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Outline

•Sampling 101, understanding performance of a 
sampling plan

•Understanding 2-class, 3-class and mixed 3-class 
plans

•Developing microbiological criteria 
•Demo 1
•Demo 2
•Discussion



Useful source text
• This book was the only comprehensive publication on 

statistically based sampling plans for foods. 2nd ed. 
(1986). Toronto: University of Toronto Press. ISBN: 
0802056938. 

• Revised as: Microorganisms in Foods 7: 
Microbiological Testing in Food Safety Management. 
Kluwer Academic/Plenum Publishers, 2002. ISBN: 
0306472627. Available from Kluwer Publishers

• Part 2 of the old book is available as a free download
• http://www.icmsf.org/pdf/icmsf2.pdf

• Excel spreadsheets and other tools
• http://www.icmsf.org/main/software_downloads.ht

ml
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http://www.icmsf.org/pdf/icmsf2.pdf
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ICMSF Spreadsheet
• History of the spreadsheet
• Review the different tabs



WHO Database
•Database of microbiological specifications for selected countries 

(2000)   
•A collection of legal limits and guideline values as defined by 16 

countries in the European Region, 6 outside Europe and 3 
international organizations

•The spreadsheet was available on the WHO website, but in no longer 
available

•A copy has been provided



WHO table spreadsheet



Understanding sampling plan lingo
•A simple example plan:

•Take 10 samples
•If more than 2 are 

positive, reject
•In sampling lingo:

•n = 10
•c = 2



Two-class plans
•Results are

•positive or negative
•concentration above or below a critical threshold

•n = number of samples
•c = maximum number of unacceptable samples
•m = unacceptable concentration



Two-class plan OC curves
•What happens as n goes up?
•What happens as c goes down?
•What is the best plan shown?
•How good is it?

•20% defective?
•10% defective
•1% defective?



Understanding the two class, enrichment tab



Compositing matters
• n = 60, 25 g, each is tested
• n = 60, 25 g, composite each 12, test 5

• This is like n = 5, 300 g

• There is no free lunch 
• Plans converge as sigma lowers



Sample size matters
• Play around with rand 25 

vs 375 spreadsheet
• Current example 1/10 25 

g samples positive or 
10%

• Gives 57% of 375 g 
samples positive

• Uses excel rand function 
so numbers will change 
each time
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Zero tolerance

•What does “zero tolerance” 
mean?

•How good is a zero 
tolerance plan for n = 5?
•20% defective?
•10% defective?
•1% defective?

•Who samples 100%



Three-class plans
•Three class plans are for situations where microbiological 

quality can grouped into three classes: good, marginal and poor
•n = number of samples
•m = unacceptable concentration
•c = maximum number of unacceptable samples at “m”
•M = reject lot if any count greater than M is obtained



Choosing m and M



Mixed 3 class plan
• Limits m and M are often quantitative 

(e.g., 500 cfu/g; 5000 cfu/g), 
• But they could also be partly 

qualitative (e.g., m =0/25 g and M =100 
cfu/g)

• Or both be qualitative (e.g., m =0/25 g, 
M =0/0.1 g)

• One could enrich 25 g of product in 225 
ml of enrichment broth, and, in 
parallel, count one sample for each of 
the n samples

• One could also freeze 1 ml of product 
for each of the n samples and 
enumerate only those samples that are 
positive after enrichment

Farber et al., 2021
Food Control 123 (2021) 107601
https://doi.org/10.1016/j.foodcont.2020.107601



WHO spreadsheet Demo (15 min )
•Quick tutorial on Excel 

AutoFilter

•Break into small groups (need 
one computer per group)

•Pick a food
• Compare by country

•Pick a microbe
• Compare by food or country

•What can we conclude?

•Explain the task – 5 min

•Do the task – 5 min

•Report out – 5 min



Design Demo - ICMSF spreadsheet  (15 min)
• Break into small groups (need one 

computer per group and Must enable 
macros)

• Set up an n = 2, c = 0 plan in the 
spreadsheet

• Sample size = 25 g
• Desired 5%
• Click “find mean…”
• What is the mean?

• Now find a plan that allows c >0 that is 
more protective of public health

• What parameters can you change?
• Desired P should still be 5%, but mean 

should be lower

• Explain the task – 5 min

• Do the task – 5 min

• Report out – 5 min



Summary

•Sampling is not very good for low defect rates
•“Zero tolerance” is not really zero
•Sample size matters
•Composting can help, but there is no free lunch
•Different groups have different sampling plans for the 
same food and microbe 
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