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Food Safety and Inspection Service:

Topics to be Covered

Biological hazards associated with stabilization (cooling)

FSIS requirements or policy concerning stabilization

FSIS policy concerning C. perfringens and C. botulinum levels
Available Cooling Models

General Comments on Cooling Models

Using Cooling Models in HACCP Plans/Food Safety Systems
Cooling Models and Product Safety: One Scenario



Food Safety and Inspection Service:

Hazards associated with 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
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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

Toxins release as bacteria make spores in the gut - causes diarrhea,
abdominal cramps, vomiting, and fever

llIness onset: 8 to 18 hours
High Infectious Dose: 10° CFU
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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



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: 6°C and 52° C (43°F and 126°F)
— C. botulinum growth limit: 10°C and 50 °C (50 °F and 122 °F)
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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) of C. perfringens within the
finished product
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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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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) AND SODIUM ERYTHORBATE OR ASCORBATE (i.e., > 250 ppm)
CONTAINING PRODUCTS ONLY

* Internal temperature:
— 130 -80 °F £ 5 hrs (optimum growth range)
— 80—-45°F<10hrs
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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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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
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Agency Policy Concerning C. perfringens and C. botulinum
Levels

e Based on modeling:

- 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 or other

supportable stabilization target (e.g., 2-log growth) and > 0.30 log
increase of C. botulinum, then product should be destroyed
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Agency Policy Concerning C. perfringens and C. botulinum Levels

 Based on modeling:

- If there is more than a 1 log growth of C. perfringens, N0 C. botulinum
growth (mean net growth < 0.30 log), less than 3.0-log growth of B.
cereus, and the establishment does not have support that spore levels
in the product are low, 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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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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Cooling Models Available

 Cooling Models currently available:
— ARS PMP 7.0 and PMP 8.0 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 Predictor Model
— Smith-Schaffner Model version #3
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Cooling Models

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

— http://portal.arserrc.gov/

— http://www.ifr.ac.uk/safety/growthpredictor/
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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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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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ARS PMP 7.0 & 8.0 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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ARS PMP 7.0 & 8.0 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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The PMIP C. perfringens Models

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

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

— These models are all considered validated for predicting
the growth of C. perfringens in cooked or heat-treated
uncured meat and poultry products
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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 23
[ 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
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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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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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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

= 26

€ Internet da v Hi0%m -




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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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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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 29
50 | 2350 0.000 0.20 1052 259 388.4
51 2400 0.000 0.20 1072 259 388.4
52 | &
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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
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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

31



Food Safety and Inspection Service:

Cooling Deviation

* Scenario:
 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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Cooling Deviation

 Scenario (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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Cooling Deviation

e Scenario (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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Cooling Deviation

e Scenario - 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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Cooling Deviation

e Scenario - 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’s performance standard/policy

* Plant may elect to microbiologically test or destroy affected
product instead of recooking the product
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THANK YOU! i,

DO YOU HAVE ANY
QUESTIONS?
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