Chapter 12: Pathogen Growth & Toxin Formation (Other than Clostridium botulinum)

as a Result of Time/Temperature Abuse (A Biological Hazard)

Hazard Analysis Worksheet

STEP #10: UNDERSTAND THE POTENTIAL
HAZARD.

Pathogen growth and toxin formation as a result of
time/temperature abuse of fish and fishery products
can cause consumer illness. This hazard is limited to
bacterial pathogens since human viral pathogens
(viruses) are not able to grow in food. Temperature
abuse occurs when product is allowed to remain at
temperatures favorable to pathogen growth for
sufficient time to result in unsafe levels of pathogens
or their toxins in the product. Table #A-1 (Appendix
4) provides guidance about the conditions under
which certain pathogens are able to grow. The
pathogens listed are those of greatest concern in fish
and fishery products.

Pathogens can enter the process on raw materials.
They can also be introduced into foods during
processing from the air, unclean hands, insanitary
utensils and equipment, unsafe water, and sewage,
and through cross contamination between raw and
cooked product.

» Strategies for controlling pathogen growth

There are a number of strategies for the control of
pathogens in fish and fishery products. They include:

* Managing the amount of time that food is exposed
to temperatures that are favorable for pathogen
growth and toxin production (covered in this chapter;
for Clostridium botulinum, in Chapter 13, and for
Staphylococcus aureus in hydrated batter mixes in
Chapter 15);

* Killing pathogens by cooking (covered in Chapter
16), pasteurizing (covered in Chapter 17), or retorting
(covered by the low acid canned foods regulations,

21 CFR 113);

¢ Controlling the amount of moisture that is available
for pathogen growth, water activity, in the product by
drying (covered in Chapter 14);

¢ Controlling the amount of moisture that is available
for pathogen growth, water activity, in the product by
formulation (covered in Chapter 13);

¢ Controlling the amount of salt or preservatives,
such as sodium nitrite, in the product (covered in
Chapter 13);

¢ Controlling the level of acidity, pH, in the product
(covered by the acidified foods regulations, 21 CFR
114 for shelf-stable products; and for refrigerated
acidified products in Chapter 13).

Note: The use of irradiation for fish or fishery products
has not been approved by FDA. Irradiated fish and
fishery products may not be distributed in the U.S.

* Managing time and temperature of exposure

The time/temperature combinations that will ensure
safety in your product are dependent upon a number
of factors, including:

* The types of pathogens that are expected to be
present and able to grow in your product. See
information contained in Step #11.

* The infective or toxic dose of these pathogens or
their toxins. The infective or toxic dose is the total
number of a pathogen, or the total amount of a toxin,
that is necessary to produce human illness. The dose
often varies considerably for a single pathogen based
on the health of the consumer and the virulence
(infective capability) of the particular strain of the
pathogen.

For many of the pathogens listed in Table #A-1

(Appendix 4) the infective dose is known or sus-
pected to be very low (from one to several hundred
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organisms). These include: Campylobacter jejuni,
Escherichia coli, Salmonella spp., Shigella spp., and
Yersinia enterocolitica. The infective dose for other
pathogens, such as Vibrio vulnificus, Vibrio
parahaemolyticus and Listeria monocytogenes is not
known. In the case of both of these categories of
pathogens it is advisable to prevent any significant
growth. Stated another way, product temperatures
should be maintained below the minimum growth
temperature for the pathogen or should not be
allowed to exceed that temperature for longer than
the lag growth phase (i.e the slow growth phase
during which pathogens are acclimating to their
environment) of the pathogen at those temperatures.

Still other pathogens (e.g. Vibrio cholerae) require
large numbers in order to cause disease or require
large numbers in order to produce toxin (e.g. Staphy-
lococcus aureus, Clostridium perfringens, Bacillus
cereus). The infective dose of Vibrio cholerae is
suspected to be 1,000,000 total cells. S. aureus toxin
does not normally reach levels that will cause food
poisoning until the numbers of the pathogen reach
100,000 to 1,000,000/gram. Clostridium perfringens
does not produce toxin in the human gut unless at
least 100,000,000 total bacteria are consumed.
Limited growth of these pathogens may not compro-
mise the safety of the product. However, time/
temperature controls must be adequate to prevent
growth before the stage of the infective or toxic dose
is reached. For example, the prudent processor will
design controls to ensure that the numbers of S.
aureus do not exceed 10,000/gram.

* The numbers of these pathogens that are likely to
be present. This is highly dependent upon the quality
of the harvest water, how the raw material was
handled before it was delivered to your plant, and the
effectiveness of your sanitation control program. As
a practical matter, the initial number of pathogens is
of limited importance when you calculate critical
limits for pathogens that have a low infective dose.
Therefore, you will be designing a critical limit that
prevents any significant growth.

On the other hand, for those pathogens that have a
relatively high infective dose, the initial number of
pathogens may be significant.

STEP #11: DETERMINE IF THIS
POTENTIAL HAZARD IS SIGNIFICANT.

At each processing step, determine whether “patho-
gen growth and toxin production as a result of time/
temperature abuse” is a significant hazard. The
criteria are:

1. Is it reasonably likely that unsafe levels of pathogens
will be introduced at this processing step (do unsafe
levels come in with the raw material or will the process
introduce them)?

It is reasonable to assume that pathogens of various
types, including those listed in Table #A-1 (Appendix
4), will be present on raw fish and fishery products
and non-fishery ingredients. They may only be
present at low levels or only sporadically, but even
such occurrences warrant consideration because of
the potential for growth and toxin production.

Pathogens also may be introduced during processing,
even after cooking (as described in Step #10). Well
designed sanitation programs (prerequisite programs)
will minimize the introduction of pathogens. How-
ever, in most cases it is not reasonable to assume that
they will fully prevent the introduction of pathogens.
For this reason, controls should be in place to mini-
mize the risk of pathogen growth after the cook step.

2. Is it reasonably likely that pathogens will grow to
unsafe levels and/or produce toxin at this processing
step?

In order to answer this question you must first
determine which of those pathogens that are reason-
ably likely to be present in your product would be
able to grow if proper time/temperature controls are
not maintained. Consider:

* the moisture available to support pathogen growth
in the product (water activity);

* the amount of salt and preservatives in the product;

* the acidity (pH) of the product;

* the availability of oxygen (aerobic vs anaerobic) in
the product;

* the presence of competing spoilage organisms in
the food.
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Table #A-1 (Appendix 4) provides guidance on some
conditions of a food that limit the growth of those
pathogens that are most relevant to fish and fishery
products. This table can help you to decide if a
particular pathogen will grow in your food if it is
temperature abused.

Certain pathogens grow well in temperature abused
raw fish (e.g. raw molluscan shellfish) and others
do not. Those which grow well in temperature
abused raw fish include: Vibrio vulnificus, Vibrio
parahaemolyticus, Vibrio cholerae, and Listeria
monocytogenes. Those which ordinarily do not grow
well, because they compete poorly with the normal
spoilage bacteria, include: Campylobacter jejuni,
pathogenic strain of Escherichia coli, Salmonella
spp., Shigella spp., Staphylococcus aureus, and
Yersinia enterocolitica.

Most will grow well in temperature abused cooked
fish if their growth is not controlled by means such as
drying, salting, or acidification because competing
bacteria are destroyed by the cooking process.

Others may grow if the natural condition of the raw
fish is changed, such as through salting or reduced
oxygen packaging.

Remember that you should consider the potential for
time/temperature abuse in the absence of controls.
You may already have controls in your process that
minimize the potential for time/temperature abuse
that could result in unsafe levels of pathogens or
toxins. This and the following steps will help you
determine whether those or other controls should be
included in your HACCP plan.

Time/temperature abuse that occurs at successive
processing steps (including storage steps) may be
sufficient to result in unsafe levels of pathogens or
toxins, even when abuse at one step alone would not
result in such levels. For this reason, you should
consider the cumulative effect of time/temperature
abuse during the entire process. Table #A-2 (Appen-
dix 4) provides guidance about the kinds of time/
temperature abuse that may cause a product to be
unsafe.

In summary, under ordinary circumstances (e.g.
without data to the contrary) you should consider that
it is reasonably likely that a pathogen in Table #A-1
(Appendix 4) will grow to an unsafe level or produce
toxin in your product at a particular processing step if
all of the following conditions are met:

* It is reasonably likely to be present (see question 1,
above);

¢ It is not inhibited by a condition of the food (see
Table A-1 [Appendix 4]);

e If your product is raw fish (e.g. raw molluscan
shellfish): it will grow in temperature abused raw
fish (see information in this question, above);

* It is reasonably likely that, in the absence of
controls, cumulative time/temperature abuse
conditions such as those described in Table #A-2
(Appendix 4) could occur, and the processing step
could contribute significantly to that cumulative
abuse.

3.Can the growth to unsafe levels and/or toxin produc-
tion of pathogens, which is reasonably likely to occur,
be eliminated or reduced to an acceptable level at this
processing step¢ (Note: If you are not certain of the
answer to this question at this time, you may answer
“No.” However, you may need to change this answer
when you assign critical control points in Step #12.)

“Pathogen growth and toxin formation as a result of
time/temperature abuse” should also be considered a
significant hazard at any processing step where a
preventive measure is, or can be, used to eliminate (or
reduce the likelihood of occurrence to an acceptable
level) the hazard, if it reasonably likely to occur.

Step #10 discusses a number of pathogen control
strategies. This section covers control of pathogen
growth and toxin production that occurs as a result of
time/temperature abuse. Preventive measures for
such growth can include:

* Maintaining product under refrigeration and
controlling refrigeration temperatures;

* Proper icing;

¢ Controlling the amount of time that product is
exposed to temperatures that would permit
pathogen growth and/or toxin production;
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* Rapidly cooling fish;

» Making sure that the temperature of incoming
microbiologically sensitive (e.g. raw and cooked
ready-to-eat fishery products) was properly
controlled during transportation.

List such preventive measures in Column 5 of the
Hazard Analysis Worksheet at the appropriate
processing step(s).

If the answer to either question 1, 2 or 3 is “Yes” the
potential hazard is significant at that step in the
process and you should answer “Yes” in Column 3 of
the Hazard Analysis Worksheet. If none of the
criteria is met you should answer “No.” You should
record the reason for your “Yes” or “No” answer in
Column 4. You need not complete Steps #12 through
18 for this hazard for those processing steps where
you have recorded a “No.”

It is important to note that identifying this hazard as
significant at a processing step does not mean that it
must be controlled at that processing step. The next
step will help you determine where in the process the
critical control point is located.

* Intended use

In determining whether a hazard is significant you
should also consider the intended use of the product,
which you developed in Step #4. FDA is not aware
of any HACCP controls that may exist internationally
for the control of pathogens in fish and fishery
products that are intended to be fully cooked by the
consumer or end user before consumption, other than
a rigorous sanitation regime as part of either a
prerequisite program or as part of HACCP itself. The
Seafood HACCP Regulation requires such a regime.
The proper application of sanitation controls is
essential because of the likelihood that any pathogens
that may be present in seafood products are intro-
duced through poor handling practices (e.g. by the
aquacultural producer, the fisherman, or the processor).

FDA is interested in information regarding any

HACCP controls beyond sanitation that may be both
necessary and practical for the control of pathogens
in fish and fishery products that are intended to be
fully cooked by the consumer or end user before
consumption. However, the agency makes no
recommendations in this Guide and has no specific
expectations with regard to such controls in proces-
sors’ HACCP plans. The agency plans to develop
Good Manufacturing Practice guidelines for harvest
vessels and for aquaculture, in an effort to minimize
the likelihood that these operations will contribute
pathogens to fish and fishery products.

If your product is intended to be fully cooked by the
consumer or end user before consumption, you
should enter “No” in Column 3 of the Hazard
Analysis Worksheet for each of the processing steps.
For each “No” entry briefly explain in Column 4 that
the hazard will be controlled by the consumer or end
user cook. In this case, you need not complete Steps
#12 through 18 for this hazard.

One exception to this general rule relates to the
formation of heat-stable toxins, such as that which is
produced by Staphylococcus aureus. The toxin
produced by S. aureus is not destroyed by cooking,
even retorting. Its formation should, therefore, be
prevented in all fish and fishery products. However,
as previously mentioned, S. aureus does not grow
well in raw fish, unless the growth of competing
spoilage organisms is inhibited (e.g., by salting or
vacuum packaging). Bacillus cereus also produces a
heat-stable toxin.
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STEP # 12: IDENTIFY THE CRITICAL
CONTROL POINTS (CCP).

For each processing step where “pathogen growth
and toxin formation as a result of time/temperature
abuse” is identified in Column 3 of the Hazard
Analysis Worksheet as a significant hazard, deter-
mine whether it is necessary to exercise control at
that step in order to control the hazard. Figure #A-2
(Appendix 3) is a CCP decision tree that can be used
to aid you in your determination.

The following guidance will also assist you in
determining whether a processing step is a CCP for
this hazard:

Is there a cook step, a pasteurization step, or a
retorting step later in your manufacturing process?

1. If there is, you may in most cases identify the cook
step, pasteurization step, or retorting step as the CCP.
Processing steps prior o cooking, pasteurization, or

retorting will then not usually need to be identified as
CCPs for this hazard.

Example:

A cooked shrimp processor could set the critical
control point for “pathogen growth and toxin forma-
tion as a result of time/temperature abuse” at the
cook step, and would not need to identify each of the
processing steps prior to cooking as critical control
points.

Guidance for this pathogen control strategy (e.g. heat
treatment) is contained in: Chapter 16 (cooking);
Chapter 17 (pasteurization); and, the Low Acid
Canned Foods Regulations, 21 CFR 113 (retorting).

There are two important limitations to this strategy.
One is that the cooking, pasteurizing, or retorting
process must be sufficient to eliminate the pathogens
of concern. If it is not, time/temperature control may
still be necessary at the processing steps at which
growth may occur.

The other limitation is that certain toxins (e.g.
Staphylococcus aureus and Bacillus cereus toxins)
are heat stable. Heat treatment, including retorting,
may not be adequate to eliminate the toxin once it is
formed. In this case time/temperature control may be
necessary at the processing steps at which growth
and toxin production may occur.

2. If there is no cook step, pasteurization step, or
retorting step later in the process, then it may be
necessary fo identify each processing step at which you
have identified this hazard as significant as a critical
control point for the hazard. Exposure of the product
to temperatures that will permit growth and/or toxin
formation should be controlled at these steps.

Example:

A crab meat processor identifies a series of post-cook
processing and storage steps (e.g. backing, picking,
packing, and refrigerated storage) as presenting a
reasonable likelihood of pathogen growth and toxin
formation. The processor does not subject the
product to a final pasteurization process and ac-
knowledges that it may be consumed without further
cooking. The processor controls temperature during
refrigerated storage, and time of exposure to
unrefrigerated conditions during the processing
steps. The processor identifies each of the post-cook
processing and storage steps as CCPs for this
hazard.

In this case, you should enter “Yes” in Column 6 of
the Hazard Analysis Worksheet for each of those
processing steps. This control approach is referred to
as “Control Strategy Example 17 in Steps 14-18.

Note: Rather than identify each step as an individual
CCP when the controls are the same at those steps, it
may be more convenient to combine into one CCP
those steps that together contribute to cumulative
time/temperature exposure.

It is important to note that you may select a control
strategy that is different from that which is suggested
above, provided that it assures an equivalent degree
of safety of the product.
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Following is guidance on processing steps that are
likely to be identified as critical control points for
this hazard because time/temperature control is
necessary to control pathogen growth and/or toxin
production. The guidance is divided into two fin-
ished product types, because the hazard control
strategies differ. The two finished product types are
cooked, ready-to-eat and raw, ready-to-eat.

* Cooked, ready-to-eat

These products are cooked by the processor and may
be eaten with no further cooking by the consumer.
Examples include: cooked crab meat, lobster meat
and crayfish meat, surimi-based analog products,
seafood salads, and hot-smoked fish. Note that
smoked fish is also covered in Chapter 13.

Cooked, ready-to-eat products, especially fabricated
products, may develop pathogen hazards as a result
of cross contamination and growth. Contributing
factors to this risk are manual handling steps, mul-
tiple ingredients, room temperature processing, and
multiple cooling steps. Cumulative exposure to
temperature abuse after the cook step must be taken
into consideration.

A final pasteurization step (e.g. pasteurized
crabmeat) or retorting step (e.g. canned, hot-smoked
salmon) may make identification of critical control
points at prior processing steps unnecessary for most
pathogens. However, neither pasteurization nor
retorting is sufficient to inactivate Staphylococcus
aureus toxin. Bacillus cereus also produces a heat-
stable toxin. For this hazard you should consider the
possibility that the toxin will be produced before the
final heat treatment, and control toxin formation, if
necessary.

In some cases cooked, ready-to-eat ingredients, such
as lobster meat, pasteurized crabmeat, smoked fish,
and surimi-based analog products, are received for
storage, or assembly into a product that will not
receive further cooking by the processor, such as a
seafood salad. In these cases, the ingredient receiv-
ing and storage steps may also require time/tempera-
ture controls and be designated as CCPs (unless the
ingredient is received and stored frozen). If these

ingredients are to be used in a product that will be
heated sufficient to kill any pathogens that may be
present, these processing steps may not need to be
designated as CCPs. However, in making this
determination, you should consider the potential for
Staphylococcus aureus or Bacillus cereus toxin
formation. Remember that these toxins are not likely
to be inactivated by heat.

Time/temperature controls may be required at the
following steps (CCPs):

* Receiving;
* Cooling after cooking;
* Processing after cooking, such as:
- Slicing hot-smoked salmon;
- Mixing seafood salad,;
- Picking crabmeat;
* Packaging;
¢ In-process and finished product refrigerated
(not frozen) storage.

Time/temperature controls will usually not be needed
at processing steps that meet the following conditions:

* Continuous, mechanical processing steps that are
brief, such as:

- Mechanical size grading of cooked shrimp;

- Mechanical forming of surimi-based analog
products;

- Individual quick freezing;

* Processing steps that are brief and unlikely to
contribute significantly to the cumulative time/
temperature exposure to unrefrigerated conditions,
such as:

- Date code stamping;
- Case packing;

* Processing steps where the product is held in a

frozen state, such as:

- Glazing;

- Assembly of orders for distribution;
- Frozen product storage;

* Processing steps where the product is held at
temperatures above 140°F, such as:
- Initial stage of cooling;

- Hot holding.
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In the processing of many food products, especially
products that contain meat or rice, rapid cooling after
cooking is important to the safety of the product.
This is the case for two reasons. First, spore-forming
pathogens, such as Clostridium perfringens and
Bacillus cereus, may survive the cooking process and
grow and/or produce toxin in the product during
cooling and subsequent handling. In fact, the heat
from the cooking process may actually initiate
growth of the surviving spores. Second, the cooked
product may be recontaminated with pathogens after
cooking. Because the normally-occurring spoilage
organisms are no longer present to compete with the
pathogens in cooked product, rapid growth and toxin
formation by the pathogens may be possible.

In deciding whether the cooling step after cooking is
significant in your product, consider the following.
Some cooking processes, such as the retort cooking
of blue crabs (typical of the East coast processing
technique) may be adequate to kill even the spores of
C. perfringens and B. cereus. In some processes
cooling is performed: 1) before any significant
handling of the cooked product; and 2) in the same
container in which the product was cooked. Again,
this technique is typical of East coast retort process-
ing of blue crab. Under these conditions cooling
after cooking may not need to be identified as a
critical control point for this hazard. However, such
a determination is dependent upon strict adherence to
good sanitation practices, to further minimize the risk
of recontamination with pathogens.

When significant handling occurs before or during
the cooling process, when the cooked product comes
into contact with equipment that was not heated
along with the product, or when the cooking process
is not adequate to kill the spores of C. perfringens
and B. cereus, cooling after cooking may need to be
identified as a critical control point for this hazard.

* Raw, ready-to-eat

These products are not heated during processing to a
temperature that will kill pathogens. They are often
consumed without cooking. Examples include: cold-
smoked fish and raw oysters, clams, and mussels.

Like cooked, ready-to-eat products, raw ready-to-eat
products may develop pathogen hazards as a result of
cross contamination and growth. They may also
contain pathogens that were present in the raw
material, and which are capable of growth in the
finished product. For example, oysters harvested
during the warm weather months may contain Vibrio
vulnificus or Vibrio parahaemolyticus, bacterial
pathogens which are capable of growth in the raw
product.

Time/temperature controls may be required at the
following processing steps (CCPs):

* Receiving;

* Processing, such as:
- Shucking;
- Portioning;

* Packaging;

* Raw material, in-process, and finished
product storage.

Time/temperature controls will usually not be needed
at processing steps that meet the following condi-
tions:

¢ Continuous, mechanical processing steps that are
brief, such as mechanical filleting;

* Processing steps that are brief and unlikely to
contribute significantly to the cumulative time/
temperature exposure to unrefrigerated conditions,
such as:

- Date code stamping;
- Case packing;

* Processing steps where the product is held in a
frozen state, such as:

- Assembly of orders for distribution;
- Frozen storage.

Proceed to Step #13 (Chapter 2) or to Step #10 of the
next potential hazard.
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HACCP Plan Form
STEP #14: SET THE CRITICAL LIMITS (CL).

For each processing step where “pathogen growth
and toxin formation as a result of time/temperature
abuse” is identified as a significant hazard on the
HACCP Plan Form identify the maximum or mini-
mum value to which a feature of the process must be
controlled in order to control the hazard.

You should set the CL at the point that if not met the
safety of the product may be questionable. If you set
a more restrictive CL you could, as a result, be
required to take corrective action when no safety
concern actually exists. On the other hand, if you set
a CL that is too loose you could, as a result, allow
unsafe product to reach the consumer.

As a practical matter it may be advisable to set an
operating limit that is more restrictive than the CL.
In this way you can adjust the process when the
operating limit is triggered, but before a triggering of
the CL would require you to take corrective action.
You should set operating limits based on your
experience with the variability of your operation and
with the closeness of typical operating values to the CL.

Following is some general guidance on setting
critical limits for the control strategy example
discussed in Step #12. More specific guidance
follows.

* CONTROL STRATEGY EXAMPLE 1 -
TIME/TEMPERATURE CONTROL

Critical Limit: A combination of product internal
temperatures and times that will prevent growth
of target pathogens to unsafe levels and/or will
prevent toxin formation;

AND/OR
A combination of ambient (e.g. air, water,
or brine) temperatures and times of exposure that
will prevent growth of target pathogens to unsafe
levels and/or will prevent toxin formation;

AND/OR
The presence of sufficient cooling media to
achieve either of the above purposes (e.g.
adequate ice to completely surround the
product);

AND/OR
Limits for critical aspects of the process that
affect the rate of cooling, as established by a
cooling rate study (e.g. volume or size of product
being cooled).

Refer to the data provided in Table #A-2 (Appendix
4) for assistance in establishing appropriate cumula-
tive time/temperature exposure critical limits for the
pathogens that are significant hazards in your prod-
uct. The critical limits described are intended to keep
the pathogens from reaching the rapid growth phase
(i.e. keep them in the lag phase). In summary, the
table indicates that:

o If the product is held at internal temperatures above
70°F (21.1°C) during processing, exposure time
should ordinarily be limited to two hours (three hours
if Staphylococcus aureus is the only pathogen of
concern);

e If the product is held at internal temperatures above
50°F (10°C), but not above 70°F (21.1°C), exposure
time should ordinarily be limited to six hours (twelve
hours if Staphylococcus aureus is the only pathogen
of concern);

* If the product is held at internal temperatures both
above and below 70°F (21.1°C), exposure times
above 50°F (10°C) should ordinarily be limited to 4
hours, as long as no more than 2 of those hours are
above 70°F (21.1°C).

Keep in mind that pathogen growth is relatively slow
at temperatures below 70°F (21.1°C). In most cases
growth is very slow below 50°F (10°C), and 40°F
(4.4°C) is below the minimum growth temperature of
most pathogens, although there are some exceptions.
On the other hand, pathogens grow relatively fast at
temperatures above 70°F (21.1°C).
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FIGURE 12-1: Internal Temperature Profile — Blue Crabmeat Processing
Partial Cooling Only After Cook With Significant Handling Before Full Cooling
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FIGURE 12-2: Internal Temperature Profile — Blue Crabmeat Processing
Cooling After Cook in Original Container With No Significant Handling During Cooling
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The time/temperature relationships in the table are
designed to refer to the time that your product is held
at a particular internal product temperature. You may
need to study temperature fluctuations in your
product under normal operating conditions in order
to relate the values in the table to cumulative time or
exposure to unrefrigerated conditions. Drawing a
graph depicting the time/temperature profile through-
out your processing may help you in calculating the
cumulative time/temperature exposure of your
product. Figures 12-1 and 12-2 are examples of
time/temperature profiles for crabmeat processing.
Remember that the values provided in Table

A-2 (Appendix 4) are cumulative exposure through-
out processing.

For product-specific calculations you may choose to
use predictive microbiology models, such as the
U.S.D.A. Pathogen Modeling Program (PMP) or the
United Kingdom’s Food MicroModel (FMM).
However, validating the reliability of predictions
from such models for your food is essential.

Finished product storage critical limits should be
based on the minimum growth temperatures of the
pathogens of concern. You should establish a maxi-
mum storage temperature that will control pathogen
growth and toxin formation throughout the shelf life
of your product. It is not always necessary or
practical to establish a maximum storage temperature
that is below the minimum growth temperature of all
of the pathogens of concern. A maximum storage
temperature of 40°F (4.4°C) is often selected and is
generally safe for most refrigerated, microbiologi-
cally sensitive products. However, where refrigera-
tion is necessary to control the growth of
nonproteolytic Clostridium botulinum, a maximum
storage temperature of 38°F (3.3°C) is usually
appropriate (see Chapter 13 for additional informa-
tion). You should consider the same factors when
you set critical limits for raw material and in-process
refrigerated product storage.

Cooked, ready-to-eat products provide an additional
complication. Survival of most pathogens through a
cook step is unlikely if proper controls are used (see
Chapter 16). Therefore, cooling after cooking that
occurs before the product receives any further

significant handling, or contacts any processing
equipment that was not heated along with the prod-
uct, need not be considered as part of the cumulative
time/temperature exposure. It is advisable to fully
cool product before it is further handled, in order to
minimize pathogen growth and toxin formation.
However, if significant handling does take place
before cooling is completed, the cumulative time/
temperature exposure to unrefrigerated conditions
(described earlier) should be calculated from the time
that the product is first handled after cooking.

If you identified cooling after cooking as a critical
control point for this hazard in Step #13 (e.g.,
because of the potential for Clostridium perfringens
or Bacillus cereus growth or toxin formation, the
product should generally be cooled from 140°F
(60°C) to 70°F (21.1°C) or below within two hours
and to 40°F (4.4°C) or below within another four
hours. The cooling rate critical limit is separate from
the cumulative time/temperature critical limit de-
scribed earlier.

Based on the type of monitoring that will be per-
formed, it may be more convenient to state critical
limits as a maximum time, a maximum temperature,
or a combination of time and temperature. Generally,
a critical limit that combines time and temperature is
superior because it more closely approximates the
actual growth characteristics of pathogens. If a
critical limit references a temperature only, the
temperature should ordinarily be at or near the
minimum growth temperature of the target pathogen.
If the critical limit references a time only, the time
should ordinarily represent a safe exposure time for
the target pathogen under the worst conditions that
are reasonably likely to occur (i.e. nearest its opti-
mum growth temperature).

Example:

A crab meat processor (retort process) identifies a
series of post-cook processing and storage steps (e.g.
backing, picking, packing, and refrigerated storage)
as critical control points for pathogen growth and
toxin formation. The product is packaged in a plastic
container with a snap lid (aerobic). This minimizes
the risk of Clostridium botulinum and Clostridium
perfringens growth. However, the potential exists for
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the other pathogens listed in Table #A-1 (Appendix 4)
to be present and to grow, because neither the water
activity, acidity, or salt content of the food will inhibit
them. Initial cooling takes place in the cooking
crates. The product may not be fully cooled before
handling. The processor sets the following critical
limits:

* For the finished product cooler: a maximum cooler
temperature of 40° F (4.4° C);

o For backing, picking, and packing: a maximum
cumulative time of 2 hours at product internal
temperatures above 50°F (10°C), starting when the
cooked crabs are first handled. Alternatively, the
processor could set a critical limit of no more than 4
hours at product internal temperatures above 50°F
(10°C), no more than 2 of which are above 70°F
(21.1°). These limits are necessary because the crabs
are handled while still warm (e.g. above 70°F
[21.1°C]). Cooling that takes place after the product
is handled is included in the limit.

Example:

Another crab meat processor also identifies a series
of post-cook processing and storage steps (e.g.
backing, picking, packing, and refrigerated storage)
as critical control points. The product is packaged in
the same way. However, this product is cooled fully
before handling and ice is used on the product during
processing to control time/temperature abuse. The
processor sets the following critical limits:

* For the finished product cooler: sufficient ice to
fully cover the containers at all times;

e For backing, picking, and packing: a maximum
product temperature of 50° F (10° C) at all times.
Specifying a time of exposure is not necessary in this
case, because it is not reasonably likely that the
product would be held long enough that significant
pathogen growth could occur at this temperature
(e.g. 2 to 21 days) depending upon the pathogen.

Enter the critical limit(s) in Column 3 of the HACCP
Plan Form.

STEP #15: ESTABLISH MONITORING
PROCEDURES.

For each processing step where “pathogen growth
and toxin formation as a result of time/temperature
abuse” is identified as a significant hazard on the
HACCP Plan Form, describe monitoring procedures
that will ensure that the critical limits are consistently
met.

To fully describe your monitoring program you
should answer four questions: 1) What will be
monitored? 2) How will it be monitored? 3) How
often will it be monitored (frequency)? 4) Who will
perform the monitoring?

It is important for you to keep in mind that the
feature of the process that you monitor and the
method of monitoring should enable you to deter-
mine whether the CL is being met. That is, the
monitoring process should directly measure the
feature for which you have established a CL.

You should monitor often enough so that the normal
variability in the values you are measuring will be
detected. This is especially true if these values are
typically close to the CL. Additionally, the greater
the time span between measurements the more
product you are putting at risk should a measurement
show that a CL has been violated.

Following is guidance on establishing monitoring
procedures for the control strategy example discussed
in Step #12. Note that the monitoring frequencies
that are provided are intended to be considered as
minimum recommendations, and may not be ad-
equate in all cases.

Continued
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What Will Be Monitored?

» CONTROL STRATEGY EXAMPLE 1 -
TIME/TEMPERATURE CONTROL

For receiving of refrigerated (not frozen) cooked,
ready-to-eat or raw, ready-to-eat fishery products
to be stored, or processed without further cooking:

What: The internal temperature of the fishery
product throughout transportation;
OR
The temperature of the truck or other carrier
throughout transportation;
OR
For fishery products with a transit time of four
hours or less: The internal temperature of a
representative number of containers in the lot at
time of delivery;
OR
The adequacy of ice or chemical cooling media
at time of delivery.

For raw material, in-process, or finished product
refrigerated storage or for refrigerated processing:

What: The temperature of the cooler or refrigerated
processing area.

For raw material, in-process, or finished product
storage under ice or chemical cooling media:

What: The adequacy of ice or chemical cooling media.
For cooling after cooking:

What: The internal temperature of the product, and
the length of time between the end of the cook
(or the time that the product internal temperature
fell below 140°F [60°C]) and the time that
measurement was made;

OR

The critical aspects of the process that affect the
rate of cooling, as established by a cooling rate
study (e.g. product internal temperature at the
start of cooling, cooler temperature, quantity of
ice, quantity or size of product being cooled).

For unrefrigerated processing and packaging:

What: The length of time of exposure of the product
to unrefrigerated conditions, and either the
internal temperature of the product or the
ambient temperature;

OR

The length of time of exposure of the product to
unrefrigerated conditions when the critical limit
assumes a temperature greater than 70°F
(21.1°C);

OR

The length of time of exposure of the product to
unrefrigerated conditions when a study
demonstrates that under ordinary conditions
product does not exceed 70°F (21.1°C) when
exposed for the length of time specified by the
critical limits and that time/temperature
combination is adequate to control the growth of
the pathogens of concern;

OR

The internal temperature of the product (where
temperatures are held below a temperature at
which growth is minimized [e.g. 50°F (10°C) for
Salmonella spp.] or held above 140°F [60°C]
during processing);

OR

The ambient air temperature (where ambient air
temperature is low enough to control microbial
growth [e.g. 50°F (10°C) for Salmonella spp.]).

How Will Monitoring Be Done?

» CONTROL STRATEGY EXAMPLE 1 -
TIME/TEMPERATURE CONTROL

For receiving of refrigerated (not frozen) cooked,
ready-to-eat or raw, ready-to-eat products to be
stored, or processed without further cooking:

How: Use a time/temperature integrator for product
internal temperature monitoring during transit;
OR
Use a maximum indicating thermometer for
ambient air temperature monitoring during
transit;
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OR

Use a digital time/temperature data logger for
product internal temperature or ambient air
temperature monitoring during transit;

OR

Use a recorder thermometer for ambient air
temperature monitoring during transit;

OR

Use a dial or digital thermometer for internal
product temperature monitoring at receipt;

OR

Make visual observations of the adequacy of ice
or other cooling media in a sufficient number of
containers to represent all of the product.

For raw material, in-process, or finished product
refrigerated storage or for refrigerated processing:

How: Use a digital time/temperature data logger;
OR
Use a recorder thermometer;
OR
Use a high temperature alarm with 24-hour
monitoring.

For raw material, in-process, or finished product
storage under ice or chemical cooling media:

How: Make visual observations of the adequacy of
ice or chemical cooling media in a sufficient
number of containers to represent all of the
product.

For cooling after cooking:

How: Use a dial or digital thermometer and visual
check on time of cooling;
OR
Use a digital time/temperature data logger;
OR
Use appropriate instruments (e.g. dial
thermometer, digital time/temperature data
logger) and/or visual observations as necessary
to measure the critical aspects of the process that
affect the rate of cooling, as established by a
cooling rate study.

Example:

A crayfish processor has identified cooling after the
cook step as a critical control point for pathogen
growth and toxin formation. The processor estab-
lished a cooling critical limit of no more than two
hours from 140° F (60° C) to 70°F (21.1° C) and no
more than four more hours from 70° F (21.1° C) to
40° F (4.4° C). The processor uses marked batches
of cooked product to monitor the cooling process.
The time that the marked batch is removed from the
cooker is monitored visually and the internal tem-
perature of the product in that batch two hours after
cooking and four more hours after cooking is moni-
tored with a dial thermometer.

Example:

Another crayfish processor has similarly identified
cooling as a critical control point and has estab-
lished the same critical limit. The processor uses a
digital time/temperature data logger to monitor the
cooling rate of the cooked product.

Example:

Another crayfish processor has similarly identified
cooling as a critical control point. This processor
has performed a cooling rate study that determined
that a cooling rate of no more than two hours from
140° F (60° C) to 70° F (21.1° C) and no more than
four more hours from 70° F (21.1° C) to 40° F

(4.4° C) can be achieved as long as certain condi-
tions are met in the cooling process. The study
determined that the following critical limits must be
met: a cooler temperature of no more than 60° F
(15.6° C) during the first two hours of cooling and no
more than 40° F (4.4° C) during the remainder of
cooling; and, no more than 1000 [bs of crayfish in the
cooler. The processor monitors the cooler tempera-
ture with a recorder thermometer and monitors the
weight of product at receiving with a scale.

For unrefrigerated processing and packaging:

How: Use a dial or digital thermometer for product or
ambient air temperature;

AND/OR
Make visual observations of length of exposure
to unrefrigerated conditions.

Continued
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Example:

A crab meat processor has identified a series of
processing steps (e.g. backing, picking, and packing)
as critical control points for pathogen growth. The
processor established a critical limit of no more than
two cumulative hours of exposure to unrefrigerated
temperature during these processing steps. The
processor uses marked product containers to monitor
the progress of the product through the three process-
ing steps. The time that the marked container is
removed from and returned to refrigeration is moni-
tored visually.

Example:

Another crabmeat processor with identical CCPs,
has established a more complex set of critical limits -
no more than two cumulative hours with product
internal temperatures above 70° F (21.1° C), and no
more than six cumulative hours with product internal
temperatures above 50° F (10° C). This processor
also uses marked containers to monitor the progress
of the product through the process. However, in
addition to monitoring time, the processor also
monitors product internal temperature for the marked
containers. This monitoring technique provides the
processor more flexibility in processing but requires
more monitoring effort.

Example:

Another crabmeat processor that fully cools the
product before handling has identified the same
CCPs. The processor has determined through study
that, under ordinary circumstances, in 3 1/2 hours of
exposure to ambient (room) temperature the product
will remain below 70°F (21.1°C). The processor has
set a critical limit of 3 1/2 hours out of refrigeration.
The processor monitors visually the time that picking
begins after each batch of crabs is brought into the
processing room and the time that the last of the
containers of crabmeat from this batch has been
placed on ice.

Example:

A lobster meat processor has identified the meat
removal process as a critical control point for
pathogen growth. The operation is performed under
near refrigeration conditions (50°F [10°C]). The
processor has determined that exposure time suffi-
cient to jeopardize the safety of the product at these
temperatures is not reasonably likely to occur. The
processor only monitors ambient air temperature
with a digital data logger.

How Often Will Monitoring Be Done
(Frequency)?

* CONTROL STRATEGY EXAMPLE 1 -
TIME/TEMPERATURE CONTROL

For receiving of refrigerated (not frozen) cooked,
ready-to-eat or raw, ready-to-eat products to be
stored, or processed without further cooking:

Frequency: Each shipment.

For raw material, in-process, or finished product
refrigerated storage or for refrigerated processing:

Frequency: Continuous monitoring by the instrument
itself, with visual check of the instrument at least
once per day.

For raw material, in-process, or finished product
storage under ice or chemical cooling media:

Frequency: At least twice per day;

OR
For finished product storage, at least immediately
prior to shipment.

For cooling after cooking:

Frequency: At least every two hours;
OR
For critical aspects of the cooling process, as often
as necessary to ensure control of the process.
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For unrefrigerated processing and packaging:

Frequency: At least every two hours;
OR
Each batch.

Who Will Perform the Monitoring??

* CONTROL STRATEGY EXAMPLE 1 -
TIME/TEMPERATURE CONTROL

Who: With recorder thermometers, time/temperature
integrators, high temperature alarms, maximum
indicating thermometers, and digital data loggers,
monitoring is performed by the equipment itself.
However, anytime that such instrumentation is
used, a visual check should be made at least once
per day in order to ensure that the critical limits
have consistently been met. These checks, as
well as dial thermometer checks, time of expo
sure checks, and adequacy of ice or other cooling
media checks may be performed by the receiving
employee, the equipment operator, a production
supervisor, a member of the quality control staff,
or any other person who has an understanding of
the process and the monitoring procedure.

Enter the “What,” “How,” “Frequency,” and “Who”
monitoring information in Columns 4, 5, 6, and 7,
respectively, of the HACCP Plan Form.

STEP #16: ESTABLISH CORRECTIVE
ACTION PROCEDURES.

For each processing step where “pathogen growth
and toxin formation as a result of time/temperature
abuse” is identified as a significant hazard on the
HACCP Plan Form, describe the procedures that you
will use when your monitoring indicates that the CL
has not been met.

These procedures should: 1) ensure that unsafe
product does not reach the consumer; and, 2) correct
the problem that caused the CL deviation. Remem-
ber that deviations from operating limits do not need
to result in formal corrective actions.

Following is guidance on establishing corrective
action procedures for the control strategy example
discussed in Step #12.

» CONTROL STRATEGY EXAMPLE 1 -
TIME/TEMPERATURE CONTROL

For receiving of refrigerated (not frozen) cooked,
ready-to-eat or raw, ready-to-eat products to be
stored, or processed without further cooking:

Corrective Action: Reject shipment, if the CL is
not met;

OR
Hold the product until it can be evaluated based
on its total time/temperature exposure;

AND
Discontinue use of supplier or carrier until
evidence is obtained that transportation practices
have changed.

Note: If an incoming lot that fails to meet a receiving
critical limit is mistakenly accepted, and the error 18
later detected, the following actions should be taken:
1) the lot and any products processed from that lot
should be destroyed, diverted to a nonfood use or to a
use in which the critical limit is not applicable, or
placed on hold until a food safety evaluation can be
completed; and 2) any products processed from that
lot that have already been distributed should be
recalled and subjected to the actions described above.

For other critical control points:

Corrective Action: Take one or several of the
following actions as necessary to regain control
over the operation after a CL deviation:

* Add ice to the affected product;

OR

* Make repairs or adjustments to the
malfunctioning cooler;

OR

* Move some or all of the product in the
malfunctioning cooler to another cooler;

OR

¢ Return the affected in-process product to the
cooler;

Continued

Chapter 12: Pathogens — Growth

159



OR

* Freeze the affected product;

OR

* Modify the process as needed to reduce the
time/temperature exposure;

AND

Take one of the following actions to product

involved in the critical limit deviation:

* Destroy the product;

OR

* Hold the product until it can be evaluated
based on its total time/temperature exposure;

OR

* Cook or recook the product. In this case,
special attention must be paid to the fact that
any Staphylococcus aureus or Bacillus cereus
toxin that may be present may not be
inactivated by heat;

OR

* Divert the product to a use in which the
critical limit is not applicable (e.g. divert
crabmeat to a stuffed flounder operation). In
this case, special attention must be paid to the
fact that any Staphylococcus aureus or Bacillus
cereus toxin that may be present may not be
inactivated by heat;

OR

* Divert the product to a non-food use.

Enter the corrective action procedures in Column 8 of
the HACCP Plan Form.

STEP #17: ESTABLISH A RECORDKEEPING
SYSTEM.

For each processing step where “pathogen growth
and toxin formation as a result of time/temperature
abuse” is identified as a significant hazard on the
HACCP Plan Form, list the records that will be used
to document the accomplishment of the monitoring
procedures discussed in Step #15. The records
should clearly demonstrate that the monitoring
procedures have been followed, and should contain
the actual values and observations obtained during
monitoring.

Following is guidance on establishing a
recordkeeping system for the control strategy ex-
ample discussed in Step #12.

» CONTROL STRATEGY EXAMPLE 1 -
TIME/TEMPERATURE CONTROL

For receiving of refrigerated (not frozen) cooked,
ready-to-eat or raw, ready-to-eat products to be
stored or processed without further cooking:

Records: Receiving record showing the results of
the time/temperature integrator checks;
OR
Printout from digital time/temperature data
logger;
OR
Recorder thermometer chart;
OR
Receiving record showing the results of the
maximum indicating thermometer checks;
OR
The results of internal product temperature
monitoring at receipt;
AND
The date and time of departure and arrival of the
vehicle;
OR
Receiving record showing the results of the ice
or other cooling media checks.

For raw material, in-process, or finished product
refrigerated storage or refrigerated processing:

Records: Printout from digital time/temperature
data logger;
OR
Recorder thermometer chart;
OR
Storage record showing the results of the high
temperature alarm checks.

For raw material, in-process, or finished product
storage under ice or chemical cooling media:

Records: Storage record showing the results of the
ice or other cooling media checks.
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For cooling after cooking:

Records: Processing record showing the results of
the time/temperature checks;

OR
Printout from digital time/temperature data
logger;
OR
Appropriate records (e.g. processing record
showing the results of the time and temperature
checks and/or volume of product in cooler,
printout from digital time/temperature data
logger) as necessary to document the monitoring
of the critical aspects of the process that affect
the rate of cooling, as established by a cooling
rate study.

For unrefrigerated processing and packaging:

Records: Processing records showing the results of
time and/or temperature checks;
OR
Printout from digital time/temperature data
logger.

Enter the names of the HACCP records in Column 9
of the HACCP Plan Form.

STEP #18: ESTABLISH VERIFICATION
PROCEDURES.

For each processing step where “pathogen growth
and toxin formation as a result of time/temperature
abuse” is identified as a significant hazard on the
HACCP Plan Form, establish verification procedures
that will ensure that the HACCP plan is: 1) adequate
to address the hazard; and, 2) consistently being
followed.

Following is guidance on establishing verification
procedures for the control strategy example discussed
in Step #12.

» CONTROL STRATEGY EXAMPLE 1 -
TIME/TEMPERATURE CONTROL

Verification: Review monitoring, corrective action,
and verification records within one week of
preparation;

AND
When digital time/temperature data loggers,
recorder thermometers, or high temperature
alarms are used for in-plant monitoring, check
for accuracy against a known accurate
thermometer (NIST-traceable) at least once
per day;

AND
When digital time/temperature data loggers or
recorder thermometers are used for monitoring of
transport conditions at receiving, check for
accuracy against a known accurate thermometer
(NIST-traceable). Verification should be
conducted on new suppliers’ vehicles and at least
quarterly for each supplier thereafter. Additional
verifications may be warranted based on
observations at receipt (e.g. refrigeration units
appear to be in poor repair, or readings appear to
be erroneous);

AND
When visual checks of ice or cooling media are
used to monitor the adequacy of coolant,
periodically measure internal temperatures of
fish to ensure that the ice or cooling media is
sufficient to maintain product temperatures at
40°F (4.4°C) or less;

AND
When dial or digital thermometers or maximum
indicating thermometers are used for monitoring,
check for accuracy against a known accurate
thermometer (NIST-traceable) when first used
and at least once per year thereafter. (Note:
optimal calibration frequency is dependent upon
the type, condition, and past performance of the
monitoring instrument. )

Enter the verification procedures in Column 10 of the
HACCP Plan Form.

Continued

Chapter 12: Pathogens — Growth

161



uoneredaid
JO Yoam auo
UIIA SPI0da
UOTROTLIOA
pue ‘uonoe
AA1)ALI0D
‘Sunojuow
MITATY o

tKep 1od 20u0

amsodxd

amjerodwa)

/ou) [e10) Uo

paseq ajen[ead
pue poy «

J0)WOULIAY)
prepuels € jsureSe 201 ppe Jo/pue Kep 1ad 19550]
103307 eIEp Jo mojund | Jaj000 ejeuIONe Jostazadns | @ou0 Yooup [ensia | vep amyeraduwa) amnjereduo 1,07 Mo[aq UOTJEWIO] UIX0) 10002
£3en908 Y031 103307 vIRQ 0] A0\ o uononpold | YA Snonunuoy) o [endiq 10[00) 10 2 PIUIRIUTRU JA[00D) pue yimoid uadoyieg qeIo payoeq
Suryorq
Suump 4,0, 210qe
amsodxa sarnjesadwd) [eusoyur
amjerodwo) T2 PO[pURY AT SqRId
/aw) [e10) Uo 3l 25N22aq AIessasou
uoneredaxd Paseq djeneAd ST ST, 120N
J0 oM QU0 pue pjoH o
UIGIM SpI0JQI Suryoeq SUONIPUOd Suryoed
UOIIE AN 13009 0} Suunp smoy om) SIOUIRIU0D pajeIafLyoun pue Suryoid ‘Funyoeq
pue Sunojmow anow 10 onpoid Josiazadns £1983 JoUTEIU0D payIeW Jo 07 amnsodya Suump owm dAR[UWND UOTJRULIO UIXO)
MAIAQY | pI0daI UONONpOI] | Q01 A[ojerpawiuy uononpoiq POYIRW JIB)S | UONEBAISO [ENSIA 1onpoid jo oury, "SI 7 UBY) 10U ON pue yimois uagoyseq Sunyoeg
ogM Kuanbaig MOH L1 7Y AINSBIJ
(s)uonpy AANUIAAIJ [IBI 10] (s)paezey (dDD) yurog
UOIBILIIA SPI093Y IAI)ILI0) Supiojtuopy ST [BINLL) JuRIJIUSIS [o1uo)) [edNL)
(oD (6) ® w © (© () (€ @ m

‘(syuswiSely [BIOW pue ‘SU00d Y3noiy) [BAIAINS uddoyjed ‘sjueurweiuod [Bd1WAY)) ‘3-9) sprezey [enusjod 1ayjo 1oy (¢ 10dey)))
¢-€ PUB ‘Z-€ ‘I-€ SO[qRL, 03 1o}y "1onpoid SIy) J0J SpIezey JUBdLIUSIS [BI9ASS JO QUO A[UO 9q ABW UONBULIOJ UIX0) pUe
moI3 uagoyieq "Afuo sesodind aanensnyr 10 papraoid st iy ‘[onuod amjerodwd)/ewiy, - | ojdwexyg A391eng [onuo)) Juisn
‘(poyrew Furssadoad Furfioq 3se0)) Jino jo [eo1dAy) JeawqeId anyq Jo 10ss2001d © 10§ asnqe arnyeradwal/ewn Jo Jnsal e se
UOnEeWwIO urxo} pue ymoi3 udsoyied Jo [onuod ayy 03 Sunear ueld JOHVH & Jo uoniod e jo djdwexa ue st 9[qe) Iy,

L UOISIDA - [044u0d duinypsadwaj/awi) - | ojdwpxz ABajp.ayg [044u0)

l-CL# 318V1

Chapter 12: Pathogens — Growth

162



uoneedaid
0 Yoom auo
UMM SPI0dAI
UONILLIOA amsodxa
pue ‘uorjoe amjeroduwo)
ATJORLI0) /auy 210} U0
‘Suriojuow paseq ajen[esd
MIATY o pue pjoy «
‘Kep Jod 2ou0
J0jaWOULIAY)
PIRpUEIS € JSurese 301 ppe Jo/pue Kep rod 10330]
10330] vIep Jo mojuud | 19000 AyeUIA[R sofordwa | oouo Yooy [ensia | ejep axnjeraduwe) amjesoduwo) 1.,0% Mo[q UOTJRULIOJ UIXO) 10[000
£oeInage Y0ay)) o 13850] ereq 0) MO uononpoig )4 SnONUNU0)) Joum [ensiq 131000 10 ¢ PaUEIUTEW JA[00)) pue ymod uaSoyjeq jonpoxd paystut]
amsodya
amjeradwa)
/ou) 2103 Uo
uoneredaxd paseq ajen[eAd
10 0am QU0 pue pjoy «
UIYHA SPIOJ2I Suryord Surnp SUONIPUOd Suryoed
UOTJO® AATJORLI0D 10[000 0} sInoy oA} £19A3 SIOUTEIU0D pajeradujomun pue ‘Suryoid ‘Suryoeq
pue Surojuow anow Jo jonpoid Jos1azadns “xdde sourejuod payIew jo 0y aisodya Suump awy Ang[NWND UOTJEWIO] UIX0)
MIIAQY | pIOJAI UOMONpOIJ | Q01 AJajerpouiuy uonoNpOIg DaYIEUI J1e)S | UONBAIISQO [eNSIA Jonpoxd jo auny, “SI 7 UL QI0W ON pue yimois uadoyseg Suryoeq
amnsodxa
ameradwa)
Jou) 210} UO
uoneedaid paseq ajenead
JO oo auo pue pjoy «
UIGIM SPI0JAL Suryord Surnp SUONIPUOd Suryoed
UOTJOB JAIIRLI0D 13[000 0) SIOY 0M) K149 SIQUIRIU0D pajeradujomn pue ‘Sunyord ‘Guryoeq
pue Sutiojuow arow 10 jonpoxd Jostazadns “xdde 1ourejuoo payrew Jo 0) amsodxa Suump awm dAnE[AWND UOIRULIO] UIX0)
MAIAQY | PIOdAI UONINPOIJ | 01 A[ajeIpawuu] uononpoig PaYIRW Je)S | UORAISQO [eNSIA 1onpoid jo duny, “SI 7 UBL AI0W ON pue yimoid uagoyieg Funyorg
[y £uanbaxg MOH 1eYM 2INSBIJ
(s)uondy AANUIAAIJ oL 10 (s)paezey (dDD) yurog
UOIBILIIA Sp1033Y IAIILI0) Sunioyuopy Sy eI JuRIIUSIS [0)u0) [BINL)
(oD (6) @® (3} ) © () (©) @ m

panuyuod ‘|-z | # 319V

Chapter 12: Pathogens — Growth

163



uoneredaid

JO yoam auo
I SPI0JAI
UONEIILIOA
pue ‘uonoe
EIVRRINGRS fep 1od 200 19350] pajerdwos Surjood
‘SuLoyuow mojuud Josiazadns Yooy [ensia | eiep myeradua) amjeroduwo) I0)Je J (O MO[oq 1O
MIIATY o 10330] BIR( o aues o UONANPOIJ o | UIAL SRONULUOY) o Jour) [ensiq o 10[00)) 1e POUTBIUEW JA[00))
£ep 10d 200 12132 $NjjIG 10
PIRpUT)S © JSurede amsodxa suadurtfiad wmipliso])
IojoUOWLIAY) ammyeaduwa) 10 sazods o Ty
[eNgip jo /ouy [e10} U0 0) ajenbape st doys Y002
£orInooe Yoy o Paseq den[ead U Jey) PaYSIIqeIsa Jou
pue pjoy « sey 10ss2001d ay dsneoaq
tKep 1ad QU0 days sy Je Kressasau
10Oy} 201 ppe Junjooo Sutinp SqE10 Payood "SI Q10w SI [01U0)) 120N
pIepuv)s ¢ JsureSe 10/pUE 13[000 S0y 0M) £1049 J0 sayajeq amjeroduoy $UL0F 01 4,01 PUe
10330] vIEp Jo 10931 QRUIA[E 0} PRO| Josiazadns “xoxdde yoreq payIew ul [euzoyur SIY 7 UL 0 4,001 UOYJEWLIO UIXO0) 10[002
£ormnooe Yoy o uononpoI{ o Jo ed QAOJ o uonanpoI{ o POYIRW 1IBS o | JORRUWOWIAY) [ei( o qe10 payoo)) o woIj Pojood Sqe1) o pue yimod uadoyeg qe10 payoo))
oYM Kduanbaa g MOH 1eYM ammseagy
(s)uondy AAIJUAAIJ [IBD 10) (S)prezey (dDD) yurog
UOIBILIIA SPI093Y IAI)IILI0) Surtoyuopy ST [BINLL) JuRIJIUSIS [o1uo)) [edNL)
(o) (6) ® L ) (© () (€ @ m

‘(syudwSely [BIOW puk ‘SUR00d Y3noIy) [BAIAINS udgoyjed ‘sjueuIweiuod [eoNUAyd ‘3-9) spiezey renudjod 1oyjo 10§

(¢ 1@deyD) ¢-¢€ pue ‘z-¢ ‘1-¢ SO[qeL, 03 Jojay “1onpoid S1y) J0J SpILZEy JUBIIUSIS [BIIAJS JO QUO A[UO 99 ABW UONBULIOJ UIX0) PUB
moI3 uagoyieq “Aquo sasodind aanensnyyr 1oy papraoid st Jonuod amyeradwaleuil], - | ojdwexy £391eng [0nuo)) Jursn
‘(poyrour Furssadsoid 110301 1580 Isey Y Jo [ea1dAY) JeawqeId anjq Jo 10ssad01d € 10J 9snqe aanjeradura)/owin Jo sl e se
UOnEeWwIO urxo} pue ymoi3 udsoyied Jo [onuod ayy 03 Sunear ueld JOHVH & Jo uoniod e jo djdwexa ue st 9[qe) Iy,

T UOISI3A - [044u0d aunjpaadwoy/awi) - | ajdwpxy ABaypayg |ouo)

¢-Cl# 319Vl

Chapter 12: Pathogens — Growth

164



amsodxd

uoneredaid Jo ameraduiay
Y0aM U0 UIIA /ou) [e10) U0
SPI00I UONIL Paseq ojen[eAd
AATIOATI0D pue oy « Surddmys a1050q 901 YIIM Papunoxns
pue Juuiojuout sofodura A[arerpatuur £[aerdwoo siourejuod UOIJBULIOJ UIX0) ENAGN
MAIATY o p10dar Suiddiyg 013y Suddiyg 35RO OBy | UONEAIASQO [BNSIA 901 Jo Aoenbapy 1onpoid paystuLy pue yimois uagoypeq Jonpoid paystuL]
201 U0 payoed
STYOYeq A amnjerodw) Juaiquie
oIy JeauqeId 0} arnsodxa smoy
Surssaoord JO Jourejuod U1 € UL L,(L PARoxa
Suump jonpoxd 18] U Jey) awn Jou s30p Jonpoid ay)
Jo oqyoxd aofoduwa JO UOTRAIISO ‘SQ0UBISWNOILD AIRUIPIO
amyesaduwey 10931 Suryorq o woo! Juryoeq yoreq K19A7 o [EnSIA 13pUN “jey) SARISUOUP
Sumoys Apmg o amsodxa Jey) £pnys © uo paseq
amjerodwo) woor Sunyord ST [BONLI ST, 310N
uoneredard /au) (210} U0 ayy ojut Jy3noiq
10 yoam Paseq djeneAd ST Jey) SqeI0 (wooz uryord ur pajpuey
U0 UM pue pjoH o Y009 JO yojeq 1SIIJ QIE SQBID PAyood
SpI0J1 UOT)® o3 Joj su1daq suonipuod | uaym Suruuidaq) Suryoed
AA1I2LI0D 1onpoid Suryord ey sum pajeIafLyaun pue ‘Suruoq ‘Suryord
pue Sutiojuow p102a1 ) Az} Josiazadns JO UOnRAIdSqO 07 amsodya Suump owm dAnR[AUWND UOTJRULIO UIXO) Sunyoed
MIATY o qe10 Payoo)) o 10 OZUNAISE] o wool Ul o oreq A10AT o [ensIA o jonpod Jo ownry, | simoy g/ ¢ Uey) ajow oN pue yimoid uagoyeq /3uruoq/3uryord
oYM Kduanbarg MOH JeYM anseapy
(s)uondy AANUIAAIJ oL 10 (s)paezey (dDD) yurog
UOIBILIIA Sp1033Y IAIILI0) Sunioyuopy Sy eI JuRIIUSIS [0)u0) [BINL)
(oD (6) @® (3} ) © () (©) @ m

panuyuod ‘z-z | # 319V1

Pathogens — Growth

Chapter 12

165



Notes:

Chapter 12: Pathogens — Growth
166



