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Overview

Å testing for compliance to a specified microbiological level:

ï implications of variability, sample size, sample number

Å anatomy of the ICSMF sampling plan spreadsheet

Å using the ICMSF spreadsheet to design a sampling plan to 

meet a criterion

Å using the ICMSF spreadsheet to calculate the sensitivity of a 

sampling plan
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Use and Interpretation of the 

ICMSF Sampling Plan Tool

the implications of variability
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Designing an Appropriate Sampling

Plan to Meet a Performance Objective

ÅSteps in the development of a sampling plané

ÅFor the specified standard:

ïdefine the ójust unacceptable lotô from:

Åthe standard deviation of contamination of samples within a lot

Åthe required level of confidence

ïdetermine the needed performance of the analytical 

procedure (probability of false positives and false negatives)

ïdetermine the number of samples/sample size
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Sampling and the Probability of Detection

<50% defective?

<10% defective?

<1 % defective?
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Sampling and the Probability of Detection

we expect less than 0.01% contaminationé.
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Sampling Plans: Probability of Detection

Åsampling schemes try to identify contaminated batches 

of food by seeing what proportion are ôunacceptableõ

Åcanõt sample all units in the batch

Åprobability theory shows that the probability ( P
accept

) of 

not detecting contamination in a batch, by testing ônõ 

samples, when p is the true proportion of contaminated 

samples is:

Å

P
accept

= (1 - p)
n
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P
accept

= (1 - p)
n

P
accept

=  0.05  (required confidence that the batch isn t 

contaminated)

p =  0.0001 (maximum tolerable proportion of contamination)

Want to solve the above for n, the number of samples that 

need to be tested to be sure that less than 1 in 10,000 is 

contaminated  é

Sampling Plans: Probability of Detection
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Sampling Plans: Probability of Detection

P
accept

= (1 - p)
n

log( P
accept

) =  log ((1-p)
n
)

log( P
accept

) =  n x log (1-p)

n      = log( P
accept

) / log (1-p)

= log(0.05) / log(0.999)

= 29956!
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if the contamination within the lot is always the same 

concentration, then acceptability can be determined by a 

single determination (test) because it is completely 

representative of the lot, and é

as long as the test result is less than the criterion, the lot is 

acceptable

Testing: the importance

of variability



Sampling Workshop, Delhi, October 8,  2018

Testing: the importance

of variability

Åusually, the contamination is not homogenous within the 

lot but is a distribution, characterised by a mean 

(óaverageô) and standard deviation

Åwe need to work out the mean concentration, so that the 

proportion of samples above the criterion is acceptably 

low (i.e., meets our specified confidence limit)
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Use and Interpretation of the 

ICMSF Sampling Plan Tool
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Effect of sample number, n,  on plan stringency
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Effect of c on plan stringency ( n = 10)
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Use and Interpretation of the

ICMSF Sampling Plan Tool

the ICMSF spreadsheeté.



http://www.icmsf.org/publications/software-downloads/
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ICMSF Sampling plans

spreadsheet
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Elements of the 

spreadsheet

Å mean = required average value of distribution  (log10CFU) of counts in 

the lot

Å sigma = standard deviation known, or assumed (and assumed to be 

the same between lots)

Å m* = detection threshold of test method (e.g. 2 log10CFU;  -1.4 

log10CFU;  for presence/absence is log (inverse of sample size); often 

also the microbiological criterion

Å n = number of samples tested

Å c = number of samples permitted to fail the test

Å Paccept = confidence required (or achieved) in the reliability of the 

sampling plan

Å various óbuttonsô 





extra help é
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Designing an Appropriate Sampling 

Plan to Meet a Performance Objective

ÅSteps in the development of a sampling plané

ÅFor the specified criterion:

ïdefine the ójust unacceptable lotô from:

Åthe stated microbiological criterion

Åthe standard deviation of contamination of samples within a lot

Åthe required level of confidence

ïdetermine the required performance of the analytical 

procedure (probability of false positives and false negatives)

ïdetermine the number of samples/sample size



For criterion of 1 

cfu/g  é.

this distribution of 

contamination 

levels is 

unacceptable.

We could  é. 



é decrease the 

mean.

But the variation 

(standard 

deviation) also 

has an effect   é..



é do something 

to decrease the 

variation in 

counts.

In this case, the 

mean could be 

higheré.



For criterion of 1 

cfu/g  é.

this distribution of 

contamination levels 

is acceptable.

Even though the 

mean is higher, the 

variation is less, and 

we can go ñcloserò 

to the criterion.  
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Solver

ÅCalculates solution to ñwhat-ifò problems based 

on adjustable cells and constraint cells

Åuses iterative (ósearchingô) techniques to find an 

optimum value to solve an equation
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Designing an Appropriate Sampling 

Plan to Meet a Performance Objective

ÅSteps in the development of a sampling plané

ÅFor the specified criterion:

ïdefine the ójust unacceptable lotô from:

Åthe stated microbiological criterion

Åthe standard deviation of contamination of samples within a lot

Åthe required level of confidence

ïdetermine the required performance of the analytical 

procedure (probability of false positives and false negatives)

ïdetermine the number of samples/sample size

ïUse the spreadsheet buttons to find the sampling required
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sampling:  binomial distributions and 

required levels of confidence

Use and Interpretation of the

ICMSF Sampling Plan Tool
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Designing an Appropriate Sampling

Plan to Meet a Performance Objective

Åbinomial distributions

ïeither we detect a microorganism(s) in the sample or we do 
not

Åprobability of detection depends

ïconcentration in the lot

ïsize of the sample

ïe.g. if the concentration is 1 per 10 g we expect to detect 
(ñpresenceò) in most 25 g samples, but if the concentration is 
1 per 50 g, we expect to detect in only every second sample, 
ñon averageò
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Designing an Appropriate Sampling

Plan to Meet a Performance Objective

Å often, when  testing for pathogens, the acceptable mean 
concentration is small

Å consequently, only a small proportion of samples to be tested 
are expected to be positive (have detectable pathogens)

Å this means we are sampling from a Poisson process

Å we need to know how many samples to take to be highly 
confident that the mean concentration is below our acceptable 
limit
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Designing an Appropriate Sampling

Plan to Meet a Performance Objective

ÅSteps in the development of a sampling plané

ÅFor the specified standard:

ïdefine theójust unacceptable lotô from:

Åthe standard deviation of contamination of samples within a lot

Åthe required level of confidence

ïdetermine the needed performance of the analytical 

procedure (probability of false positives and false negatives; 

e.g., determined from OC curves)

ïdetermine the number of samples/sample size
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review of process

Åwhat is the criterion

Åwhat is the standard deviation in the lot

Åwhat is the ótolerableô rate of non-compliance

Åwhat is the test method sensitivity (inverse of sample 

size for presence/absence)

Åhow many samples are needed (binomial sampling) to 

achieve the confidence required that the test result 

ócorrectô
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Use and Interpretation of the

ICMSF Sampling Plan Tool

Using the Spreadsheet to Estimate

Sampling Plan óSensitivityô
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Using the Spreadsheet to Estimate

Sampling Plan óSensitivityô

ÅThe performance of the sampling plan is 
affected by

ïthe number of samples tested

ïthe size of the samples tested (and detection limit 
of each sample test; bigger samples should give 
higher prevalence)

ïthe standard deviation of the counts within the 
batch
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ICMSF Sampling Plan Guidance

Conditions expected after sampling

Reduction in 

Cell Density

No Change in 

Cell Density

Increase in Cell 

Density

Utility Case 1 Case 2 Case 3 

Indicator Case 4 Case 5 Case 6 

Moderate 

hazard

Case 7 (n=5, c=2) Case 8 (n=5, c=1) Case 9  (n=10, c=1)

Serious hazard Case 10 (n=5, 

c=0)

Case 11 (n=10, 

c=0)

Case 12 (n=20, 

c=0)

Severe hazard Case 13 (n=15, 

c=0)

Case 14 (n=20, 

c=0)

Case 15 (n=60, 

c=0)


