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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
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ICMSF Spreadsheet
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1 |Microbiological sampling plans: a tool to explore ICMSF recommendations | _|
2 Version 2.08: Copyright 1998 David Legan & Mark VVandeven 2009 Marcel Zwietering & Peter Sestoft
3
4 Disclaimer
5 | This spreadsheet calculates probabilities The authors have taken every care to ensure that the output from this
6 | of acceptance for materials with different workbook is accurate. In making this tool available to promote discussion
7 | microbial loads and population standard and understanding of the power and limitations of attributes sampling plans
8 | deviations. The microbes are assumed neither the authors nor Nabisco Inc / ICMSF accept any liability for any
9 | to be lognormally distributed. consequences, direct or indirect resulting from a decision by the user to take,
10 or not to take, any action based on an output from this workbook.
11
12 |Version 1.01 Version 2.01: Addition of enrict 1t calculati Version 2.02: Simpliciation and reorganisation
13 | Mark Vandeven and David Legan Marcel Zwietering This version simplified and reorganized by Peter Sestoft (sestoft@itu.dk) after discussions

14 | Nabisco Research Wageningen University

15 |R M Schaeberle Technology Center Laboratory of Food Microbiology
16 200 DeForest Avenue PO Box 17

17 |East Hanover, NJ 07936-1944, USA 6700AA Wageningen

18 | email: VandevenM@Nabisco.com, or The Netherlands

19 LeganD@Nabisco.com email: Marcel.Zwietering@WUR.nl

Version 2.03-2.05: Finilisation for posting
The file is further improved and updated.

with Marcel Zwietering (marcel.zwietering@wur.nl)

Version 2.07: OC based on arithmetic mean

20 Version 2.08: Sensitivity and specificity added

21 Background reading

22 | ICMSF book 2

23 Calculations for 2-class spreadsheet were checked against ICMSF book 2 Tables 2 and 3 and are in complete agreement.
24 | Calculations for 3-class spreadsheet were checked against ICMSF book 2 Table 4 and are in complete agreement.

25 |Relating microbiological criteria to food safety objectives and performance objectives

26 M. van Schothorst, M.H. Zwietering, T. Ross, R.L. Buchanan, M.B. Cole, International Commission on Microbiological Specifications for Foods (ICMSF)

27 Food Control 20: 967-979 (2009)

28 Microbial testing in food safety: effect of specificity and sensitivity on sampling plans — how does the OC curve move
29 M.H. Zwietering, H.M.W. den Besten.

30 |Current Opinion Food Science 12, 42-51 (2016)

32 Acknowledgment

33 The curves showing the distribution of organisms in foods for entered mean counts and sigma values
34 were inspired by unpublished work circulated to ICMSF members by Suzanne Dahms

35 | Development of this tool was inspired by Martin Cole

40 |update 2009-05-20

41 |update 2009-10-7: reduced further in calculations, removed empty modules, updated MZ

42 |update 2009-10-12: returned to goalseek, no need for solver and analytic toolpack

43 |update 2009-10-14: limited ¢ maximally at 1e10 cfu/g in poissonlognormal

44 | update 2009-10-15: limited sigma >0.05

45 |update 2009-10-27: protected help file in Introduction

46 |update 2010-10-19: added log arithmetic means

47 |update 2013-11-25: version 07: added boxes with performance, changed graph to arithmetic mean
48 |update 2014-10-23: version 08: sensitivty and selectivity added and boxes placed in input

49 |update 2015-11-17: version 08: sensspec updated by removing alternative plan

50 update 2015-11-23: version 08: made boxes conditional for only being represented if fitted, manual updated with log mean.
51 |update 2016-08-11: version 08: added specificity and sensitivity tables, FSO added
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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

microbial standards.xls

pR?

El E @ E @% EIil tl ‘?m' —-' 2 '%ﬁ'ﬂ@@ ﬁ] 100%@5@ (Qv Search in Sheet

# Home | Layout = Tables | Charts | SmartArt | Formulas | Data | Review [
A1 S N fx| Originally available from: http:/ /www.who.it/HT /fs_mact.htm Database of microbiological specifications
_ - B C D [ E [ F [ G [ H [
iiﬁiginally available from: huﬁ{fhvw«.whn.MHTﬁs macLhim Database of microbiological specifications A preliminary version of a databage of miershiological specificalions is available as an Dennis Ryan and Manlio Tomasing assernbled nalional legislations eblained from facal paints.

2 | Country | bt rFuud commodity | bt | Other information | > | Microorganisms or metabolite | bt | Mumerical values as piven in original puhll bt |Sumpling plan as HJ > | Point of application | e’ | Legal status | bt |
_ 3 |Australia Butter Farm Total plate count m=500000 n=1 ¢=0 standurds
_ 4 |Australia Cheese cheddar Culiforms m=10 M=100 n=5 ¢=2 stundurds
_ 5 |Australia Cheese gouda Culiforms m=10 M=100 n=5 ¢=2 stundurds
_6 |Australia Cheese cheddar Escherichia coll m=0in 0.01g n=5 ¢=1 standurds
_ ¢ |Australia Cheese gouda FEscherichia coll m=0in 0.01g n=3 =1 stundurds
_ 8 [Australia Cheese and cheese products with >40% moisture and pH 5.0 Listeria monacytogenes m={in 25g n=5 =0 stenderds
9 |Australia Cheess produced from thermized milk Livteria monocvtogenes m=0in 25g =5 =0 stendards
10 | Australia Cheese cheddar Staphylococcus coagulase pasitive m={1in(.1g n=5 =1 stenderds
11 |Australia Cheese gouda Staphylococcus coagulase pasitive m={1in(.1g n=5 =1 stenderds
12 | Australia Coconut dessicated Salmonella spp. m=0in 25g =10 e=0 standards
13 |Australia Cream products, ultra heat treeted Absence of growth at 30°C, 553°C and ambisni m=0 n=5 =0 stenderds
14 |Australia Cream ulira heat treated Absence of groweh at 30°C, 53°C and ambieni m=0 n=5 ¢=0 stundurds
15 |Australia Cream not pesteunised Aerohic microorganisms (@ 30°C m=500000 per ml =5 =0 stendards
16 | Australia Cream pasteurised Aerohic microorganisms (@ 30°C m=50000 M=100000 per ml n=5 =1 stenderds
17 |Australia Cream products Aerohic microorganisms (@ 30°C m=50000 M=100000 per ml n=5 =1 stenderds
18 |Australia Cream not pasteurised Coliforms m=100 per ml n=5 ¢=0 standurds
19 |Australia Cream pasteurised Coliforms m=10 M=100 per ml n=5 =1 stenderds
20 |Australia Cream products Coliforms m=10 M=100 per ml n=5 =1 stenderds
21 |Australia Crustaceans cooked flesh, other than pre-cooked froeen flesh Aerchic microorganisms (@ 30°C m=1000000 M=10000000 =5 =2 stendards
22 |Australia Crustaceans cooked flesh, other than pre-cooked froeen flesh FEscherichia coll m=10 M=100 n=3 =1 stundurds
23 |Australia Crustaceans cooked flesh, other than pre-cooked froeen flesh Salmonella spp. m={in 25g n=5 =0 stenderds
24 |Australia Crustaceans cooked flesh, other than pre-cooked froeen flesh Staphylococcus coagulase pasitive m=500 M=5000 n=5 =1 stenderds
25 |Australia Drairy ice mix Aerohic microorganisms (@ 30°C m=30000 M=250000 n=5 =2 stenderds
26 | Australia Dairy ice mix Culiforms m=100 M=1000 n=5 ¢=2 stundurds
27 |Australia Dairy ice mix Yeasty m=100 M=200 n=3 =1 stundurds
28 | Australia Egp liquid Aerohic microorganisms (@ 30°C m=10000 M=50000 n=5 =1 stenderds
29 |Australia Egp white mix and mixtures thereof Aerohic microorganisms (@ 30°C m=10000 M=50000 n=5 =1 stenderds
30 |Australia Egp white, liquid Aerohic microorganisms (@ 30°C m=10000 M=50000 n=5 =1 stenderds
31 |Australia Egp volk, liquid Aerohic microorganisms (@ 30°C m=10000 M=50000 n=5 =1 stenderds
32 |Australia Egp liquid Salmonella spp. m={in 25g n=5 =0 stenderds
33 [Australia Egp white mix and mixtures thereof Salmonella spp. m={in 25g n=5 =0 stenderds
34 |Australia Egp white, liquid Salmonella spp. m={in 25g n=5 =0 stenderds
35 |Australia Egp volk, liquid Salmonella spp. m={in 25g n=5 =0 stenderds
36 | Australia Fish smoked products Listeria monacytogenes m={in 25g n=5 =0 stenderds
37 |Australia Foods froeen, pre-cooked Aerohic microorganisms (@ 30°C m=100000 M=1000000 n=5 =2 stenderds
38 | Australia Foods frozen, pre-cooked FEscherichia coll m=9 M=T0 n=3 =1 stundurds
39 |Australia Foods froeen, pre-cooked Salmonella spp. m={in 25g n=5 =0 stenderds
40 | Australia Foods froeen, pre-cooked Staphylococcus coagulase pasitive m=100 M=1000 n=5 =1 stenderds
41 |Australia Frogs' legs frozen Salmonella spp. m={in 25g n=5 =0 stenderds

42 | Australia [ce packaged Aerohic microorganisms (@ 30°C m=100 per ml n=5 =0 stendards




Understanding sampling plan lingo

*A simple example plan: 100 \ lo
*Take 10 samples 3 5
£ 0.80 ( Proiy = 0.32 0.20 &
*If more than 2 are s “s
positive, reject s g
] ] § 0.60} 0.40 §
*|ln sampling lingo: 5 o
‘n=10 8 0.40| loeo &
S P{acc)=0-68ﬁ =
oc=2 £ 3
g 0.20 o.aog
3 "
Ql a

% 10 20 30 20 50 601 00

p = par cent of defective sample units comprising lot



Two-class plans

e Results are
*positive or negative
econcentration above or below a critical threshold

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



Two-class plan OC curves

R n=10
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Understanding the two class, enrichment tab



Compositing matters

* Nn=60, 25 ¢, each is tested

* Nn=60, 25 g, composite each 12, test 5
* Thisisliken=5,300¢g

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




Sample size matters

* Play around with rand 25

VS 375 spreadsheet 25 25 25 25 25 25 25 25 25 25g 25 25 25 25 25

* Current example 1/10 25 ¢ 9 9 9 9 9 9 9 9 9 9 9 9
g samples positive or

10%

*Gives 57% of 375 ¢g

samples positive

e Uses excel rand function
so numbers will change
each time



Zero tolerance

\What does “zero tolerance”
mean??

*How good is a zero
tolerance plan forn =57?
*20% defective?
*10% defective?

*1% defective?
0 20 40 60 80
\Who Samples 100% per cent defective (pg)

p 3
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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 = uhacceptable concentration

*c = maximum number of unacceptable samples at “m’
*M = reject lot if any count greater than M is obtained



Choosing m and M
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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 gand 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

Table 7

Performance of various 3-class sampling plans for L. monocytogenes defined as
the concentration C, which is the arithmetic mean of a lognormal distribution
with a standard deviation of 0.8 that is detected with a 95% probability.

n m M C C (cfu/g)
3-class 5 0/0.1g 100 cfu/g 1 70.4
3-class 24 0/0.1g 100 cfu/g 1 4.2
3-class 94 0/0.1g 100 cfu/g 1 0.68
3-class 5 0/g 100 cfu/g 1 7.9
3-class 7 0/g 100 cfu/g 1 3.7
3-class 18 0/g 100 cfu/g 1 0.66
3-class 3 0/25 g 100 cfu/g 1 1.4
3-class 4 0/25 ¢ 100 cfu/g 1 0.57
3-class 5 0/25 ¢ 100 cfu/g 1 0.32

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



WHO spreadsheet Demo (15 min)

* Quick tutorial on Excel * Explain the task - 5 min
AutoFilter

*Do the task -5 min
*Break into small groups (need

one computer per group) *Report out -5 min

*Pick a food
* Compare by country

*Pick a microbe
* Compare by food or country

\What can we conclude?



Desigh Demo - ICMSF spreadsheet (15 min)

* Break into small groups (need one
computer per group and Must enable
macros)

e Setupann=2,c=0planinthe
spreadsheet

e Samplesize=25¢g
* Desired 5%
* Click “find mean...”

* What is the mean?  Explain the task -5 min
* Now find a plan that allows ¢ >0 that is :
more protective of public health * Do the task -5 min
* What parameters can you change?
* Desired P should still be 5%, but mean o Report out-=5 min

should be lower



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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