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Food Safety and Inspection Service:

Topics to be Covered — Part 1

 Hazard Analysis
— Hazard ldentification
— Hazard Evaluation

e HACCP System Design

— Critical Limit Development
— Scientific Support

 Corrective Actions
— Support for Product Safety



Food Safety and Inspection Service:

Topics to be Covered — Part 2

* Available Cooling Models
 General Comments on Cooling Models
e Product’s Time/Temp Profile Shape and Cp Growth

e Using Cooling Models in HACCP Plans/Food Safety
System

 Cooling Models and Product Safety: Two Scenarios
e Cp Growth: Final Comments



Food Safety and Inspection Service:

Hazard Analysis

e Every establishment must conduct a hazard analysis to determine
the food safety hazards reasonably likely to occur in the production
process (9 CFR 417.2(a));

e Hazard analysis process includes multiple stages:
— Hazard Evaluation
— Hazard Identification



Food Safety and Inspection Service:

Hazard Identification

e Establishment’s HACCP team assembles or reviews information about:

— Raw materials and/or ingredients used in the product,
— Activities conducted at each step in the process,

— Equipment used to make the product,

— Type(s) of packaging and packaging material,

— Method(s) of storage and distribution, and the

— Intended use and consumers of the product



Food Safety and Inspection Service:

Hazard Identification - Stabilization (Cooling)

Lethality treatment kills vegetative cells, but spores may survive

During stabilization (cooling), spores may germinate and grow

Spore-formers of concern in meat and poultry products include:
—  Clostridium botulinum

—  Clostridium perfringens

—  Bacillus cereus

C. perfringens is the target, because the other pathogens grow more slowly



Food Safety and Inspection Service:

Clostridia Is a Concern in:

Meat and poultry products including roast beef, gravies, and poultry
products cooked in large batches (C. perfringens and C. botulinum)

Improperly canned low acid foods (C. botulinum)
Raw honey (C. botulinum)

Fermented, smoked, and salted seafood (C. botulinum)



Food Safety and Inspection Service:

Clostridia

 Gram positive, rod-shaped spore forming bacteria

— Vegetative cells: active cells that can grow and produce
toxin

— Spore: dormant cells that are resistant to heat and
other extreme conditions
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Food Safety and Inspection Service:

Clostridia
e Commonly found in soil and water

 Anaerobic organisms (grow without oxygen)
— Micro-aerotolerant

* Clostridia do not grow well with normal amounts
of oxygen present in the atmosphere; however,
they do not need a complete lack of oxygen
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Food Safety and Inspection Service:

Hazard Evaluation

e After an establishment has identified one or more hazards
in its process it evaluates the hazards to:
— Assess severity of health consequences if potential hazard is not
properly controlled,

— Determine likelihood of occurrence of potential hazard if not
properly controlled, and

— Using this information, determine if this potential hazard is to be
addressed in the HACCP plan
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Food Safety and Inspection Service:

Foodborne llinesses Associated with C. perfringens

Estimated mean domestic:
- Illlnesses: 965,958
- Hospitalizations: 438
- Deaths: 26

llinesses are largely attributed to food served at institutions/events and
not FSIS regulated products

Toxin release as bacteria make spores in the gut - leads to diarrhea,
abdominal cramps, vomiting, and fever

llIness onset: 8 to 18 hours
High Infectious Dose: 10° CFU
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Food Safety and Inspection Service:

Levels of Concern for C. perfringens lliness

* The critical level for human illness is high: 6 logs/gram or
higher

e Maximum levels of C. perfringens spores usually found in
raw meat and poultry are usually 2-3 logs/gram

 Therefore, conditions that allow for 3-lag growth or higher

o3
may be a public health concern
(ICMSF, 1996 and in-plant data)
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Food Safety and Inspection Service:

Number of foodborne illnesses associated with C.
botulinum

Estimated mean domestic:
- lllnesses: 55
- Hospitalizations: 42
- Deaths: 9

llinesses primarily attributed to improper canning of low acid canned
foods

Preformed neurotoxin mediated - leads to muscle paralysis and
suffocation

lliIness onset: 12 to 36 hours
Infectious dose: As little as 1 ng/kg of body
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Food Safety and Inspection Service:

How do Meat and Poultry Products Become Contaminated?

e Slaughter/dressing.

e Exposure to contamination from the environment during
processing (insanitary conditions).

* |ngredients added during formulation (e.g., spices and herbs).
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Food Safety and Inspection Service:

Pathways to Growth

Most outbreaks are from food served in restaurants, homes for the
elderly, or at large gatherings (referred to as the “food service germ”)

— Held at room temperature for too long
— Often cooled in large batches increasing the cooling rate

While thermal processing of meat products should be sufficient to destroy
vegetative cells, spores may survive cooking and multiply during prolonged
cooling or poor hot holding
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Food Safety and Inspection Service:

Control Measures for C. perfringens
and C. botulinum Growth

Limiting the amount of time products are held at temperatures conducive
to growth is the primary means of control that establishments use to
ensure spores do not germinate and grow to high levels

— C. perfringens growth limit: 10°C and 52° C (50°F and 126°F)
— C. botulinum growth limit: 10°C and 50 °C (50 °F and 122 °F)
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Food Safety and Inspection Service:

HACCP System Design -
Establishing Critical Limits

e Afood safety hazard that is reasonably likely to occur (RLTO) is one

for which a prudent establishment would establish controls (9 CFR
417.2(a))

e Establishments must list the critical control points (CCPs) for each
food safety hazard identified and must list the critical limits that
must be met at each CCP (9 CFR 417.2(c)(2) and 9 CFR 417.2(c)(3)
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Food Safety and Inspection Service:

Establishing Critical Limits —
The Role of FSIS Performance Standards

e Critical limits incorporated into the establishment’s HACCP plan must at a
minimum assure that any performance standard established by FSIS
pertaining to the product it produces is met (9 CFR 417.2(c)(3))

e For certain ready-to-eat (RTE) products, FSIS has established regulatory
performance standards because they have a higher public health risk
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Food Safety and Inspection Service:

Stabilization (Cooling) Performance Standard

For cooked beef, roast beef, cooked corned beef, cooked meat patties
(318.17(a)(2) and 318.23(c)(1)), partially cooked meat patties, char-marked meat
patties (318.23(c)(1)), and fully cooked poultry products, partially cooked poultry

breakfast strips, partially cooked small mass poultry products (318.150(b)), during
cooling, the critical limit must be designed such that:

— There can be no multiplication (growth) of toxigenic microorganisms such as
C. botulinum, and

— No more than a 1-log,, multiplication (growth) &f C. perfringens within the
finished product
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Food Safety and Inspection Service:

Other Products

For products that do not fall under the performance standards, the
Agency guidance is that the critical limit should be designed so that:

— There can be no multiplication (growth) of toxigenic
microorganisms, such as C. botulinum, and

— No more than a 1-log,, multiplication (growth) of C. perfringens
within the finished product
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Food Safety and Inspection Service:

HACCP System Design -
Pre-requisite Programs

An establishment may determine that biological hazards are NRLTO at the stabilization
(cooling) step due to the implementation of a pre requisite program.

To support this decision (9 CFR 417.5(a)(1), the pre-requisite program must meet four
characteristics:

— The program is written and describes procedures that the establishment will
implement to show the hazard is not reasonably likely to occur.

— The program describes records that the establishment will keep to demonstrate that
the program is being implemented as written.

— The program describes records the establishment will keep te demonstrate the
program effectively prevents the hazard.

— The program describes actions the establishment will take when it fails to implement
the program, or when it finds the program has failed to prevent the hazard.
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Food Safety and Inspection Service:

Scientific Support that can be use to Develop Critical
Limits

* FSIS Guidance (Appendix B)
e Journal Articles

e Challenge Studies

e Validated Cooling Models
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Food Safety and Inspection Service:

FSIS Guidance: Appendix B
— Option 1
* Internal temperature:
— 130-80 °F £ 1.5 hours (optimum growth range)
— 80—-40 °F < 5hours
— Option 2
e Chilling within 90 minutes of cooking
* Internal temperature:
— 120-55 °F <6 hours
— 120-80 °F £ 1 hr (optimum growth range)
— Less than 40 °F before shipping
— Option 3
 FOR NITRITE (i.e., 2 100 ppm) CONTAINING PRODUCTS ONLY
* Internal temperature:
— 130 -80 °F £ 5 hrs (optimum growth range)
— 80—-45°F<10hrs
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Food Safety and Inspection Service:

Additional Heating and Cooling Steps

* When a process has more than one heating and cooling
step and the heating step does not achieve complete
lethality of all vegetative cells, the cumulative growth of
C. perfringens cannot be more than 1-log,,
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Food Safety and Inspection Service:

Corrective Actions - Cooling Deviations

* |n the event of a deviation, the establishment must
ensure (9 CFR 417.3(a)):

— The cause of the deviation is identified and eliminated;

— The CCP will be under control after the corrective action is taken;
— Measures to prevent recurrence are established; and

— No product that is injurious to health enters commerce.
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Food Safety and Inspection Service:

What should establishments consider to ensure product
safety?

e That levels of C. perfringens and C. botulinum that would not be
injurious to health

e After a deviation, different factors are considered than those
used to design the HACCP system

e Establishments can support releasing product that does not meet
the performance standard following a cooling deviation, however,

noncompliance with the performance standard may still exist (if
applicable)
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Food Safety and Inspection Service:

What support can an establishments use to
demonstrate product safety?

e |tis up to the establishment to determine disposition and support the
safety of their products

 Product on-hold may be salvaged (released as is, recooked, or condemned
depending on the results) using:

— Pathogen modeling programs

e Past cooling deviations

e Current cooling deviations
— Other scientific supporting documentation
— Sampling

29



Food Safety and Inspection Service:

Agency Policy Concerning C. perfringens and C. botulinum
Levels

e Based on modeling and/or sampling:

- If no more than 1 log growth of C. perfringens and no C. botulinum
growth (mean net growth < 0.30 log), then the process meets the
stabilization performance standard or Agency policy and the product
can be released.

- If there is greater than a 1 log growth of C. perfringens and > 0.30 log
increase of C. botulinum, then the product should be destroyed
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Food Safety and Inspection Service:

Agency Policy Concerning C. perfringens and C. botulinum Levels

e Based on modeling and/or sampling:

- If there is more than a 1 log growth of C. perfringens and nO C.
botulinum growth (mean net growth < 0.30 log), then product may be
either:

O Recooked or
O Microbiologically tested (N > 10) or
O Destroyed

- Establishments may also be able to support release of product if other
supporting documentation is provided
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Food Safety and Inspection Service:

What types of scientific support can be provided?

* Modeling results and/or sampling
e Documentation addressing:

— Were antimicrobials used in the formulations? Models generally do not take into
account the effect of lactate/diacetate and other antimicrobials.

— Were raw materials produced under good manufacturing practices?
— Did the plant have operational sanitation issues?

— Is the product RTE or NRTE?

— Will the product receive an additional lethality treatment?

— Is the product post-lethality exposed?

— What were the packaging materials?

— Does the establishment have in-plant data showing routine levels of C. perfringens in
their products is low?

— Does the product go to institutions?
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Food Safety and Inspection Service:

Why can this type of support be used?

e The performance standard requires < 1 log growth of C. perfringens in certain
meat and poultry products but critical level for human illness is high: > 6
logs/gram

e So while the establishment may not be in compliance with the standard they may
be able to support product safety as they work through all parts of corrective
actions

e Product risk depends on raw materials and exposure to contamination from the
environment as well as how it is handled after leaving the establishment
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Food Safety and Inspection Service:

Stabilization Policy

 Regulatory requirements and policy related to stabilization
will continue to change

* If you have questions regarding cooling deviations or the
use of a pathogen modeling program submit them
through askFSIS (http://askfsis.custheln.com)
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Food Safety and Inspection Service:

Key Take Away Points

C. perfringens and C. botulinum are hazards of concern in processed meat and
poultry products, however, most common pathway for C. perfringens illness is at
institutions/events

C. perfringens has a high critical level for human illness - 6 logs/gram or higher

Establishments can support releasing product that does not meet the
performance standard following a cooling deviation, however, noncompliance
with the performance standard may still exist (if applicable)

Use askFSIS if you need assistance
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Food Safety and Inspection Service:

Evaluating Cooling Deviations Using Predictive
Microbial Models

* Valuable tools for establishments evaluating the relative
severity of problems caused by process deviations

e |tis not possible or appropriate to rely solely upon a
predictive microbial model to determine the safety of
foods and processing systems unless the model has been
validated for the product and process in question
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Food Safety and Inspection Service:

Cooling Models Available

 Cooling Models currently available:
— ARS PMP 7.0 Cooling Models
— ARS Predictive Microbiology Information Portal (PMIP)

e Cooling of cooked uncured beef, pork, and chicken and
cooked cured pork

— UK IFR ComBase Perfringens Predicicr Model
— Smith-Schaffner Model version #3
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Food Safety and Inspection Service:

Cooling Models

* Websites with free cooling models:
— http://ars.usda.gov/Services/docs.htm?docid=6786

— http://portal.arserrc.gov/

— http://foodsci.rutgers.edu/schaffner/files.htm
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Food Safety and Inspection Service:

PMP 7.0 C. perfringens in beef broth model

e Consistently under predicts C. perfringens growth (1 to 3 log
CFU/ml)

 Not validated for cooked, uncured meat and poultry products

e Results may be used in combination with other scientific
supporting documentation (for example, in-plant data showing
C. perfringens in their finished products is low, etc.)
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Food Safety and Inspection Service:

PMPTO0 - [Cooling Growth Models: Clostridium perfringens - Cooling]
Iet File Wiew Modelss>Bacterium Bacteria>>Model References Window Help ===
Time Mzl [ Temo Cllemo £ <1 | Source andfor Relevant Publications

1 51] 1238 :i W K. Jureja, B.C. Whiting, H.M. Marks and O.F. Sryder, Predictive Model for Growth of -

2 025 43.08] 120.34 Clostridiurn perfingens at Temperatures Applicable to Cooling of Cooked Meat: Food Related

3 o0&l 4723\ 117.02 Microbiology [1339] 16:335-343 - http: /A, arserrc. govMMFS AHTMLAE RR CPubs/B71 2. pdf - ﬂ Publications

Murailable eling bbee A idezlbe ar coee Aokiela Bla e 1000 0945

4 0.75) 45458 11382 = Displav Format-

5 1| 4a747] 11074 R play :

E 125 42102 107.78 alculate ShowTable | |ShowChart| ShowTemp : B

7 15 20518 10493 | | Proteolytic Clostridium

g 1.75] 38.933| 10219 — Modeled Growth Parameters: . .
‘lg 2 2; 3215122 33315 Mean Net Growth =| 1.22 Closfidium perfiingens - Cooling Jeef Broffy g(l)tu I ! n(lij n Befef BrOth
. ) 2 ostridium perfringens

LCL Net Growth=| 0.93 .
12 275 33448 9822 N Beef Broth
13 3] 3219] 89594 —
UCL Net Growth = R . s .
R 1 = B Clostridium perfringens
5 b 5 When entering cooling profile data, E .
16 378 28692 B3ES wou MUST enter Time in hours (e.g. E 1 ‘/F-_ — COOI | ng Cu red Beef
17 4 27612 Eil 15 minute=s = 0.25 hours). = g . )
18 4280 26573 7983 Temperature data is to be entered 2 / CIOSt”d'um perf” ngens
19 45| 25574 70.03 in the appropriate column ag either * /
- - - C or °F (conversions are automatic). _ 1
20 475] 24611 763 el . 7 Cooling Cured
2l 5| 23.683] 74.63 foods, a minimum of five {5) time- 0 __M | | | | | | | C h H k n
22 5.25) 22734 7303 temperature combinations must be ] ! ! ' ] ' ' ICKe
23 BAl 21537 71.43 LI measured, with three (3) or more 01 2 3 4 5 6 7 8 93 10
above T0°F (21°C). The Time point in Hours
1 =t al beldh 3
@ StartI Inbo - Microsoft Outlook, | Microsaft PowerPoint - ... II @ PMP70 - [Cooling Gro... |E e R ! 2 E& (% 653 AM
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Food Safety and Inspection Service:

ARS PMP 7.0 Cooling Model’s Requirements

 When entering cooling profile data, you must enter
time in hours (e.g., 15 minutes = 0.25 hours)

e Temperature data is to be entered in the
appropriate column as either °C or °F (conversions
are automatic)
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Food Safety and Inspection Service:

ARS PMP 7.0 Cooling Model’s Requirements

* When applying these predictions to foods, a minimum of 5
time-temperature combinations must be measured, with
3 or more above 70° F (21° C)

— At least 5 time-temperature combinations are needed to
sufficiently define the shape of cooked product cooling profile.

— The shape of cooked product cooling profile impacts on the
amount of growth of C. perfringens and C. botulinum
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Food Safety and Inspection Service:

The PMIP C. perfringens Models

* For the cooling of cooked, uncured beef, pork, and
chicken

— Analysis shows that these three cooling models
significantly over predicts the growth of C. perfringens
that occurs in cooked, uncured meat and poultry
products

— These models are all considered vzliclated for predicting
the growth of C. perfringens in cooked or heat-treated
uncured meat and poultry products
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Food Safety and Inspection Service:

PMIP Cooling Model - Cooked, Uncured Beef

ff Pathogen Modeling Program Online - Windows Internet Explorer provided by FSIS

Y
@._ ¢ = |@ httpyfipmp.arserrc, oy PMPORline, aspx?ModeID=12 ||y | X L2~
Fil= Edt V“iew Favorites Tools Help

w oG | ,é Pathogen Modeling Program Online | |

United Statas Department Of Agricullure L)
Agricultural Research Service
EASTERN REGIONAL RESEARCH CENTER
Pathogen Modeling Program (PMP) Online
PMP Home You are here: PMP Home / PMP Online
* _PMP Online | Models > Bacterium _» | Bacteria >> Model _» |
About PMP L. i i )
— Growth of Clostridium Perfringens During Cooling of Cooked Uncured Beef
Freguently Asked Input Conditions Modeled Growth Modeled Growth
Questions ]
Temperature in: 6 log(CFU/g)
References ®oc O°F Hours Max Mean Min
0.00 2.13 2.001.87
Initial Amount (log CFU/a) 4 0.02 2.13  2.00 1.87
20 = 0.03 2.12 2.00 1.87
B 0.05 2.13  2.00 1.87
Cooling Method E N 0.07 2.13 2.00 1.87
@ Linear O Exponential " 0.08 2.13 2.00 1.87
0.10 2.13 2.001.87
Ambient Temperature 0.12 2.13 2.00 1.87
10 0 ; ; " 0.13 2.13  2.00 1.87
0 5 10 15 0.15 2.13 2.001.87
Cooling Profile Hours 0.17 2.13 2.00 1.87
time (hour), temperature _ e 0.18 2.13  2.00 1.87
0, 54.4 e i M 0.20 2.13  2.00 1.87
1.5, 27 0.21 2.13 2.00 1.88
16.5, 4 Modeled Growth Parameters 0.23 2.13  2.00 1.88
%r:ﬁzl Cooling 16.50 (hours) 0.25 2.13 2.00 1.88
' 0.26 2.13 2.00 1.88
Predicted Mean 0.28 2,13 2.011.88
Growth: 3.62(log CFU/G) 35 213 201188
0.31 2.14 2.011.88
95% Upper
< > Bod!? 3.71 (log CFU/q) 0.33 2.14 2,01 1.89
0.35 2.14 2.011.89
Or import cooling profile from a 0.36 2.14 2.02 1.89
! 95% Lower . y . .
file in com(l:'r;;l;g?gfr;aatted values Bound:: 3.54 (log CFU/g) 0.38 2.15 2.02 1.90
0.40 2.15 2.03 1.90
0.41 2.16 2.03 1.90 44
[ Calculate Growth Data ] 0.43 2.16 2.04 1.61
0.45 2.17  2.04 1.92
0.46 2.17 2.051.92



Food Safety and Inspection Service:

The other PMP & PMIP Cooling Models

e C. perfringens in cooked, cured beef, pork, and
chicken — these models have not been validated
and should not be used alone

e C. botulinum in beef broth
— Only cooling model available for C. botulinum
— The model has not been validated
— The best tool available at this time
— FSIS does not object to its use
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Food Safety and Inspection Service:

The ComBase Perfringens Predictor Model

e Validated for cooked, cured and uncured meat and
poultry products

* Provides a good estimation of the growth of C.
perfringens in cooked, cured and uncured meat
and poultry products
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Food Safety and Inspection Service:

The ComBase Perfringens Predictor Model

e Perfringens Predictor - Windows Internet Explorer, provided by FSIS

@;}.' |g, combase. i, vl | BR[| X ‘:’ |9 >

Fie Edt VWiew Favorites Tools Help

i:_? Favorites i;:‘@ & | Pathogen Modeling Program... & | Predictive Microbiology Infa... s http--wuww. ars, usda.gov-5... & Eastern Regional Research ... A Residus Chemistry and Pred... N UML Foodsafety Main

(& Perfringens Predictor & B = g v Page v Safety v Tools+ @~

CO TTI(B(ISG Predictive Models

Predictive Models = About | Help

1. Input the pH of the meat, the concentration of NaCl 2. Input your temperature profile 3. Click to run prediction
and indicate whether the product is cured or not
0 775 e
pH [5.2-0.0] 4 384
5 25
8 135

o 127

The rmeat product is: @ Uncured ) Cured

Mote that the cured rmeat option should only be used pravided the initisl concentration of sodiurn nitrite is 100 pprr or higher and the residual sodiurn nitrite concentration is 10 ppr or greater

Predictions
- s Pradiction * Temp. data
T e PR Ter. pofe
01t 7E42 .00
02z 7533 0.00 1.24 8o
033 7425 0.00 \
044 7317 0.00 1
056 7208 0.00 = Lo
067 7100 0.00 =
078 6992 0.00 E 08 g
089 6283 0.00 = E
1.00 67.73 0.00 2 06 F40 =
1.11 66.657 0.00 g 3
122 6558 .00 < 04l S
133 fehS0 .00 T
144 63.42 0.00 & 20
1.56 62,33 0.00 0.2
167  BL2S 0.00 _
178 E0L7 0.00 0 0
189 52.08 0.00
200 5200 0.00 0 2 4 E 8 10
200 5200 0.00 =l Time (h)
P g non

= 47
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Food Safety and Inspection Service:

ComBase Perfringens Predictor Model’s
Requirements

The time unit is hours, and the temperature unit is
degrees centigrade (°C)

A minimum of 5 and a maximum of 100 points (time
versus temperature) records in the cooling profile

ne temperature values must be between 0 and 95°C
he records must be recorded in chronological order
ne first time-point must be zero

ne final temperature must be less than 15°C.
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Food Safety and Inspection Service:

The Smith-Schaffner Version #3 Model

Analysis shows that this cooling model provides a reliable
estimation of the growth of C. perfringens in cooked,
uncured meat and poultry products

Relatively high percentage of accurate and fail-safe
predictions (Mohr et al, 2015)

Considered validated for predicting the growth of C.
perfringens in cooked or heat-treated uncured meat and
poultry products
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Food Safety and Inspection Service:

The Smith-Schaffner version #3 Model

® Generic smith schaffner model version 3 [Compatibility Mode] - Microsoft Excel - 8 X
i+ >
—/’ Home Insert Page Layout Formulas Data Review View AddIns @ - =7 x
ity \ ] ] mm | ] o i - ;
& cut Arial -l - |A AT =||®~| | SiWrapText General @ *}J % |_;‘d . _r\ ld * Autosum ? l}a
23 Copy . £ — - 8] Fill -
Paste - - - - = - ~ g =0 .00 Conditional Format Cell Insert Delete Format Sort & Find &
~ - Format Painter et il G- A | e Merge s Center || % 7 |[%0 sk Formatting = as Table = Styles = - - - ( Clear ~ Filter = Select~
Clipboard (F] Font L} Alignment (F] Number (F] Styles Cells Editing
| Al - | Time
A B C D E F G H | J K L L] N a P a R = i
1 | Time .| Temperature Max GOL
2 hr C allowed EGR % GOL Frac GOL Log10 CFU CFU
3 0.00 54.00 1.82 0.442 0.00 0.00 0.00 1.0
4 0.50 43.97 1.82 0.757 0.28 0.28 0.00 1.0
5 1.00 1.83 0.843 027 0.55 0.00 1.0
(] 1.50 1.85 1.011 0.27 0.82 0.00 1.0
) 2.00 1.86 0.853 0.27 1.09 0.05 1.1
8 250 1.88 0.520 0.27 1.36 051 32
9 3.00 1.90 0.218 0.27 163 0.52 22
10 350 1.92 0.705 0.25 1.85 1.27 18.5
" 400 1.95 0.552 0.25 215 1.56 366
12 450 1.97 0.437 0.25 24 1.81 542
13 5.00 2.00 0.353 0.25 266 200 100.9
14 550 2.03 0.312 0.25 Rl 218 1445
15 §.00 2.08 0.242 0.25 3.16. 228 191.0
16 6.50 2.08 0.185 0.24 3.40 237 2365
7 7.00 212 0.138 0.24 384 244 2773
18 7.50 215 010 0.24 388 248 311.6
ik 8.00 217 0.072 0.23 411 253 338.4
20 8.50 220 0.04% 0.23 4.34 255 358.1
2 5.00 223 0.032 0.23 4.57 257 76
2 5.50 2325 0.020 0.22 475 258 380.2
23 1000 228 0.011 0.22 5 259 385.0
24 1050 230 0.005 0.22 5.23 259 387.4
25 10 232 0.002 0.22 545 259 388.2
26, 1150 234 0.000 0.22 587 259 388.4 A
27T 1200 236 0.000 0 5.88 259 388.4 3
28 1250 238 0.000 0 6.09 259 388.4
25 1300 240 0.000 0 6.30 259 388.4
30| 13.50 4 0.000 0 6.51 259 388.4
31 1400 242 0.000 0.21 872 259 388.4
32 1450 244 0.000 0.21 6.92 259 388.4
33| 15.00 245 0.000 0.21 T.13 259 388.4
34| 1550 246 0.000 0.20 7.33 259 388.4
35| 16.00 247 0.000 0.20 7.54 259 388.4
36| 1650 248 0.000 0.20 774 258 3884
37| 17.00 245 0.000 020 784 258 3884
38| 1750 245 0.000 020 814 258 3884
38| 1800 250 0.000 020 834 258 3884
40 18.50 251 0.000 020 854 258 3884
41 19.00 251 0.000 020 874 258 3884
42| 19.50 252 0.000 0.20 8.94 258 3884
43 | 20.00 252 0.000 0.20 914 259 3834
44 2050 253 0.000 0.20 5.34 259 3834
45 | 21.00 253 0.000 0.20 9.53 259 3834
45 2150 253 0.000 0.20 5.73 259 3834
47 | 2200 254 0.000 0.20 9.93 259 3834
43 | 2250 0.000 0.20 10.13 259 388.4
4% | 23.00 0.000 0.20 10.32 259 388.4 50
50 | 2350 0.000 0.20 1052 259 388.4
51 2400 0.000 0.20 1072 259 388.4
52 | &




Food Safety and Inspection Service:

Cooling Profile

The shape of a cooked product’s cooling profile
affects the amount of growth of C. perfringens
and C. botulinum even though the beginning
product temperature, ending product
temperature and the chilling time is the same

51



Food Safety and Inspection Service:
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Chart1

		0		0

		0.2071666667		0.2071666667

		0.4238333333		0.4238333333

		0.6511666667		0.6511666667

		0.89		0.89

		1.1436666667		1.1436666667

		1.4081666667		1.4081666667

		1.6906666667		1.6906666667

		1.9913333333		1.9913333333

		2.3166666667		2.3166666667

		2.6583333333		2.6583333333

		3.0333333333		3.0333333333

		3.4333333333		3.4333333333

		3.8833333333		3.8833333333

		4.3666666667		4.3666666667

		4.9166666667		4.9166666667

		5.5416666667		5.5416666667

		6.26		6.26

		7.11		7.11

		8.15		8.15

		9.4883333333		9.4883333333

		11.3783333333		11.3783333333

		12		12



deg C

est. log growth

Cooling Time (hrs)

Temperature (deg C)

Estimated Log Growth

54.4444444444

52.2222222222

0.3500069083

48.8888888889

0.3500141575

43.3333333333

0.356696717

37.7777777778

0.3718986335

32.2222222222

0.3880030965

26.6666666667

0.4000702402

23.3333333333

0.4083982918

20.5555555556

0.4142866759

18.3333333333

0.4183803702

16.6666666667

0.4211302391

15

0.4229634478

13.8888888889

0.4240924651

12.7777777778

0.4247967787

11.6666666667

0.4251207322

10.5555555556

0.4252022092

9.4444444444

0.4252037241

8.3333333333

0.4253717958

7.2222222222

0.4260920057

6.1111111111

0.4280300153

5.5555555556

0.4319721994

4.4444444444

0.4403394805

3.3333333333

0.4445197818



18 hr

		a(1)				b(1)		a(g)		b(g)		T(min)		T(max)

		0.02				0.19		0.044		0.419		10.126		51.02

		time (hr)		deg F		deg C		midpoint		GOL (hr)		cum GOL		f		EGR (hr)		exp(J)		H'		est. log growth

		0.00		175.00		54.4

		1.00		126.50		47.6		51.0		394.54		0.003		393.54		0.0270		3196.36		0.000		0.35

		2.00		78.00		41.7		44.7		2.99		0.337		1.98		2.1476		83.99		0.100		0.45

		3.00		78.00		36.6		39.2		3.32		0.639		1.20		1.6196		22.38		0.265		0.72

		4.00		78.00		32.2		34.4		4.43		0.864		0.60		1.1397		10.93		0.350		1.07

		5.00		78.00		28.3		30.3		6.29		1.023		-0.15		0.7839		6.92		0.346		1.41

		6.00		78.00		25.0		26.7		9.25		1.131		-1.22		0.5286		5.12		0.289		1.70

		7.00		78.00		22.1		23.6		13.95		1.203		-2.83		0.3489		4.20		0.217		1.92

		8.00		78.00		19.6		20.9		21.81		1.249		-5.43		0.2226		3.70		0.149		2.07

		9.00		78.00		17.4		18.5		35.73		1.277		-9.90		0.1358		3.43		0.095		2.16

		10.00		78.00		15.6		16.5		61.62		1.293		-18.07		0.0787		3.28		0.056		2.22

		11.00		78.00		13.9		14.8		117.04		1.302		-35.32		0.0414		3.20		0.030		2.25

		12.00		78.00		12.5		13.2		264.77		1.306		-80.90		0.0183		3.17		0.013		2.26

		13.00		78.00		11.3		11.9		794.86		1.307		-243.88		0.0061		3.16		0.004		2.27

		14.00		78.00		10.2		10.8		6423.58		1.307		-1971.91		0.0008		3.16		0.001		2.27

		15.00		78.00		9.3		9.8		17690.30		1.307		-5431.56		0.0003		3.16		0.000		2.27



&C&14Prediction of C. perfringens Growth During Cooling of Cooked, Ground Beef from 54.4C to 7.2C in 18 hr*

&L* data from: Juneja, V.K., O.P. Snyder Jr., and M. Cygnarowicz-Provost.  1994.  Influence of cooking rate on outgrowth of Clostridium perfrinens spores in cooked ground beef.  J. Food Protection 57: 1063-1067.

NFPA User:
average  between previous temperature and at this timepoint.  Must be >Tmin and <Tmax

NFPA User:
= predicted lag time 
= (1 / a1 * (T-Tmin) * sqrt(1-exp(b1(T-Tmax))))^2

NFPA User:
=(time increment / GOL)  + previous cum GOL

NFPA User:
= GOL * (1 - cum. GOL)

NFPA User:
= predicted exponential growth rate 
= (ag * (T-Tmin) * sqrt(1-exp(bg(T-Tmax))))^2

NFPA User:
J = (4 * EGR * f / 7) +2

NFPA User:
= incremental predicted log increase
 = time increment * 4 * EGR * exp(J) / (1+exp(J))^2

NFPA User:
= cumulative sum of H' and 0.35 log "safety factor" to account for upper 95% confidence interval in model.



18 hr

		



deg C

est. log growth

Cooling Time (hrs)

Temperature (deg C)

Sum (H')



15 hr

		a(1)				b(1)		a(g)		b(g)		T(min)		T(max)

		0.02				0.19		0.044		0.419		10.126		51.02

		time (hr)		deg F		deg C		midpoint		GOL (hr)		cum GOL		f		EGR (hr)		exp(J)		H'		est. log growth

		0.00		175.00		54.4

		1.00		126.50		46.4		50.4		13.87		0.072		12.87		0.7184		1455.84		0.002		0.35

		2.00		78.00		39.6		43.0		2.96		0.410		1.74		2.0196		55.33		0.141		0.49

		3.00		78.00		33.9		36.8		3.78		0.675		1.23		1.3688		19.31		0.256		0.75

		4.00		78.00		29.1		31.5		5.61		0.853		0.82		0.8842		11.20		0.266		1.02

		5.00		78.00		25.0		27.1		8.82		0.967		0.30		0.5545		8.11		0.217		1.23

		6.00		78.00		21.6		23.3		14.48		1.036		-0.52		0.3360		6.69		0.152		1.38

		7.00		78.00		18.7		20.2		24.95		1.076		-1.89		0.1945		5.99		0.095		1.48

		8.00		78.00		16.2		17.5		46.69		1.097		-4.53		0.1038		5.65		0.053		1.53

		9.00		78.00		14.2		15.2		97.21		1.107		-10.44		0.0498		5.49		0.026		1.56

		10.00		78.00		12.5		13.4		240.71		1.112		-26.84		0.0201		5.43		0.011		1.57

		11.00		78.00		11.1		11.8		892.65		1.113		-100.54		0.0054		5.41		0.003		1.57

		12.00		78.00		9.8		10.5		23825.67		1.113		-2684.56		0.0002		5.41		0.000		1.57



&C&14Prediction of C. perfringens Growth During Cooling of Cooked, Ground Beef from 54.4C to 7.2C in 15 hr*

&R* data from: Juneja, V.K.,  O.P. Snyder Jr., and M. Cygnarowicz-Provost. 1994. Influence of Cooling Rate on Outgrowth of Clostridium perfringens Spores in Cooked Ground Beef.  J. Food Protect. 57: 1063-1067.



15 hr

		



&C&14Predicted C. perfringens growth during cooling of cooked, ground beef from 54.4C to 7.2C in 15 hr*

&L&12* data from Juneja, V.K., O.P. Snyder Jr., and M. Cygnarowicz-Provost. 1994. Influence of cooling rate on outgrowth of Clostridum perfrinens spores in cooked ground beef.  J. Food Protection 57: 1063 - 1067.

deg C

est. log growth

Cooling Time (hrs)

Temperature (deg C)

Estimated Log Growth



12 hr

		a(1)				b(1)		a(g)		b(g)		T(min)		T(max)

		0.02				0.19		0.044		0.419		10.126		51.02

		time (hr)		deg F		deg C		midpoint		GOL (hr)		cum GOL		f		EGR (hr)		exp(J)		H'		est. log growth

		0.00		130.00		54.4

		0.21		126.00		52.2		51.0		394.54		0.001		394.33		0.0270		3235.68		0.000		0.35

		0.42		120.00		48.9		51.0		394.54		0.001		394.11		0.0270		3224.89		0.000		0.35

		0.65		110.00		43.3		46.1		3.18		0.072		2.95		2.1864		295.52		0.007		0.36

		0.89		100.00		37.8		40.6		3.13		0.149		2.66		1.7703		109.24		0.015		0.37

		1.14		90.00		32.2		35.0		4.24		0.209		3.36		1.1964		73.36		0.016		0.39

		1.41		80.00		26.7		29.4		6.81		0.247		5.13		0.7224		61.32		0.012		0.40

		1.69		74.00		23.3		25.0		11.38		0.272		8.28		0.4283		56.10		0.008		0.41

		1.99		69.00		20.6		21.9		17.97		0.289		12.78		0.2704		53.21		0.006		0.41

		2.32		65.00		18.3		19.4		28.86		0.300		20.20		0.1681		51.42		0.004		0.42

		2.66		62.00		16.7		17.5		46.06		0.308		31.88		0.1053		50.30		0.003		0.42

		3.03		59.00		15.0		15.8		76.85		0.313		52.82		0.0631		49.58		0.002		0.42

		3.43		57.00		13.9		14.4		134.18		0.316		91.84		0.0361		49.15		0.001		0.42

		3.88		55.00		12.8		13.3		243.21		0.317		166.02		0.0199		48.88		0.001		0.42

		4.37		53.00		11.7		12.2		569.30		0.318		388.11		0.0085		48.75		0.000		0.43

		4.92		51.00		10.6		11.1		2577.45		0.318		1756.61		0.0019		48.71		0.000		0.43

		5.54		49.00		9.4		10.0		157535.34		0.318		107364.06		0.0000		48.70		0.000		0.43

		6.26		47.00		8.3		8.9		1634.06		0.319		1112.93		0.0030		48.63		0.000		0.43

		7.11		45.00		7.2		7.8		453.50		0.321		308.02		0.0107		48.38		0.001		0.43

		8.15		43.00		6.1		6.7		208.95		0.326		140.88		0.0232		47.71		0.002		0.43

		9.49		42.00		5.6		5.8		135.70		0.336		90.15		0.0357		46.42		0.004		0.43

		11.38		40.00		4.4		5.0		95.16		0.355		61.33		0.0509		43.94		0.008		0.44

		12.00		38.00		3.3		3.9		64.27		0.365		40.80		0.0753		42.78		0.004		0.44



&C&14Predicted C. perfringens growth during cooling of cooked, ground beef
from 130F (54.4C) to 45F (7.2C) in 12 hours*

&L&12*data from Dr. Vijay Juneja, USDA ARS, personal communication.

David Gombas:
adjusted to be < T(max)

David Gombas:
Adjusted to be < T(max)



12 hr

		



&C&14Predicted C. perfringens growth during cooling of cooked, ground beef from 54.4C to 7.2C in 12 hr*

&L&12* data from Vijay Juneja, USDA ARS, personal communication.

deg C

est. log growth

Cooling Time (hrs)

Temperature (deg C)

Estimated Log Growth




Food Safety and Inspection Service:

Cooling/Growth Chart for Slow Cooling
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Chart1
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deg C

est. log growth

Cooling Time (hrs)

Temperature (deg C)

Estimated Log Growth

54.4444444444

52.2222222222

0.3500069083

50

0.3500141575

47.7777777778

0.3519770471

45.5555555556

0.3593258338

43.3333333333

0.3753538623

41.1111111111
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0.4833447523

34.4444444444
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32.2222222222
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30
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21.1111111111
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16.6666666667

0.9499005857
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0.9665427127

12.2222222222

0.9737170332

10

0.9745890432

6.6666666667

0.9786894056

4.4444444444

0.9875583789



18 hr

		a(1)				b(1)		a(g)		b(g)		T(min)		T(max)

		0.02				0.19		0.044		0.419		10.126		51.02

		time (hr)		deg F		deg C		midpoint		GOL (hr)		cum GOL		f		EGR (hr)		exp(J)		H'		est. log growth

		0.00		175.00		54.4

		1.00		126.50		47.6		51.0		394.54		0.003		393.54		0.0270		3196.36		0.000		0.35

		2.00		78.00		41.7		44.7		2.99		0.337		1.98		2.1476		83.99		0.100		0.45

		3.00		78.00		36.6		39.2		3.32		0.639		1.20		1.6196		22.38		0.265		0.72

		4.00		78.00		32.2		34.4		4.43		0.864		0.60		1.1397		10.93		0.350		1.07

		5.00		78.00		28.3		30.3		6.29		1.023		-0.15		0.7839		6.92		0.346		1.41

		6.00		78.00		25.0		26.7		9.25		1.131		-1.22		0.5286		5.12		0.289		1.70

		7.00		78.00		22.1		23.6		13.95		1.203		-2.83		0.3489		4.20		0.217		1.92

		8.00		78.00		19.6		20.9		21.81		1.249		-5.43		0.2226		3.70		0.149		2.07

		9.00		78.00		17.4		18.5		35.73		1.277		-9.90		0.1358		3.43		0.095		2.16

		10.00		78.00		15.6		16.5		61.62		1.293		-18.07		0.0787		3.28		0.056		2.22

		11.00		78.00		13.9		14.8		117.04		1.302		-35.32		0.0414		3.20		0.030		2.25

		12.00		78.00		12.5		13.2		264.77		1.306		-80.90		0.0183		3.17		0.013		2.26

		13.00		78.00		11.3		11.9		794.86		1.307		-243.88		0.0061		3.16		0.004		2.27

		14.00		78.00		10.2		10.8		6423.58		1.307		-1971.91		0.0008		3.16		0.001		2.27

		15.00		78.00		9.3		9.8		17690.30		1.307		-5431.56		0.0003		3.16		0.000		2.27



&C&14Prediction of C. perfringens Growth During Cooling of Cooked, Ground Beef from 54.4C to 7.2C in 18 hr*

&L* data from: Juneja, V.K., O.P. Snyder Jr., and M. Cygnarowicz-Provost.  1994.  Influence of cooking rate on outgrowth of Clostridium perfrinens spores in cooked ground beef.  J. Food Protection 57: 1063-1067.

NFPA User:
average  between previous temperature and at this timepoint.  Must be >Tmin and <Tmax

NFPA User:
= predicted lag time 
= (1 / a1 * (T-Tmin) * sqrt(1-exp(b1(T-Tmax))))^2

NFPA User:
=(time increment / GOL)  + previous cum GOL

NFPA User:
= GOL * (1 - cum. GOL)

NFPA User:
= predicted exponential growth rate 
= (ag * (T-Tmin) * sqrt(1-exp(bg(T-Tmax))))^2

NFPA User:
J = (4 * EGR * f / 7) +2

NFPA User:
= incremental predicted log increase
 = time increment * 4 * EGR * exp(J) / (1+exp(J))^2

NFPA User:
= cumulative sum of H' and 0.35 log "safety factor" to account for upper 95% confidence interval in model.



18 hr

		



deg C

est. log growth

Cooling Time (hrs)

Temperature (deg C)

Sum (H')



15 hr

		a(1)				b(1)		a(g)		b(g)		T(min)		T(max)

		0.02				0.19		0.044		0.419		10.126		51.02

		time (hr)		deg F		deg C		midpoint		GOL (hr)		cum GOL		f		EGR (hr)		exp(J)		H'		est. log growth

		0.00		175.00		54.4

		1.00		126.50		46.4		50.4		13.87		0.072		12.87		0.7184		1455.84		0.002		0.35

		2.00		78.00		39.6		43.0		2.96		0.410		1.74		2.0196		55.33		0.141		0.49

		3.00		78.00		33.9		36.8		3.78		0.675		1.23		1.3688		19.31		0.256		0.75

		4.00		78.00		29.1		31.5		5.61		0.853		0.82		0.8842		11.20		0.266		1.02

		5.00		78.00		25.0		27.1		8.82		0.967		0.30		0.5545		8.11		0.217		1.23

		6.00		78.00		21.6		23.3		14.48		1.036		-0.52		0.3360		6.69		0.152		1.38

		7.00		78.00		18.7		20.2		24.95		1.076		-1.89		0.1945		5.99		0.095		1.48

		8.00		78.00		16.2		17.5		46.69		1.097		-4.53		0.1038		5.65		0.053		1.53

		9.00		78.00		14.2		15.2		97.21		1.107		-10.44		0.0498		5.49		0.026		1.56

		10.00		78.00		12.5		13.4		240.71		1.112		-26.84		0.0201		5.43		0.011		1.57

		11.00		78.00		11.1		11.8		892.65		1.113		-100.54		0.0054		5.41		0.003		1.57

		12.00		78.00		9.8		10.5		23825.67		1.113		-2684.56		0.0002		5.41		0.000		1.57



&C&14Prediction of C. perfringens Growth During Cooling of Cooked, Ground Beef from 54.4C to 7.2C in 15 hr*

&R* data from: Juneja, V.K.,  O.P. Snyder Jr., and M. Cygnarowicz-Provost. 1994. Influence of Cooling Rate on Outgrowth of Clostridium perfringens Spores in Cooked Ground Beef.  J. Food Protect. 57: 1063-1067.



15 hr

		



&C&14Predicted C. perfringens growth during cooling of cooked, ground beef from 54.4C to 7.2C in 15 hr*

&L&12* data from Juneja, V.K., O.P. Snyder Jr., and M. Cygnarowicz-Provost. 1994. Influence of cooling rate on outgrowth of Clostridum perfrinens spores in cooked ground beef.  J. Food Protection 57: 1063 - 1067.

deg C

est. log growth

Cooling Time (hrs)

Temperature (deg C)

Estimated Log Growth



12 hr

		a(1)				b(1)		a(g)		b(g)		T(min)		T(max)

		0.02				0.19		0.044		0.419		10.126		51.02

		time (hr)		deg F		deg C		midpoint		GOL (hr)		cum GOL		f		EGR (hr)		exp(J)		H'		est. log growth

		0.00		130.00		54.4

		0.21		126.00		52.2		51.0		394.54		0.001		394.33		0.0270		3235.68		0.000		0.35

		0.42		122.00		50.0		51.0		394.54		0.001		394.11		0.0270		3224.89		0.000		0.35

		0.65		118.00		47.8		48.9		5.00		0.047		4.76		1.7179		793.83		0.002		0.35

		0.89		114.00		45.6		46.7		3.33		0.118		2.93		2.1678		279.81		0.007		0.36

		1.14		110.00		43.3		44.4		2.98		0.204		2.37		2.1351		133.16		0.016		0.38

		1.41		106.00		41.1		42.2		2.99		0.292		2.12		1.9444		77.52		0.026		0.40

		1.69		102.00		38.9		40.0		3.19		0.381		1.98		1.7107		51.15		0.036		0.44

		1.99		98.00		36.7		37.8		3.56		0.465		1.90		1.4745		36.72		0.046		0.48

		2.32		94.00		34.4		35.6		4.08		0.545		1.86		1.2500		27.87		0.054		0.54

		2.66		90.00		32.2		33.3		4.81		0.616		1.85		1.0421		22.20		0.059		0.60

		3.03		86.00		30.0		31.1		5.81		0.680		1.86		0.8524		18.26		0.063		0.66

		3.43		82.00		27.8		28.9		7.21		0.736		1.90		0.6815		15.51		0.062		0.72

		3.88		78.00		25.6		26.7		9.23		0.785		1.99		0.5297		13.49		0.061		0.78

		4.37		74.00		23.3		24.4		12.27		0.824		2.16		0.3969		12.06		0.054		0.84

		4.92		70.00		21.1		22.2		17.16		0.856		2.47		0.2833		11.02		0.048		0.88

		5.54		66.00		18.9		20.0		25.71		0.880		3.08		0.1888		10.30		0.038		0.92

		6.26		62.00		16.7		17.8		42.78		0.897		4.40		0.1134		9.83		0.027		0.95

		7.11		58.00		14.4		15.6		84.90		0.907		7.88		0.0571		9.56		0.017		0.97

		8.15		54.00		12.2		13.3		243.21		0.911		21.54		0.0199		9.44		0.007		0.97

		9.49		50.00		10.0		11.1		2577.45		0.912		226.97		0.0019		9.43		0.001		0.97

		11.38		44.00		6.7		8.3		778.16		0.914		66.64		0.0062		9.36		0.004		0.98

		12.00		40.00		4.4		5.6		119.70		0.920		9.63		0.0404		9.23		0.009		0.99



&C&14Predicted C. perfringens growth during cooling of cooked, ground beef
from 130F (54.4C) to 45F (7.2C) in 12 hours*

&L&12*data from Dr. Vijay Juneja, USDA ARS, personal communication.

David Gombas:
adjusted to be < T(max)

David Gombas:
Adjusted to be < T(max)



12 hr

		



&C&14Predicted C. perfringens growth during cooling of cooked, ground beef from 54.4C to 7.2C in 12 hr*

&L&12* data from Vijay Juneja, USDA ARS, personal communication.

deg C

est. log growth

Cooling Time (hrs)

Temperature (deg C)

Estimated Log Growth




Food Safety and Inspection Service:

Cooling/Growth Chart for Very Slow Cooling
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deg C

est. log growth

Cooling Time (hrs)

Temperature (deg C)

Estimated Log Growth
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18 hr

		a(1)				b(1)		a(g)		b(g)		T(min)		T(max)

		0.02				0.19		0.044		0.419		10.126		51.02

		time (hr)		deg F		deg C		midpoint		GOL (hr)		cum GOL		f		EGR (hr)		exp(J)		H'		est. log growth

		0.00		175.00		54.4

		1.00		126.50		47.6		51.0		394.54		0.003		393.54		0.0270		3196.36		0.000		0.35

		2.00		78.00		41.7		44.7		2.99		0.337		1.98		2.1476		83.99		0.100		0.45

		3.00		78.00		36.6		39.2		3.32		0.639		1.20		1.6196		22.38		0.265		0.72

		4.00		78.00		32.2		34.4		4.43		0.864		0.60		1.1397		10.93		0.350		1.07

		5.00		78.00		28.3		30.3		6.29		1.023		-0.15		0.7839		6.92		0.346		1.41

		6.00		78.00		25.0		26.7		9.25		1.131		-1.22		0.5286		5.12		0.289		1.70

		7.00		78.00		22.1		23.6		13.95		1.203		-2.83		0.3489		4.20		0.217		1.92

		8.00		78.00		19.6		20.9		21.81		1.249		-5.43		0.2226		3.70		0.149		2.07

		9.00		78.00		17.4		18.5		35.73		1.277		-9.90		0.1358		3.43		0.095		2.16

		10.00		78.00		15.6		16.5		61.62		1.293		-18.07		0.0787		3.28		0.056		2.22

		11.00		78.00		13.9		14.8		117.04		1.302		-35.32		0.0414		3.20		0.030		2.25

		12.00		78.00		12.5		13.2		264.77		1.306		-80.90		0.0183		3.17		0.013		2.26

		13.00		78.00		11.3		11.9		794.86		1.307		-243.88		0.0061		3.16		0.004		2.27

		14.00		78.00		10.2		10.8		6423.58		1.307		-1971.91		0.0008		3.16		0.001		2.27

		15.00		78.00		9.3		9.8		17690.30		1.307		-5431.56		0.0003		3.16		0.000		2.27



&C&14Prediction of C. perfringens Growth During Cooling of Cooked, Ground Beef from 54.4C to 7.2C in 18 hr*

&L* data from: Juneja, V.K., O.P. Snyder Jr., and M. Cygnarowicz-Provost.  1994.  Influence of cooking rate on outgrowth of Clostridium perfrinens spores in cooked ground beef.  J. Food Protection 57: 1063-1067.

NFPA User:
average  between previous temperature and at this timepoint.  Must be >Tmin and <Tmax

NFPA User:
= predicted lag time 
= (1 / a1 * (T-Tmin) * sqrt(1-exp(b1(T-Tmax))))^2

NFPA User:
=(time increment / GOL)  + previous cum GOL

NFPA User:
= GOL * (1 - cum. GOL)

NFPA User:
= predicted exponential growth rate 
= (ag * (T-Tmin) * sqrt(1-exp(bg(T-Tmax))))^2

NFPA User:
J = (4 * EGR * f / 7) +2

NFPA User:
= incremental predicted log increase
 = time increment * 4 * EGR * exp(J) / (1+exp(J))^2

NFPA User:
= cumulative sum of H' and 0.35 log "safety factor" to account for upper 95% confidence interval in model.



18 hr

		



deg C

est. log growth

Cooling Time (hrs)

Temperature (deg C)

Sum (H')



15 hr

		a(1)				b(1)		a(g)		b(g)		T(min)		T(max)

		0.02				0.19		0.044		0.419		10.126		51.02

		time (hr)		deg F		deg C		midpoint		GOL (hr)		cum GOL		f		EGR (hr)		exp(J)		H'		est. log growth

		0.00		175.00		54.4

		1.00		126.50		46.4		50.4		13.87		0.072		12.87		0.7184		1455.84		0.002		0.35

		2.00		78.00		39.6		43.0		2.96		0.410		1.74		2.0196		55.33		0.141		0.49

		3.00		78.00		33.9		36.8		3.78		0.675		1.23		1.3688		19.31		0.256		0.75

		4.00		78.00		29.1		31.5		5.61		0.853		0.82		0.8842		11.20		0.266		1.02

		5.00		78.00		25.0		27.1		8.82		0.967		0.30		0.5545		8.11		0.217		1.23

		6.00		78.00		21.6		23.3		14.48		1.036		-0.52		0.3360		6.69		0.152		1.38

		7.00		78.00		18.7		20.2		24.95		1.076		-1.89		0.1945		5.99		0.095		1.48

		8.00		78.00		16.2		17.5		46.69		1.097		-4.53		0.1038		5.65		0.053		1.53

		9.00		78.00		14.2		15.2		97.21		1.107		-10.44		0.0498		5.49		0.026		1.56

		10.00		78.00		12.5		13.4		240.71		1.112		-26.84		0.0201		5.43		0.011		1.57

		11.00		78.00		11.1		11.8		892.65		1.113		-100.54		0.0054		5.41		0.003		1.57

		12.00		78.00		9.8		10.5		23825.67		1.113		-2684.56		0.0002		5.41		0.000		1.57



&C&14Prediction of C. perfringens Growth During Cooling of Cooked, Ground Beef from 54.4C to 7.2C in 15 hr*

&R* data from: Juneja, V.K.,  O.P. Snyder Jr., and M. Cygnarowicz-Provost. 1994. Influence of Cooling Rate on Outgrowth of Clostridium perfringens Spores in Cooked Ground Beef.  J. Food Protect. 57: 1063-1067.



15 hr

		



&C&14Predicted C. perfringens growth during cooling of cooked, ground beef from 54.4C to 7.2C in 15 hr*

&L&12* data from Juneja, V.K., O.P. Snyder Jr., and M. Cygnarowicz-Provost. 1994. Influence of cooling rate on outgrowth of Clostridum perfrinens spores in cooked ground beef.  J. Food Protection 57: 1063 - 1067.

deg C

est. log growth

Cooling Time (hrs)

Temperature (deg C)

Estimated Log Growth



12 hr

		a(1)				b(1)		a(g)		b(g)		T(min)		T(max)

		0.02				0.19		0.044		0.419		10.126		51.02

		time (hr)		deg F		deg C		midpoint		GOL (hr)		cum GOL		f		EGR (hr)		exp(J)		H'		est. log growth

		0.00		130.00		54.4

		0.21		126.00		52.2		51.0		394.54		0.001		394.33		0.0270		3235.68		0.000		0.35

		0.42		122.00		50.0		51.0		394.54		0.001		394.11		0.0270		3224.89		0.000		0.35

		0.65		118.00		47.8		48.9		5.00		0.047		4.76		1.7179		793.83		0.002		0.35

		0.89		114.00		45.6		46.7		3.33		0.118		2.93		2.1678		279.81		0.007		0.36

		1.14		110.00		43.3		44.4		2.98		0.204		2.37		2.1351		133.16		0.016		0.38

		1.41		106.00		41.1		42.2		2.99		0.292		2.12		1.9444		77.52		0.026		0.40

		1.69		104.00		40.0		40.6		3.13		0.382		1.93		1.7703		52.17		0.037		0.44

		1.99		102.00		38.9		39.4		3.27		0.474		1.72		1.6511		37.43		0.050		0.49

		2.32		100.00		37.8		38.3		3.45		0.569		1.49		1.5328		27.23		0.068		0.56

		2.66		98.00		36.7		37.2		3.67		0.662		1.24		1.4170		20.21		0.087		0.64

		3.03		96.00		35.6		36.1		3.93		0.757		0.96		1.3047		15.07		0.114		0.76

		3.43		94.00		34.4		35.0		4.24		0.851		0.63		1.1964		11.38		0.142		0.90

		3.88		91.00		32.8		33.6		4.70		0.947		0.25		1.0671		8.61		0.179		1.08

		4.37		88.00		31.1		31.9		5.40		1.036		-0.20		0.9213		6.66		0.202		1.28

		4.92		85.00		29.4		30.3		6.28		1.124		-0.78		0.7861		5.21		0.234		1.51

		5.54		82.00		27.8		28.6		7.42		1.208		-1.55		0.6615		4.12		0.260		1.77

		6.26		74.00		23.3		25.6		10.58		1.276		-2.92		0.4609		3.42		0.232		2.01

		7.11		68.00		20.0		21.7		18.84		1.321		-6.05		0.2578		3.03		0.164		2.17

		8.15		62.00		16.7		18.3		37.19		1.349		-12.99		0.1304		2.81		0.105		2.28

		9.49		54.00		12.2		14.4		134.18		1.359		-48.20		0.0361		2.73		0.038		2.31

		11.38		48.00		8.9		10.6		13555.03		1.359		-4870.47		0.0004		2.73		0.001		2.31

		12.00		42.00		5.6		7.2		296.56		1.361		-107.18		0.0163		2.72		0.008		2.32



&C&14Predicted C. perfringens growth during cooling of cooked, ground beef
from 130F (54.4C) to 45F (7.2C) in 12 hours*

&L&12*data from Dr. Vijay Juneja, USDA ARS, personal communication.

David Gombas:
adjusted to be < T(max)

David Gombas:
Adjusted to be < T(max)



12 hr

		



&C&14Predicted C. perfringens growth during cooling of cooked, ground beef from 54.4C to 7.2C in 12 hr*

&L&12* data from Vijay Juneja, USDA ARS, personal communication.

deg C

est. log growth

Cooling Time (hrs)

Temperature (deg C)

Estimated Log Growth




Food Safety and Inspection Service:

A Validated Cooling Model

A valuable tool to support:

—the selection of time and temperature critical
limits at the cooling CCP, and

— corrective actions for a cooling process deviation

55



Food Safety and Inspection Service:

Cooling Models

* The cooling/growth model can be used for cooling
deviations if:

— The model is validated for the specific cooked RTE
meat/poultry product; or

— Other credible scientific documentation (e.g., finished
product testing for C. perfringens) is provided to
support modeling results if model is not validated
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Food Safety and Inspection Service:

Cooling Deviation

e Scenario #1:

 The plant has a cooling CCP CL

“product’s maximum internal temperature should not
remain between 130° F and 80° F for more than 1.5
nor between 80° F and 40° F for more than 5 hours”

e For this cooling deviation, the cooked, uncured perishable
product took 2 hours to reach an internai temperature of
80° F and then another 6 hours to reach an internal

temperature of 40° F.
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Food Safety and Inspection Service:

Cooling Deviation

e Scenario #1 (cont.):

 The plant plans to use the validated ComBase Perfringens
Predictor Model and the PMP 7.0 cooling model for C.
botulinum to estimate the growth of C. perfringens and C.
botulinum , respectively, that occurred in their affected
product.

 The plant has documentation on the pH (6.2) and salt
concentration (1%) for their affected product.
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Food Safety and Inspection Service:

Cooling Deviation

e Scenario #1 (cont.):

* The company recorded the following time/temp data as the product cooled
down:

HRERES
(Hr) (F) (Hr) (F) (Hr) (F)
130
05 110 3.0 /1 7.0 45
1.0 95 40 63 8.0 40

1.5 85 5.0 56
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Food Safety and Inspection Service:

Cooling Deviation

e Scenario #1 - Results from ComBase and PMP 7.0 Cooling
Models
— C. perfringens
e Mean Net Growth = 0.75 log increase

— C. botulinum

e Mean Net Growth = 0.00 log increase
e LCL Net Growth =-0.01 log increase
e UCL Net Growth =0.01 log increase
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Food Safety and Inspection Service:

Cooling Deviation

e Scenario #1 - Product Disposition
* Product may be released without any further action because:

— The predicted growth for C. perfringens is a 0.75 log
increase which meets the Agency performance
standard/policy of no more than 1.0 log increase for the
pathogen; and

— The predicted mean net growth for C. botulinum is 0.00 log
which is not more than a 0.3 mean {cg increase indicating
no multiplication of the pathogen thus meeting the Agency
performance standard/policy
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Food Safety and Inspection Service:

Cooling Deviation

 Scenario #2:
 The plant has a cooling CCP CL

“product’s maximum internal temperature should not
remain between 130° F and 80° F for more than 1.5,
nor between 80° F and 40° F for more than 5 hours”

e For this cooling deviation, the cooked, uncured perishable
product took approximately 4 hours to reach an internal
temperature of 80° F and then another 11 hours to reach
an internal temperature of 40° F.
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Food Safety and Inspection Service:

Cooling Deviation

e Scenario #2 (cont.):

 The plant plans to use the validated ComBase Perfringens
Predictor Model and the PMP 7.0 cooling model for C.
botulinum to estimate the growth of C. perfringens and C.
botulinum , respectively, that occurred in their affected
product.

 The plant has documentation on the pH (6.0) and salt
concentration (1.5%) for their affected product.
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Food Safety and Inspection Service:

Cooling Deviation

e Scenario #2 (cont.):

* The company recorded the following time/temp data as the product cooled
down:

Time Temp (F) Time Temp (F) Time Temp (F)
(Hr) (Hr) (Hr)

129.92 65.48 12.0 44.24
1.0 110.12 7.0 60.26 13.0 42.44
2.0 97.34 8.0 55.76 14.0 40.82
3.0 87.26 9.0 52.16 15.0 39.56
4.0 78.80 10.0 49.10

5.0 71.60 11.0 46.58
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Food Safety and Inspection Service:

Cooling Deviation

e Scenario #2 -Results from ComBase and PMP 7.0 Cooling
Models
— C. perfringens
e Mean Net Growth = 2.10 log increase

— C. botulinum

e Mean Net Growth =0.19 log increase
e LCL Net Growth =-0.08 log increase
e UCL Net Growth =0.29 log increase
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Food Safety and Inspection Service:

Cooling Deviation

e Scenario #2 - Product Disposition
e Product can be recooked because:

— The predicted growth for Clostridium perfringens is a 2.1 log
increase which exceeds the Agency performance
standard/policy of no more than 1.0 log increase for the
pathogen; and

— The predicted mean net growth for Clostridium botulinum is
0.19 log which is not more than a 0.3 mean log increase
indicating there was no multiplication of the pathogen thus
meeting the Agency performance standard,/policy

* Plant may elect to microbiologically test or destroy affected
product instead of recooking the product
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Food Safety and Inspection Service:

Intrinsic Factors that can affect the growth
of C. perfringens

e« pH

e Aw

* Nitrite

e Buffered sodium citrate

e Buffered sodium citrate/sodium diacetate

e lLactate/diacetate

e Sodium lactate and sodium acetate
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Food Safety and Inspection Service:

Intrinsic and Extrinsic Factors that can
affect the growth of C. perfringens
e % Salt (NaCl)
e Sample bag type (oxygen permeability)

e Growth Medium
— FTG medium versus ground beef

e Faster growth rates in ground beef
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Food Safety and Inspection Service:
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Food Safety and Inspection Service:

THANK YOU! i,

DO YOU HAVE ANY
QUESTIONS?
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