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Microbiological Criteria (MC)
First Codex guideline1: a microbiological criterion should state:
• the food to which the criterion applies;
• the point in the food chain where the criterion applies;
• the microorganisms of concern and/or their toxins/metabolites
and the reason for that concern;
• the analytical method for their detection and/or quantification;
• a plan defining the number of field samples to be taken and the
size of the analytical unit;
• microbiological limits considered appropriate to the food at the
specified point in the food chain;
• the number of analytical units that should conform to these limits;
• actions to be taken when the criterion is not met.
Practice since 2007: A microbiological criterion states:
• the performance of the sampling plan
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Principles for the Establishment and Application of Microbiological
Criteria for Foods, CAC/GL 21, 1997, Food Hygiene Basic Texts
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Codex Alimentarius
• Establishes international food safety standards to:
– protect the health of consumers
– ensure fair practices in trade

• Issues food safety management “principles” through its
standards and guidelines
• Based on risk assessment inputs (JEMRA for microbiological
risks)
• National authorities can choose to implement Codex standards
and guidelines in their regulation/law – only then it becomes
mandatory
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Microbiological Criteria (MC)
2007 – now: Use of microbiological criteria and sampling plans
by Codex in guidelines and standards/codes:
• Guidelines on the Application of General Principles of Food Hygiene
to the Control of Listeria monocytogenes in Ready-to-Eat Foods
(CAC/GL 61-2007)
Annex II: Microbiological Criteria for Listeria monocytogenes in Ready-to-Eat
Foods (RTE Foods)
http://www.codexalimentarius.net/download/standards/10740/CXG_061e.pdf

• Code of Hygienic Practice for powdered Formulae for Infants and
Young Children (CAC/RCP 66-2008)
Annex I: Microbiological criteria for Powdered Infant formula,…..
Annex II: Microbiological criteria for follow-up formula,…..
http://www.codexalimentarius.net/download/standards/11026/CXP_066e.pdf
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“Listeria monocytogenes in RTE food” MRA


Four model products considered:
•

Milk: pasteurized, low contamination level,
supports growth, high consumption

•

Ice-cream: as for milk, but does not support
growth

•

Fermented meat: frequently contaminated,
no “killing step” during production, no growth
(even some decrease), low consumption

•

Cold smoked fish: as for fermented meat, but
supports growth
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“Listeria monocytogenes in RTE food” MRA
Some insights:


▪

▪

▪

▪

▪

▪

Impact of control measures on Lm in foods
Existence of different groups / categories of RTE
foods relative to Lm presence and growth
Vast majority of listeriosis cases result from
ingestion of very high numbers
Consumption of low numbers has a very low
probability of causing illness
Level of hazard that is tolerable at the point of
consumption is in the order of 100 CFU/g for
generally healthy consumers
Vulnerable subgroups may be much more
vulnerable than generally healthy
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“Listeria monocytogenes in RTE food Codex guidelines

Guidelines on the application of general principles
of food hygiene to the control of Listeria
monocytogenes in foods
(CAC/GL 61 – 2007)

• Annex II (Microbiological criteria for Listeria monocytogenes in readyto-eat foods)
–

Foods for which specific L. monocytogenes criteria are relevant:
 foods not supporting growth of L. monocytogenes,
 foods supporting growth of L. monocytogenes.
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Foods not supporting growth of L. monocytogenes
Rationale:
- There is a level of Lm that can be considered
as generally safe.
- Levels of Lm would very rarely be over 1000
CFU/g.
- Definitely generally unsafe levels occur very
very infrequently (“defect” level considered
in MRA was 106 Lm cfu/g)

Micro Criterion performance:
• 55% of samples below 100 cfu/g with
45% of samples above 100 cfu/g.
• 0.002% of all samples could be above
1000 cfu/g.
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Foods not supporting growth of L. monocytogenes

Foods supporting growth of L. monocytogenes
Rationale:
- Per default, growth is not controlled to any “safe level”.
- A large safety margin is needed from those generally unsafe
levels that occur very very infrequently (“defect” level
considered in MRA was 106 Lm cfu/g)

Micro Criterion performance:
• 55 % of samples negative with up to 45 % being
positive.
• 0.5 % of samples could be above 0.1 cfu/g.
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Foods supporting growth of L. monocytogenes

Listeria monocytogenes example
Products that
vs
support
growth
Food
supporting
growth

Products that
do
not
Food
notsupport
supportinggrowth
growth
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100g
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10g
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1

10/g

2

3

100/g 1000/g

Mean Concentration Controlled with a 95% Probability

Code of Hygienic Practice for powdered Formulae for Infants and Young
Children (CAC/RCP 66-2008)

Code of Hygienic Practice for powdered Formulae for Infants and Young
Children (CAC/RCP 66-2008)
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http://www.fao.org/fao-who-codexalimentarius/codex-texts/guidelines/jp/
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Revised
Standard
Latest Codex
MC MC
guidelines

http://www.codexalimentarius.org/download/standards/394/CXG_021e.pdf
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Revised
Standard
Latest Codex
MC MC
guidelines

The microbiological safety of foods is managed by the effective
implementation of control measures that have been validated, where
appropriate, throughout the food chain to minimise contamination and
improve food safety.
This preventative approach offers more advantages than sole reliance
on microbiological testing through acceptance sampling of individual
lots of the final product to be placed on the market.
However, the establishment of microbiological criteria may be
appropriate for verifying that food safety control systems are
implemented correctly.
http://www.codexalimentarius.org/download/standards/394/CXG_021e.pdf
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Conclusions
For more
information, see
www.icmsf.org

• The latest Codex guidelines
and standards advocate use of
MC a more genuinely riskbased tool
• Should be established only
when necessary and
stringency should be
appropriate to its intended
purpose
• MC can be a very useful tool
in public and private contexts
• Achieving MC should be
evaluated as appropriate to
the context
• Suitability of MC should be
reviewed in a timely way
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Photo: courtesy of Tim Jackson, Nestlé
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List of MC components
A MC consists of the following components:
1) The purpose of the MC
2) The food, process or food safety control system to which the MC
applies
3) The specified point in the food chain where the MC applies
4) The microorganism(s) and the reason for its selection
5) Analytical methods and their performance parameters
6) The microbiological limits (m, M) or other limits ( e.g., a level of
risk);
7) A sampling plan defining the number of sample units to be taken
(n), the size of the analytical unit and where appropriate, the
acceptance number (c)
8) Depending on its purpose, an indication of the statistical
performance of the sampling plan
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Risk Categorization Matrix
Food handling and use conditions

A

B

C

1

Hazard

2

impact

3

4
5

highest
risk
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Relative performance values of ICMSF cases are illustrated in terms of the mean
concentration that will be rejected with at least 95% probability, assuming
hypothetical criteria and a standard deviation of 0.8. Calculations were performed
with ICMSF Microbiological Sampling plan tool Version 2.08 (www.icmsf.org).
Conditions under which food is expected to be handled and consumed
after sampling in the usual course of events

Analytical unit = 25g

Utility

Examples

Reduce risk

No change in risk

May increase risk

Aerobic colony count, yeasts
and molds

Case 1
3-class: n = 5, c = 3, m =
1000/g, M= 10000/g

Case 2
3-class: n = 5, c = 2, m =
1000/g, M= 10000/g

Case 3
3-class: n = 5, c = 1, m =
1000/g, M= 10000/g

Mean conc.: 5105/g

Mean conc.: 3282/g

Mean conc.: 1829/g

Case 4
3-class: n = 5, c = 3, m =
100/g, M= 1000/g

Case 5
3-class: n = 5, c = 2, m =
100/g, M= 10000/g

Case 6
3-class: n = 5, c = 1, m =
100/g, M= 10000/g

Mean conc.: 511/g

Mean conc.: 328/g

Mean conc.: 183/g

Case 7
3-class: n = 5, c = 2, m =
10/g, M= 100/g

Case 8
3-class: n = 5, c = 1, m =
10/g, M= 100/g

Case 9
3-class: n = 10, c = 1, m =
10/g, M= 100/g

Mean conc.: 33/g

Mean conc.: 18/g

Mean conc.: 6/g

Case 10
2-class: n = 5, c = 0, m =
0/25g

Case 11
2-class: n = 10, c = 1, m =
0/25g

Case 12
2-class: n = 20, c = 1, m =
0/25g

Mean conc.: 1/55g

Mean conc.: 1/178g

Mean conc.: 1/495g

Case 10
2-class: n = 15, c = 0, m =
0/25g

Case 11
2-class: n = 30, c = 1, m =
0/25g

Case 12
2-class: n = 60, c = 1, m =
0/25g

Mean conc.: 1/328g

Mean conc.: 1/854g

Mean conc.: 1/2034g

Indicator

Enterobacteriaceae, generic E.
coli

Moderate hazard

S. aureus, B. cereus,
C. perfringens,
V. parahaemolyticus

Serious hazard

Salmonella spp., L.
monocytogenes

Severe hazard

For the general population,
E. coli O157:H7, C. botulinum
neurotoxin;
For restricted populations,
Salmonella spp., Cronobacter
spp.; L. monocytogenes

Book 8 – Part 1: Principles
•

Utility of microbial testing for safety & quality

•

Validation of control measures

•

Verification of process control

•

Verification of environmental control

•

Corrective action to re-establish control

•

Microbial testing in customer-supplier
relationships
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Book 8 – Part 2: Products
•
•
•
•
•
•
•
•
•

Meats
Poultry
Seafood
Feed & pet food
Vegetables
Fruits
Spices, dried soups, flavorings
Cereals
Nuts, oilseeds, dried legumes

•
•
•
•
•
•
•
•
•
•

Cocoa and confectionery
Oil based foods
Sugar, syrups, honey
Beverages
Water
Dairy products
Eggs
Shelf stable, heat treated foods
Dry foods for infants
Combination foods
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Testing Considerations
•
•
•
•
•
•

Primary production
Ingredients
In-process
Processing environment
Shelf life
End product
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Primary Production
• Included when production
conditions have a major
influence on the microbial
quality or safety
• Fruits, vegetables, spices, meat,
poultry and fish products

• Examples of samples to
consider:
•
•
•
•

Irrigation water
Fertilizer
Feed
Other on-farm practices
28

E.g.: Agricultural Waters

Use

Importance

Irrigation,
raw RTE

High

Irrigation,
cooked
Pesticides,
cleaning,
etc.

Hazard or
Indicator

Testing method
/ Analytical
Unit

n

c

m

M

E. coli

ISO 9308-1
100 ml

3

1

10

102

Mediu
m

E. coli

ISO 9308-1
100 ml

3

1

102

103

High

E. coli

ISO 9308-1
100 ml

5

0

Absence in NA
100 ml
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Ingredient Testing
• May be useful for some applications and
not others
• Example - cocoa powder:
Dusted on chocolate, no heat treatment
? Used in ice cream mix that is subsequently
pasteurized

• Questions……..
• Is control at the ingredient step necessary?
• Is testing necessary to verify the acceptability
of the ingredient?

• When yes, testing is recommended
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In-Process Testing
• To verify a kill step or predict potential re-contamination
• Examples
• Intermediate product, line residues, tailings, wash water.
• Typically indicator organisms are monitored, giving quantitative
results.

• Questions:……
• Is the process needed to control a microbial concern?
• Is there a location representing “loss of control”?
• Is testing needed to verify:
• that the process is functioning as intended or that
• there is no contamination occurring in the process?

• When yes, testing is recommended
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E.g. Chocolate
Confectionary
Test

Importance

Critical
Ingredients:
Cocoa powder,
milk powder

High

In-Process: cocoa
powder product

Medium

Hazard or Indicator

•

•
•

In Process:
Product residues
from contact
surfaces

High
•

Testing method

Salmonella

•

• Salmonella
Enterobacteriaceae
• ACC

•

Osmophilic yeasts and
xerophilic moulds (aw>0.6)

• Salmonella
Enterobacteriaceae
• ACC

ISO 6579

ISO 6579
• ISO 21528-1
• ISO 4833
• ISO 21527-2
•

ISO 6579
• ISO 21528-1
• ISO 4833

Typical limits
encountered
•

absent

•

absent
• ≤10 cfu/g
• FBO limits
• ≤10 – 102 CFU/g
•

absent
• ≤10 cfu/g
• FBO limits
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Processing Environment Testing
• Use to verify that the environment is under
appropriate hygienic control
• Examples

• Swabs or sponges for equipment or in the environment
• Rapid testing to verify cleaning & sanitation adequacy

• Considerations:

• Identify harborage sites that can contaminate end product
• Frequently, we can detect issues earlier than by end product testing
and can take appropriate action

• Questions:…..

• Does the environment need to be controlled to prevent
contamination?
• Will testing be beneficial to verify control?

• When yes, testing is recommended
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E.g. Dried cereal products
(ready to eat)
Test

Importance

Process
environment:
line residues

High

Process
environment:
line residues

Medium

Hazard or Indicator

Testing method

Typical limits
encountered

Salmonella

ISO 6579

absent

Enterobacteriaceae

ISO 21528-1

≤102 – 103 CFU/g
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End-Product Testing
• Demonstrate successful application of controls or assess the
status of a lot when no other information exists.
• Alternative sampling plans may be appropriate, for example:
• Fewer samples for on-going surveillance activity
• More samples when investigating significant process deviations or
outbreaks.

• Questions considered:
• Is end product testing necessary to verify the overall manufacturing
process?
• Is end product testing relied upon for ensuring the safety or quality
of the lot?
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E.g: Dried Cereal
(Ready-to-Eat)

Relative
importance
High

End product
a

Low

Useful testing
Testing for Enterobacteriaceae is recommended to verify process control (in addition to
previously mentioned in-process and environmental testing)
Product

Microorganism

Analytical
method

Dried Cereal

Enterobacteriaceae

ISO 21528-2

Sampling plan & limits/g
Case

n

c

m

M

2

5

2

10

102

Testing for pathogens is not recommended during normal operation when GHP and HACCP
are effective as confirmed by above tests. When above testing or process deviations indicate
a possible safety issue, testing for Salmonella is recommended.
Product

Microorganism

Analytical
method

Dried Cereal

Salmonella

ISO 6579

Sampling plan & limits/25g*
Case

n

c

m

M

11

10a

0

0

NA

individual 25g analytical units
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E.g: Fresh cut vegetables
(Ready-to-eat)
Relative
importance
High

Useful testing
Routine microbiological testing is not recommended (Enterobacteriaceae, coliforms and fecal
coliforms are part of the the normal microbiota of fresh cut produce produced under GAP) but
periodic testing for specific indicators using internal standards or those below may be useful
for verifying process control and trend analysis
Product

End product
a

Fresh cut
vegetables
Low

Microorganism
E. coli

Sampling plan & limits/g

Analytical
method

Case

n

c

m

M

ISO 7251

6

5

1

10

102

Routine microbiological testing for pathogens is not recommended. Test for pathogens only
when other data indicate potential for contamination.
Sampling plan & limits/25g*

Product

Microorganism

Analytical
method

Fresh cut
vegetables

Salmonella

ISO 6579

12

20a

0

0

NA

E.coli O157:H7

ISO 16654

15

60a

0

0

NA

(STEC)

(ISO/TS
13136:2012)

L. monocytogenes

ISO 11290-1

N/A

5a

0

0

NA

individual 25g analytical units

Case

n

c

m

M

Conclusions
For more
information, see
www.icmsf.org

• Testing safety “into”
products usually does not
work because of sampling
probability
• Testing is recommended to
generate meaningful data
• Impact quality or safety
• Verify appropriate controls
or direct corrective action

• Focus on verification of
process control preferred

• Environmental monitoring
• Selected sampling tailored
to the line to verify control
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