correct results, the properz, T-ref, and D-values for each Emductand orEm'sm must be used.



http://www.amif.org/process-lethality/

g RUTGERS

Useful reference

Available online at www.sciencedirect.com

SCIENCE @ DIRECT?® INTERNATIONAL JOURNAL OF
Food Microbiology

&

ELSEV

ER International Journal of Food Microbiology 107 (2006) 73 — 82
www.elsevier.com/locate/ijfoodmicro

A systematic approach to determine global thermal inactivation parameters
for various food pathogens

Esther D. van Asselt ', Marcel H. Zwietering *

Wageningen University, Laboratory of Food Microbiology, P.O. Box 8129, 6700 EV Wageningen, The Netherlands

Received 19 February 2005; received in revised form 3 August 2005; accepted 7 August 2005
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RUTGERS

Using NAMI spreadsheet

e 20 data points are needed, so interpolate

PROCESS LETHALITY DETERMINATION

User Must:
1. Identify organism and product of concem
2. Provide at least 20 time/temp data points

Core temperature
180.00 -
Trek= 158 °F
160.00 z= 16.38 °F
= 0.15 min
140.00 -
)
2. 120.00
4]
S 100w Log Reduction of Process
© 7.46
& 000
5 Data Table
F 000 Time (min) Core Temp *P) Fval ue (min) fime Dvalle  fime {min) temp
4000 0.00 120.00 0.000 00 00 0.00 120
0.04 120.51 0.000 00 00 3.00 158
20.00 0.08 121.01 0.000 0.1 00 6.00 120
0.12 121.52 0.001 0.1 00
> 000 00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 0.16 122.03 0.001 02 0.0
0.20 122.53 0.001 02 00
Time (min) 0.24 123.04 0.001 02 00
0.28 123.55 0.002 03 00




Straight line interpolation

* May be close to
observation

e Under-estimates
lethality on rise

e Over-estimates lethality
on decline

 Overall underestimation
(fail safe) with linear

160

150
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130

120

110

90

10
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20

25



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
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