Introduction of the

ICMSF Sampling Plan Tool

Leon G.M. Gorris, PhD

Food Safety Expert, The Netherlands
ICMSF Member 2001-present



Introduction

 Purpose of sampling and testing

The ICMSF Sampling plan tool
Where to find & download it
Key design features

Sampling plan dashboard example



Purpose of sampling and testing

— Microbiological testing is frequently used to verify process
control and assess the acceptability of food lots

— Governments may establish acceptability criteria in the form of
Microbiological Criteria (MCs) in food safety standards. Industry
may use MCs in microbiological specifications for food lots.

— The original ICMSF concept defined 15 Cases of acceptability
criterial, with specific sampling plans for MCs that are
proportional to the necessary stringency of control

— MCs are statistically-based metrics that are often considered
complex, challenging to understand and difficult to use

1 |CMSF, 1986. Microorganisms in Foods 2. Sampling for Microbiological Analysis: Principles and
Specific Applications, 2nd ed. University of Toronto Press, Toronto, Canada. ISBN: 0802056938



ICMSF Advice

Book 7: http://www.springer.com/la/book/9783319684581
Book 8: https://link.springer.com/book/10.1007/978-1-4419-9374-8



The ICMSF Sampling plan tool

— Itis a Windows Excel Spreadsheet posted on ICMSF.org !

— The tool covers 2- and 3-class sampling plans that are either
gualitative or quantitative

— The tool focuses on functionality and users need to understand
the terminology and concepts underlying sampling plans

— It provides support to food professionals and others that, for
Instance, wish to understand sampling plan performance or
design tailored sampling plans

— The tool is updated whenever there are relevant new scientific
Insights or functionalities. Peer-review is important to us.

! https://www.icmsf.org/



www.ICMSF.org
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www.|CMSF.org
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www.ICMSF.org

Where to find the tool?

» is a tool to explore ICMSF recommendations.
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Where to find the tool?

MICROBIOLOGICAL SAMPLING PLANS: ATOOL TO EXPLORE ICMSF RECOMMENDATIONS
(SOME EXPLANATION)

TWO-CLASS SAMPLING PLANS (2-CLASS ENRICHMENTS AND 2-CLASS COUNTS)

THREE-CLASS SAMPLING PLANS (3CLASS)
Graphs for three-class sampling plans (from left to right):

Plot 1 - Operating characteristic (OC) surface showing probabilities of accepting a lot depending on two proportions: the proportion defective in the lot exceeding the
microbiological limit M, named Pd, and the proportion marginally defective between the two microbiological limits m and M, named Pm.

Acceptance probabilities are calculated for given number of sampling units that are examined, n, given microbiological limits m and M, and given maximum number of sampling
units that are allowed to be marginally defective, ¢, i.e. that are allowed to exceed the limit m but not M. The number of sampling units that are allowed to exceed M is assumed to
be zero.

Plot 2 - Normal frequency distribution assumed for Log-transformed colony count numbers per gram to be found in sampling units drawn randomly from a lot characterized by
given mean Log count per gram and given standard deviation sigma.

The red vertical line indicates the microbiological limit M specified in the sampling plan. Right to Mthe area under the curve corresponds to the proportion defective the lot
contains, Pd. The pink vertical line indicates the microbiological limit m specified in the sampling plan. The area under the curve between m and M corresponds to the proportion
marginally defective in the lot, Pm.

Plot 3 - Using these proportions defective, these proportions marginally defective, and the given sampling plan specifications for n and ¢ correspending probabilities of lot
acceptance are calculated. Results are plotted (black) to show the OC curve in relation to Log arithmetic mean counts per gram.

Input fields for two-class sampling plans:
Yellow fields in the center -

* Lot characteristics: mean Log count per gram and standard deviation sigma shown in Plot 2.
* Sampling plan specifications: the microbiclogical limits, m and M, the number of sampling units, n, and the number of sampling units that are allowed to be marginally

defective, ¢, i.e. that are allowed to exceed the limit m but not to exceed M.
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Key design features of the tool
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1 |Microbiological sampling plans: a tool to explore ICMSF recommendations
2 Version 2.10: Copyright 1998 David Legan & Mark Vandeven 2009 Marcel Zwietering & Peter Sestoft
3 + L]
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 enrichment calculations Version 2.02: Simpliciation and reorg ti
13 |Mark Vandeven and David Legan Marcel Zwistering This version simplified and reorganized by Peter Sestoft (sestoft@itu.dk) after discussions
14 |Nabisco Research Wageningen University with Marcel Zwietering (marcel zwistering@wur.nl)
15 |R M Schaeberle Technology Center Laboratory of Food Microbiology
16 | 200 DeForest Avenue PO Box 17 Version 2.03-2.05: Finilisation for posting
17 |East Hanover, NJ 07936-1944, USA 6700AA Wageningen The file is further improved and updated.
18 |email: VandevenM@MNabisco.com, or The Netherlands
19 |LeganD@Mabisco.com email: Marcel Zwietering@WUR.nl Version 2.07: OC based on arithmetic mean
20 Version 2.08: Sensitivity and specificity added
21 |Background reading Version 2.09: Jclass mixed added
22 |ICMSF book 2 Version 2.10: Jclass mixed corrected error

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. Zwistering, T. Ross, R.L. Buchanan, M.B. Cols, 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 sensitmity 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 | * 19-05-20

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 c 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
AQ L indata 20164147 uarainn N8 undatad b ramaving altarnativa nlan
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ey design features of the tool
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mendations

The authors have taken every care to ensure that the output from this
workbook is accurate. In making this tool available to promote discussion
and understanding of the power and limitations of attributes sampling plans
neither the authors nor Mabisco Inc / ICMSF accept any liability for any

3 ~ Fe
A B C D E F G H
Microbiological sampling plans: a tool to explore ICMS
|Version 2.10: Copyright 1998 David Legan & Mark Vandeven 2009 Marcel Zwietering &
L ]
Disclaimer

This spreadsheet calculates probabilities

of acceptance for materials with different

microbial loads and population standard

deviations. The microbes are assumed

to be lognormally distributed.

Version 1.01

Mark Vandeven and David Legan
Mabisco Research

R M Schaeberle Technology Center
200 DeForest Avenue

East Hanover, MJ 07936-1944, USA
email: VandevenM@MNabisco.com, or
LeganD@Mabisco.com

Background reading
ICMSF book 2

Food Contral 20: 967-979 (2009)

M.H. Zwietering, H.M_W. den Besten.

Acknowledgment

update |~ 19-05-20

consequences, direct or indirect resulting from a decision by the user to take,
or not to take, any action based on an output from this workbook.

Version 2.01: Addition of enrichment calculations
Marcel Zwietering

Wageningen University

Laboratory of Food Microbiology

PO Box 17

6700AA Wageningen

The MNetherlands

email: Marcel Zwistering@WUR.nl

Version 2.02: Simpliciation and reorganisation
This version simplified and reorganized by Peter Sestoft (sestoft@itu.dk) after discussions
with Marcel Zwietering (marcel zwietering@wur.nl)

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

Version 2.07: OC based on arithmetic mean
Version 2.08: Sensitivity and specificity added
Version 2.09: 3-class mixed added

Version 2.10: 3-class mixed corrected error

Calculations for 2-class spreadsheet were checked against ICMSF book 2 Tables 2 and 3 and are in complete agreement.

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

Relating microbiclogical criteria to food safety objectives and performance objectives

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

Microbial testing in food safety: effect of specificity and sensitivity on sampling plans — how does the OC curve move
Current Opinion Food Science 12, 42-51 (2016)
The curves showing the distribution of organisms in foods for entered mean counts and sigma values

were inspired by unpublished work circulated to ICMSF members by Suzanne Dahms
Development of this tool was inspired by Martin Cole

update 2009-10-7: reduced further in calculations, removed empty modules, updated MZ
update 2009-10-12: returned to goalseek, no need for solver and analytic toolpack
update 2009-10-14: limited ¢ maximally at 1e10 cfu/g in poissonlognormal

About

Technical issues

3-class counts 3-class mixed 2-class enrich sensspec TablesensSpec

®

Introduction | 2-class enrichment | 2-class counts
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The file is further

Version 2.07: O
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]

DISCLAIMER

The authors have taken every care to ensure that the output from this
workbook is accurate, In making this tool available to promote
discussion and understanding of the power and limitations of
attributes sampling plans neither the authors nor ICMSF accept any
liability for any conseguences, direct or indirect resulting from a

decision by the user to take, or not to take, any action based on an
output from this workbook.
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complete agreement.
g agreement.
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Key design features of the tool

Background reading I:l

ICMSF book 2

Calculations for 2-class spreadsheet were checked against ICMSF book 2 Tables 2 and 3 and are in complete agreement.

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

Relating microbiological criteria to food safety objectives and performance objectives

M. van Schothorst, M.H. Zwietering, T. Ross, R.L. Buchanan, M.B. Cole, International Commission on Microbiological Specifications for Foods (ICMSF)
Food Control 20: 967-979 (2009)

Microbial testing in food safety: effect of specificity and sensitivity on sampling plans — how does the OC curve move

M.H. Zwietering, H.M_W. den Besten.

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

Acknowledgment

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

Development of this tool was inspired by Martin Cole

update 2009-05-20

update 2009-10-7: reduced further in calculations, removed empty modules, updated MZ
update 2009-10-12: returned to goalseek, no need for solver and analytic toolpack
update 2009-10-14: limited ¢ maximally at 110 cfu/g in poissonlognormal

update 2009-10-15: limited sigma =0.05

undata 2009-1N-27- nratartad heln fila in Introduction

Technical issues Introduction 2-class enrichment 2-class counts 3-class counts 3-class mixed 2-class enrich sensspec

I Y N O A

Help and guidance Different types of sampling plans

TableSensSpec
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Key design features of the tool
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This file can determine the performance of sampling plans for five cases:
» 2-class plans for enrichments (presence/absence, detection of the organism with no count results) see tab 2-class enrichment
» 2-class plans for quantitative determination (like concentration<100 cfu/g) see tab 2-class counts
» 3-classplans for quantitative determination (where concentration is compared to both m and M) see tab 3-class counts
® 3-class mixed plans where m is qualitative and M is a concentration see tab 3-class mixed
» Z-class plans for enrichments including effects sensitivity and specificity see tab 2-class enrich sensspec
» Effects of sensitivity and specificity (fixed values) are also presented in a tabular form see tab TableSensSpec

Description of the used variables
Data entry cells are highlighted in yellow: All other cells are protected.

mean mean of the {assumed) log normal distribution describing the occurrence of bacterial contaminants; unit is log cfu per gram
sigma standard deviation of the same (assumed) log normal distribution

m acceptable level of microbiclogical contamination, defined as an allowable concentration, or for enrichement no contamination in a sample of a certain weight, hence equals minus log({weight)
n number of samples tested
C number of samples whose contamination is allowed to exceed m (that is, test positive for contamination), yet the lot will be accepted

amount  sample weight, in gram (only relevant for 2-class enrichement plans)

P(accept) the probability of accepting a specific lot; this is a function of the assumed contamination level (mean, sigma) and the sampling plan (n, ¢ and amount). This is usually set at 5%, this then
means there is 5% probability of acceptance, or 95% probability of detecting such unacceptable lot

sensitivity true positive rate= TP/(TP+FN), (assumed to be fixed value depending on the method and not dependant on the concentration of the organisms)

specificity true negative rate= TN/(TN+FF), (assumed to be fixed value depending on the method and not dependant on the concentration of the organisms)

The Implied Acceptance Level, shown on all ‘tabs’ (worksheets), allows you to calculate the proportion of all the samples in the lot that would be expected to be above any chosen logCFU value

(i.e., a user input). For that logCFU, the z-score is also calculated.
For a manual please open the following word-file For an explanation on arithmetic and geometric means open the following word-file

Document Document

About Introduction 2-class enrichment 2-class counts 3-class counts 3-class mixed 2-class enrich sensspec TableSensSpec (-i-)

19



Key design features of the tool

mean concenfration accepted at a 5% probability, equal to about -1.5; the exact value -1.51 is in

This curve only depends on the » and ¢ values and defines the probability that the batch will be
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EXPLANATION OF THE SHEET

The performance of a sampling plan describes the lowest level of an organism that will be
detected with a particular plan with a particular certainty. E.g. one can state that one wants to be
5% sure that a faulty lot is rejected. One has to make an assumption about the distribution of
organisms in the samples, especially the standard deviation.

Example 1: Assessing the performance of a sampling plan with microbial counts.
To assess the performance of a sampling plan with m=2 log cfu'g and »=10 samples, for batches
with a standard deviation sigma of 0.8 log . cfw'g:
*  Select the worksheet “2 class counts” (by clicking on the appropriate tab at the bottom of
the workbook)
= Set cell J20, sigma (the kmown or assumed standard deviation of counts in the lot), at 0.8
logy cf'g
= SetJ21 (m, the microblolegical limit in log, cfu/g) at 2
*  SetJ22 (n, the number of samples to be tested) at 10
*  SetJ23 (¢, the number of samples permitted to test pozitive) to 0
*  Set M20 (the desired acceptance level) at 3%
= Prese the button “Find mean that gives desired Placcept)”. Now cell 119 will change to
1.48, with cell M19 and M20 displaying 5%.

Interpretation of Example 1

This can be interpreted as follows: a batch with a mean log concentration of more than 1.48 logi
cfin's and with a standard deviation sigme of 0.8 logs cfi's will be accepted with <5%
probability, and hence rejected with =83% probability, if the microbiological limit m is 2 logs in
each of #=10 samples.

Example 2: A ing the perfi of a sampling plan for an enrichment.
To assess the performance of a sampling plan with m—=absence in 25 g and n=10 samples, for
batches with a standard deviation (sigma) of 0.8:

= Select the worksheet “2 class enrichment™

= Setcell 120 (sigma, the standard deviation) at 0.8

*  SetJ22 (m, the number of samples) to 10

#  SetJ23 (¢, the number of samples permitted to test positive) to 0

sSpec |
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Key design features of the tool

)

Document

About

|For a manual please open the following word-file

Introduction

For an explanation on a

)

Document

metic and geometric mea)

Microorganisms grow (or decline) exponentially over time, and levels in food can vary
over many orders of magnitude. Therefore, microbial numbers are often expressed as
their log-transformed values. This has as advantage that numbers are easier to
understand: 7.4 log cfu is comprehended better than 25118864 cfu. Additionally, errors
in determination of micrebial counts are often relative to their numerical ("absolute™)
concentration due to the enumeration methods used, which usually involve serial
dilutions. A log transformation makes the errors mere consistent in scale across very
large difference in absolute numbers. This also has advantages for data analyses because
most currently used statistics are only appropriate if the data conform to a "Normal”
distribution. The best available data suggest that the logarithm of microbial
counts/concentrations in foods are consistent with the Normal distribution.

Accordingly, log transformation of numbers/concentrations of microorganisms in foods is
often used and is usually effective and appropriate in describing, interpreting and
analysing experimental results. This includes the design and interpretation of sampling
plans that require that microorganisms in foods are "log-Normally™ distributed (i.e. that
the log cfu values are Normally distributed).

Conversely, the impact of organisms, including the public health risk from pathogens in
foods, is most often related to the absolute number of organisms ingested. For example,
at doses where probabilities of infection/illness are below 10% (i.e., below the ID10),
most dose-response models for infection/illness predict that the probability of
illness/infection is directly proportional to the dose ingested. Therefore, in the
interpretation of the public health impact the absolute number of organisms is most
relevant.

A consequence of the logarithmic transformation of data is that that the average of log
transformed values differs from the average of the untransformed values. For example,
the average contamination level of three samples with 100, 1000 and 10000 cfu/g
present is 11100 cfu/g /3 = 3700 cfu/g. The mean log contamination level is (2+3+4 log
cfu)/3 = 3 log cfu/g. When converted to absolute numbers, this suggests a mean
contamination level of enfy 1000 cfu/g. Importantly, in most situations, the risk from
3700 cfufg is nearly four-fold higher than the risk from 1000 cfu/g.

As indicated above, it is the mean of the untransformed value that is most relevant to
prediction of the effect of microbial loads. As such, while it is appropriate to calculate
statistical summaries of microbial counts using log-transfermed data (to facilitate the use
of common statistical methods) it is the average of absolute values that is most relevant
to estimation of risk.

Accordingly, it is important to specify clearly, and understand, the methods used in
calculations and pay attention te the units used to express microbial loads, so that
estimated risks can be compared without confusion.

As a second example, let's assume we have two groups of three products one with levels
100, 1000, and 10000 and one with 10, 1000, and 100000:

concentration in cfufg

preduct | preduct | preduct | log mean | geometric | arithmetic | total
1 mean mean number

concentration in log cfu/g

batch 1 100 1000 10000 3.568202 | 1000 3700 11100

batch 2 | 10 1000 100000 | 4.527243 | 1000 33670 101010

product | preduct | product

2-class enrichment

2-class counts

3-class counts

3-class m

1 2 3 mean log
batch1 |2 3 4
batch 2 1 3 5 3

If we consider these levels on log scale we can see that the log levels are for the first
batch: 2, 3, and 4 log cfu/g and for the second batch: 1,3 and 5 log cfu/g. Both batches
have a mean log concentration of 3 log cfu/g. The second batch has higher variability,
but based on the mean log concentration it has an equal level. If we now investigate
these batches on arithmetic scale we see that the mean level is very different. The
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Key design features of the tool

Types of sampling plans

2-class 2-class 3-class 3-class 2-class

Pt 1t

About Technical issues Introduction | 2-class enrichment | 2-class counts | 3-class counts | 3-class mixed | 2-class enrich sensspec | TableSensSpec |

Qualitative Quantitative Qualitative

*
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Example sampling plan dashboard
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Operating characteristic curve for proportion Probability density function (PDF) for log counts. Operating characteristic curve scaled to relate log
defective, with n=5 and c=0 Distribution mean = 1.90 and sigma = 0.80 arithmetic mean count to m
1.00 060
1.00
050 0.50 / \
\ 0.40 0.50
£ 0860 / \ \
g \ o 030 / \ 0.60
§- 0.40 0.20 / \ :,E 0.40
020 \ 010 3 \
E 0.20
0.00 . - - - - - . E
0.00 . . ' ; 50 40 -30 -20 10 00 10 20 30 40 50 0.00 - - - . - " -
0.00 020 040 06D 0.80 1.00 -40 -30 -20 -10 00 10 20 30 40 50 60
Log count/g
Proportion defective Log (arithmetic countig)
—FDF —m Prob. acceptance messssas atternative
INPUTS P(accept) ALTERNATIVE n AND ¢ P(accept)
Lot acceptance for Pd mean 1.90 Computed 5.00 % mean | 1.90 Computed 5.00 %
P(accept) sigma 0.80 Desired 5 % sigma 0.80 Target, left 5.00 %
Pd h 10 % 59.0 % m h 2 ) _ m h 2
actualPd 451 % 500 % n ] 5 P s n A 5 For any value of n
c A 0 e aneErl) c h 0 and c imputed find
the m that gives the
Find n that gives same P(accept) as
desired P(accept) the model on the
or better (less)
Sandbox: for your own calculations
FSO 3 Pireject) 95.00 %
complient 0.915255 not comply 0.084745
% 91.52551 % 8.474494 Means | Implied Acceptance level
Arithmetic (=Average) Geometric (=Median) Percentile zscore  Concentration at this percentile
4343 cfulg 796 cfulg 09 g 310 4.38
264 log cfulg 1.90 logcfu/g FSO ‘P(exceedance} target level
4.38 0000873 1.900824
This sampling plan would provide 95 % confidence that a lot of food containing a geometric mean concentration of 79.6 cfu/g and an arithmetic mean concentration of 434.3 cfu/g
(and having a standard deviation of 0.80 log cfu/g), would be rejected (i.e. more than 0 out of 5 samples having higher levels than 2 logs cfu/g)
About Technical issues Introduction 2-class enrichment 2-class counts 3-class counts 3-class mixed 2-class enrich sensspec TableSensSpec [©) [
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Example sampling plan dashboard
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Probability density function (PDF) for log counts.
Distribution mean = 1.90 and sigma = 0.80
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Example sampling plan dashboard
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Example sampling plan dashboard

INPUTS P(accept) ALTERNATIVE n AND c P(accept)
Lot acceptance for Pd mean 1.90 Computed 5.00 % mean 1.90 Computed 5.00 %
P(accept) sigma | 0.50 Desired 5 % sigma | 0.80 Target, left 5.00 %
Pd h 10 % 59.0 % m b 2 ] . m h 2
actualPd 451 % 500 % n | 5.| Find mean that gives n h 5 For any value of n
c 0 2f28 ) BEEHEL) c h 0 and c imputed find
the m that gives the
Find n that gives same P(accept) as
desired P(accept) the model on the
or better (less)
P(reject) 95.00 %
JUJ
About Technical issues Introduction 2-class enrichment 2-class counts 3-class counts )

3-class mixed

2-class enrich sensspec

TableSensSpec
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Example sampling plan dashboard

Means |

Arithmetic (=Average) Geometric (=Median)
4343 culg 796 cfulg
264 log cfu/g 1.90 log cfufg

Implied Acceptance level

FSO

Percentile z-score

Concentration at this percentile

99.d' 3.10 438
Y P(exceedance) target level
4.38 0.000973 1.900924

This sampling plan would provide 95 % confidence that a lot of food containing a geometric mean concentration of 79.6 cfu/g and an arithmetic mean concentration of 434.3 ciu/g
(and having a standard deviation of 0.80 log cfu/g), would be rejected (i.e. more than O out of 5 samples having higher levels than 2 logs cfu/g)
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Example sampling plan dashboard

This sampling plan would provide 95 % confidence that a lot of food containing a geometric mean concentration of 79.6 cfu/g and an arithmetic mean concentration of 434 3 cfulg
{and having a standard deviation of 0.80 log cfu/g), would be rejected (i.e_more than 0 out of 5 samples having higher levels than 2 logs cfu/g)

This sampling plan would provide

- 95% confidence that a lot of food containing a

- geometric mean concentration of 79.6 cfu/g and an
- arithmetic mean concentration of 434.3 cfu/g

- (and having a standard deviation of 0.8 log cfu/g),

- would be rejected

- (i.e. more that 0 out of 5 samples having higher levels than 2 logs cfu/g)
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JEMRA Sampling plan resources

https://www.who.int/foodsafety/publications
/mra 24/en/

Microbiological Criteria and

Sampling Plan analysis tool

A Microsoft Excel version can be
downloaded from: http://fao.orqg/2/{jABhk
and
http://www.who.int/foodsafety/publications/
mc-tool.xIsx

Full playlist available at
https://www.youtube.com/playlist?list=PLzp
5NgJ2-dK5pegu aAO0rOITUfiM8Z7EI
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http://fao.org/2/jABhk
http://www.who.int/foodsafety/publications/mc-tool.xlsx
https://www.youtube.com/playlist?list=PLzp5NgJ2-dK5pegu_aA0r0lTUfjM8Z7El
https://www.who.int/foodsafety/publications/mra_24/en/

Summary

 The ICMSF Sampling plan tool has
been created to support users to
Interpret and establish Microbiological
Criteria and sampling plans

 More information in Books 7 and 8

o Other video-clips in the ICMSF playlist
present further context to the tool as
well as details of its utility and
functioning

For more information, see www.icmsf.org
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