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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO

collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The B
desc

Hatenance are
ded for the

different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh“patent rights. Details of

any

on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any

constitute an endorsement.

For

patent rights identified during the development of the document willbe in the Introdug¢tion and/or

frade name used in this document is information given for the-éonvenience of users gnd does not

in explanation of the voluntary nature of standards;, the meaning of ISO specifi¢ terms and

exprgssions related to conformity assessment, as well ‘as’information about 1SO’s adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/

iso/fpreword.html.

This|document was prepared by Technical Committee ISO/TC 34, Food products, Subcommittee SC 9,

Micrebiology.

This|first edition cancels and replaces.ISQ/TS 19036:2006, which has been technically reyised. It also
incoifporates the amendment ISO/T$19036:2006/Amd.1:2009. The main changes compated with the

prevjous edition are as follows:

Any

provision has been made(for the estimation of technical uncertainty, and also for other relevant
gources of uncertainty involved in quantitative microbiological tests, relating to:

+ the matrix uneertainty (i.e. the uncertainty due to dispersion of microbes within the actual test
matrix);

+ the Poisson uncertainty that relates to colony count techniques;

1+ theegoiifirmation uncertainty associated with tests to confirm the identity of specific organisms
following a count for presumptive organisms;

the experimental design for the estimation of intralaboratory reproducibility standard deviation
described in this document in connection with the technical uncertainty is now the same as the
design described in ISO 16140-3 for the verification of quantitative methods;

worked examples have been added to illustrate ways in which uncertainty estimates should be
generated and reported;

annexes have been added to provide details of some of the important, or alternative, procedures and
issues associated with uncertainty estimation.

feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The term “measurement uncertainty” (MU) is used to denote the lack of accuracy (trueness and
precision) that can be associated with the results of an analysis. In the context of quantitative
microbiology, it provides an indication of the degree of confidence that can be placed on laboratory
estimates of microbial numbers in foods or other materials.

ISO/IEC Guide 98-3 (also known as the “GUM”) is a widely adopted reference document. The principal
approach of ISO/IEC Guide 98-3 is to construct a mathematical or computer measurement model that
quantitatively describes the relationship between the quantity being measured (the measurand) and

HPPIP ST TT] TS P21 MR S0~ DX S0 P £ T7C 2O T PP G P 2 D Tl ot o oo cr o and o o d ] Laxn 1. 2| 2|
eVGI‘y quantlt_y OTT VW ITICTT lt TCPTIIaS \ux})ut Hualltltl\.o}. T uat TIICasSour \.ul\.ut TITotCcTTS tu\.u oaSTTr tu TrQ duce

the uncertainty in the measurand from the uncertainties in the input quantities.

ISO/IEC Guifle 98-3 recognizes that it might not be feasible to establish a comprehensive miathemdtical
relationship between the measurand and individual input quantities and that in such cas€sthe eff¢ct of
several inpyt quantities can be evaluated as a group. ISO/IEC 17025 also recognizes-that the natyre of
the test method can preclude rigorous calculation of measurement uncertainty.

In the case [of the microbiological analysis of samples from the food chain, if44s'not feasible to puild
a comprehepsive quantitative measurement model, since it is not possibleito*quantify accurately the
contribution of each input quantity, where:

— the analyte is a living organism, whose physiological state can bélargely variable;
— the analytical target includes different strains, different spegcies or different genera;
— many iffput quantities are difficult, if not impossible, to:uantify (e.g. physiological state);

— for manjy input quantities (e.g. temperature, water activity), their effect on the measurand cannlot be
described quantitatively with adequate precision:

For the reaspns given above, this document mostly uses a top-down or global approach to MU, in which
the contribytion of most input quantities is estimated as a standard deviation of reproducibility af the
final result pf the measurement process, calculated from experimental results with replication qf the
same analydes, as part of the measurement process. These quantities reflect operational variability and
result in teg¢hnical uncertainty. In fogdyehain quantitative microbiology, assigned values or refefence
quantity values are usually not avdilable so bias (which quantitatively expresses the lack of trueness)
cannot be re¢liably estimated and(i$not included in the uncertainty estimated by this document.

While repraducibility provides a general estimate of uncertainty associated with the measurement
method, it might not reflect characteristics associated with matrix uncertainty, resulting from the
distribution|of microorganisms in the food matrix.

Also, microbiologieal ‘measurements often depend on counting or detecting quite small numbdrs of
organisms thatare more or less randomly distributed leading to intrinsic variability between replifates
and a corre pondlng dlstrlbutlonal uncertalnty For colony-count technlques the P01sson uncertai
is determine '
used to identify isolated organisms. An addltlonal uncertalnty component is also requlred for most
probable number (MPN) determinations. Relevant distributional uncertainty components, estimated
from statistical theory, are calculated from individual experimental data.

These three different kinds of uncertainty (technical, matrix and distributional uncertainties) are
combined using the principles of ISO/IEC Guide 98-3. This approach is similar to that followed by
ISO 29201 in the field of water microbiology.

Technical uncertainty is often the largest of these three kinds and is estimated from a reproducibility
standard deviation, which inevitably includes some contributions from the other two kinds. The
preferred estimate of technical uncertainty is based on intralaboratory reproducibility, in the same
way as ISO 16140-3. If consistent with laboratory protocols and client requirements, a general value of
uncertainty may be reported as based only on a reproducibility standard deviation.

vi © IS0 2019 - All rights reserved
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Microbiology of the food chain — Estimation of
measurement uncertainty for quantitative determinations

1 Scope

This document specifies requirements and gives guidance for the estimation and expression of

meagurentent uncertainty (M) associated withrquantitative Tesutts i microbiotogy of thg food chain.

It is dpplicable to the quantitative analysis of:
— products intended for human consumption or the feeding of animals;
— ¢nvironmental samples in the area of food production and food handling}

— gamples at the stage of primary production.

The fluantitative analysis is typically carried out by enumeration ef\microorganisms using a colony-
counft technique. This document is also generally applicable to other quantitative analyses, [including:

— 1nost probable number (MPN) techniques;
— instrumental methods, such as impediometry, adenosine triphosphate (ATP) and flow ¢ytometry;
— 1nolecular methods, such as methods based on gquiantitative polymerase chain reaction|(qPCR).

The fincertainty estimated by this document dogs’not include systematic effects (bias).

2 Normative references

Therge are no normative references in‘this document.

3 Terms, definitions and symbols

3.1 | Terms and definitions
For the purposes®fthis document, the following terms and definitions apply.
ISO gnd IEC maintain terminological databases for use in standardization at the following dddresses:

— ISOAOnline browsing platform: available at https://www.iso.org/obp

3.1.1

sample

<general> one or more items (or a proportion of material) selected in some manner from a population
(or from a large quantity of material) intended to provide information representative of the population,
and, possibly, to serve as a basis for a decision on the population or on the process which had produced it

[SOURCE: ISO/TS 17728:2015, 3.2.2, modified — Note 1 to entry has been deleted.]

3.1.2
laboratory sample
sample (3.1.1) prepared for sending to the laboratory and intended for inspection or testing

[SOURCE: ISO 6887-1:2017, 3.1]

© IS0 2019 - All rights reserved 1
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3.1.3

test sample

sample (3.1.1) prepared from the laboratory sample (3.1.2) according to the procedure specified in the
method of test and from which test portions (3.1.4) are taken

Note 1 to entry: Preparation of the laboratory sample before the test portion is taken is infrequently used in
microbiological examinations.

[SOURCE: ISO 6887-1:2017, 3.4]

3.1.4

test portio
measured (Yolume or mass) representative sample (3.1.1) taken from the laboratory sample (3¢t.2) for
use in the preparation of the initial suspension

Note 1 to entl'y: Sometimes preparation of the laboratory sample is required before the test portien-s takep, but
this is infrequiently the case for microbiological examinations.

[SOURCE: IS0 6887-1:2017, 3.5]

3.1.5
measurand
particular quantity subject to measurement

[SOURCE: ISO/IEC Guide 98-3:2008, B.2.9 modified — The example‘and the Note 1 to entry have jpeen
deleted.]

3.1.6

trueness
measurement trueness
closeness of agreement between the average of an ihfinite number of replicate measured quantity
values and 4 reference quantity value

Note 1 to entfy: Trueness is not a quantity and thus.eannot be expressed numerically, but measures for closeness
of agreement]are given in ISO 5725 (all parts).

Note 2 to enfry: Trueness is inversely related to systematic measurement error, but is not related to rahdom
measurement error.

Note 3 to entty: “Measurement accuracy” should not be used for “trueness” and vice versa.

[SOURCE: I$O/IEC Guide 99:2007, 2.14, modified — The preferred term has been changed [from
“measureme¢nt trueness’4o.*trueness”.]

3.1.7
bias
measurementbias

estimate of f Systematic measurement error

[SOURCE: ISO/IEC Guide 99:2007, 2.18, modified — The preferred term has been changed from
“measurement bias” to “bias”.]

3.1.8

intralaboratory reproducibility

intermediate precision

closeness of agreement between test results obtained with the same method on the same or similar test
materials in the same laboratory with different operators using different equipment

[SOURCE: ISO 8199:2018, 3.6]

2 © IS0 2019 - All rights reserved
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3.1.9

measurement uncertainty

MU

parameter, associated with the result of a measurement, that characterizes the dispersion of the values
that could reasonably be attributed to the measurand (3.1.5)

Note 1 to entry: The parameter may be, for example, a standard deviation (or a given multiple of it), or the half-
width of an interval having a stated level of confidence.

Note 2 to entry: Measurement uncertainty comprises, in general, many components. Some of these components
may be evaluated from the statistical distribution of the results of a series of measurements and can be
characterized by experimental standard deviations. The other components, which also can be characterized
by stpndard deviations, are evaluated from assumed probability distributions based on expenignce or other
information.

Note |3 to entry: It is understood that the result of the measurement is the best estimate"of theg value of the
measpurand and that all components of uncertainty, including those arising from systematic effects, such as
compjonents associated with corrections and reference standards, contribute to the dispersion.

[SOURCE: ISO/IEC Guide 98-3:2008, 2.2.3, modified — The preferred ferm has been changed from
“uncertainty of measurement” to “measurement uncertainty”.]

3.1.10
stanfdard uncertainty
u
unceftainty of the result of a measurement expressed as a standard deviation

[SOURCE: ISO/IEC Guide 98-3:2008, 2.3.1, modified — THe symbol has been added.]

3.1.11
combined standard uncertainty
()
standard uncertainty (3.1.10) of the resultof ameasurement when that result is obtained from the values
of a jumber of other quantities, equal te'the positive square root of a sum of terms, the teris being the
varignces or covariances of these other quantities weighted according to how the measur¢ment result
varigs with changes in these quantities

[SOURCE: ISO/IEC Guide 98-3:2008, 2.3.4, modified — The symbol has been added.]

3.1.12
expdnded uncertainty.
U
quarftity defining.an’interval about the result of a measurement that may be expected to ¢ncompass a
largd fraction-efithe distribution of values that could reasonably be attributed to the measujand (3.1.5)

Note [l to entty: The fraction may be regarded as the coverage probability or level of confidence of the interval.

Note R'to’entry: To associate a specific level of confidence with the interval defined by the expandegl uncertainty
requires explicit or implicit assumptions regarding the probability distribution characterized by the
measurement result and its combined standard uncertainty (3.1.11). The level of confidence that may be attributed
to this interval can be known only to the extent to which such assumptions may be justified.

Note 3 to entry: An expanded uncertainty U is calculated from a combined standard uncertainty u.(y) and a
coverage factor k (3.1.13) using:

U=kxu(y)

[SOURCE: ISO/IEC Guide 98-3:2008, 2.3.5, modified— The symbol has been added and Note 3 to entry
has been replaced.]
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coverage factor

k

number larger than one by which a combined standard uncertainty (3.1.11) is multiplied to obtain an
expanded uncertainty (3.1.12)

[SOURCE: ISO/IEC Guide 98-3:2008, 2.3.6, modified— The symbol has been added and the definition
has been reworded.]

3.1.14

technical uncertainty

uncertainty
procedure

Note 1 to enty
(3.1.4) taken
includes the ¢

Note 2 to ent

3.1.15

matrix unc
uncertainty
laboratory s

3.1.16

distributio
uncertainty
the sample (|

Note 1 to e
distribution.
differ from tH

Note 2 to ent

3.2 Symb

For the pury

2C
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y: Technical uncertainty includes the variability of the taking, mixing, and dilution of the test pq

ffects of variability in incubation and media.

ry: Adapted from 1SO 29201:2012, 3.4.2.

prtainty
resulting from the extent to which the test portion (3.1.4) is\iot truly representative g
nmple (3.1.2)

hal uncertainty
3.1.1), the initial suspension and subsequent dilutions
htry: In microbiological suspensions, intrinsic variability is usually modelled by the P9

e Poisson distribution.

ry: Adapted from 1SO 29201:2012, 3.4.3.

ols

oses of this documeiit)the following symbols apply.

for colony-countiethods, total number of counted colonies used to calculate the
measurementresults

for colotiy-count methods with partial confirmation, number of presumptive colonies
tested,.and number of confirmed colonies, respectively

tical

rtion

from the laboratory sample (3.1.2) to prepare the initial suspension and subsequengdilutions. Iit also

f the

resulting from intrinsic variability associated with the distribution of microorganisins in

isson

When partial confirmation is practised orthé MPN principle is used, the resulting distributiof may

reproducibility standard deviation

SIR:corr

Sr

ST‘:COI‘I‘

S,

unwanted

u

intralaboratory reproducibility standard deviation

intralaboratory reproducibility standard deviation, corrected by subtraction of matrix and

distributional components

repeatability standard deviation

repeatability standard deviation, corrected by subtraction of distributional components

sum of squares of unwanted components

standard uncertainty
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Ugistrib distributional standard uncertainty

Utech technical standard uncertainty

Uconf confirmation standard uncertainty

Upatrix matrix standard uncertainty

UpmpN most probable number standard uncertainty
Uynwanted  Standard uncertainty of the unwanted component
Upoiston Poisson standard uncertainty

u.(y) combined standard uncertainty (of output estimate)
k coverage factor

U expanded uncertainty (of output estimate) = k x u.(y)
4 General considerations

MU gssociated with any measurement value includes multiple-components.

As injdicated in the Scope (see Clause 1), the uncertainty, estimated by this document does

not include

contfibutions from systematic effects (bias). In food chain quantitative microbiology, assigned values

or reference quantity values are usually not available'So bias cannot be reliably estimated.

This

— fechnical uncertainty;

Techpical uncertainty arises.from operational variability and is estimated, using a glob
from|a reproducibility standard deviation of the final result of the measurement process (s

This

than|by calculation usingestimates of uncertainty at every individual stage of the test.

Matrn

(see

Even| fop homogeneous materials, the random distribution of microorganisms leads to di

document considers three distinct types of uncertainty component:

Iuatrix uncertainty;
i

stributional uncertainty.

global approach means'that the technical uncertainty estimate comes from final test rg

Clause.6).

hl approach,
pe Clause 5).
sults rather

ix uncertaintyvarises from imperfect mixing of the laboratory sample, resulting in poor
reproducibility 'of'microbial levels between test portions, which can be large for solid m
espefially for. composite food products. Matrix uncertainty is estimated for each kin

atrices, and
d of matrix

stributional

uncertainty (see Clause 7), of which three potential kinds are considered in this document. The
relevance of each depends on the method used:

The

for colony-count techniques:

— Poisson uncertainty (see 7.2);

— confirmation uncertainty (see 7.3);

for MPN techniques: MPN uncertainty (see 7.4).

uncertainty for each distributional uncertainty source is estimated mathematically.
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This document presents two options for estimating the combined uncertainty for a reported

measurement.

a) Technical, matrix and distributional uncertainty components for a reported value may be estimated
separately from each other (see Clauses 5, 6 and 7), after which the three components are combined
(see 8.1.2).

b) A general value of uncertainty may be reported as based only on a reproducibility standard
deviation, if consistent with laboratory protocols and client requirements (see 8.1.3). Technical
uncertainty is indeed often the largest of the three uncertainty components.

5 Technjcal uncertainty

5.1 Identification of main sources of uncertainty

5.1.1 Genleral aspects

It can be hg
stagesinan

Figure 1 shg

taking 3
prepard
serial d
inoculaf
incubat
countin

confirm

Ipful to consider the sources of technical uncertainty usually assoeiated with the main
hicrobiological method. Typical sources for colony-count or MPN techniques are:

test portion from the laboratory (or test) sample;
tion of the initial suspension;

lution;

ion;

on;

o of colonies in a colony count techniqueyand/or detection of growth (asin a MPN technique);
ation (if appropriate).

ws the main sources of uncertainty in food chain microbiology considered in this docurent.
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® these factors are not covered by this‘document

Figure 1 — Main sources of uncertainty in food chain microbiology covered in this locument

5.1.2 Sampling uncertainty

Sampling uncertainty, i€serror associated with the drawing of the laboratory sample from a lot under
invegtigation, can cofitribute significantly to the overall error[18], but it is not part of the|uncertainty
linkdd to the measfirément itself and is not covered by this document.

Matrfix uncertainty that arises from the inability of the test portion to perfectly fpepresent a
hetefogeneeus’laboratory sample or test sample is covered in Clause 6. The extent of such Inability can
depend en\the size of the test portion taken for examination (see ISO 6887-1).

5.1.3 Bias

As indicated in Clauses 1 and 4, MU estimated by this document does not include contributions from
systematic effects that is bias.

5.1.4 Critical factors

Examples of critical technical factors that can influence uncertainty and need to be controlled include:
the source and type of culture media and/or other reagents (such as the ones used for confirmation),
the dilution, inoculation and incubation procedures, the counting techniques (manual or automated),
and changes to the operator or group of operators, etc.

© IS0 2019 - All rights reserved 7
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5.2 Estimation of technical uncertainty

5.2.1 Gen

eral aspects

Technical uncertainty is estimated from the standard deviation of reproducibility, sp, on the final
result of the measurement process. As such, technical uncertainty is a characteristic of the method and

technical un

certainty estimated for one method cannot be applied to other methods.

Ongoing estimation of MU should be made to show that the estimate of uncertainty remains relevant
and that the test results are under control. Reassessment of MU estimate shall be made following
changes to any (critical) factor (see 5.1.1 and 5.1.4) that is likely to affect the results obtained with that

method in a

Three diffeq
of reproduc
preference d

option 1

option ]
5.2.3.1)

option
5.2.3.2)

5.2.2 Rep

5.2.2.1 G

Option 1, in
enables a lalf

The experimental protocol described in this-clause should take into account as many as possible d

uncertainty
5.2.2.2 Ex

5.2.2.2.1

The protocd
for which th
test portion

For each tes

hy significant way.

ent possibilities are presented in this document for estimation of the standard.devi
bility. They are based upon repeated measurements of nominally identicalimaterial
rder is as follows:

:intralaboratory reproducibility, i.e. reproducibility estimated within alaboratory (see 5

p: reproducibility derived from results of a method validation interlaboratory study

B: reproducibility derived from results of an interlaboratory proficiency test (PT)

roducibility standard deviation derived from intralaboratory experiments, s,

bneral aspects

tralaboratory reproducibility, is the preferred option for deriving technical MU siy
oratory to attach the MU value to the résults that it reports, in line with the definition o

sources identified in (see 5.1).
perimental protocol

General aspects

| for analysis.6f exactly two test portions for each laboratory sample is shown in Figu
e corresponding calculations are provided in 5.2.2.3. For other cases (i.e. more tharj
5 for someéor all laboratory samples), the protocol and calculations are given in Annex

t method, perform the experimental protocol of Figure 2 for at least ten laboratory sar

htion
The

12.2);

(see

(see

ce it

f MU.

f the
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and repeat

it'to give at least two acceptable results for each laboratory sample. 5.2.2.3.1 pro
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amples and/or more than two test portions for each laboratory sample.

1 ten

The data from different laboratory samples are collected over a period of time as part of a special
exercise or as part of a laboratory’s routine quality management procedure. In that case, it should be

ensured tha

t the experimental design principles in this clause are followed.
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Analysis
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Result B
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.2.2 Choice‘oflaboratory samples

estimation( of intralaboratory reproducibility is designed to exclude contriby
rogeneityzwithin the laboratory sample, so it is not necessary to repeat this estimation

ices, and this estimate may be based on a single matrix.

The

alculation (cnn 522 '2) uses ]ng_fr::ncfnrmpr] datatonormalize the infr:\]qhnr::fnry reg

Figure 2 — Experimental protocol for estimation of intralaboratory reproducibilit
determinations on each laboratory sample

\
/

y — Two

Iitions from
for different

roducibility

variance, so it is not necessary to repeat the experimental protocol for different contamination levels.
However, where possible, the laboratory samples should be chosen to cover the expected natural
variation in contamination levels.

5.2.2.2.3 Samples from interlaboratory proficiency tests

If a laboratory participates in interlaboratory PTs, the results of that laboratory’s analyses may be used
to contribute to the intralaboratory reproducibility estimate of uncertainty, provided that:

a) the PT samples are representative of routine samples analysed by the laboratory (matrix type, test
portion size);
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and

b) the laboratory carries out estimates on two, or more, test portions under different measurement
conditions, as indicated in 5.2.2.2.6.

However, if the intralaboratory reproducibility estimates from PT samples differ widely from in-house
estimates on real samples of a similar type, the differences shall be recognized and recorded since they

can reflect differences in the matrix and microbial inoculum used in the PT samples.

5.2.2.2.4 Preparation of laboratory sample

In order to
in cases wh
possible. La
portions:

non-vis

minced
meat, sa

Prior to dr4
appropriate
[SO 6887 (al

5.2.2.2.5

Take at leas

5.2.2.2.6

If artificial g
preparation

Perform the
dilutions, in

The measur]
two test po
variations i
one day to §
of culture n
analysis, etd
As the contd

minimize nratrixumncertainty —contr thutions—thetabor atory acuup}c orthetest—sa
ere the laboratory sample is too big to homogenize, should be made as homogeneo
boratory samples that comprise the following should be mixed well prior to dawing

cous liquids and powders (e.g. milk, coconut milk, dried milk);

finely chopped solids or suspensions/emulsions (e.g. minced meat, ntechanically sepa
usage meat, crushed meat, whipped cream, dairy ice cream, soya éream).

wing test portions, other laboratory samples or test sample$_should be mixed usiy
homogenization procedure. For possibilities suited to eaelf.type of sample materia
| parts).

[est portions

f two test portions from each laboratory (or test)'sample to allow repeated measuremg

nitial suspension, artificial contamination (if needed) and conditions of analysis

ontamination is required, perform itin the initial suspension. Detailed procedures f9
of artificially inoculated food are'described in ISO 16140-3.

analyses on each test portion.as in routine testing (e.g. preparation of one series of de(
pculation of one or two plates per dilution).

ement conditions A and.B for the two test portions (see Figure 2, or Annex A if more

h all relevant soupces of technical uncertainty (see 5.1) as could be encountered
inother within, the laboratory. These will typically include, but not be limited to, ba

. If possible, the two test portions should be tested by at least two different technig
imination of the food sample is rarely stable in food chain microbiology, the measure

repetitions

on more than‘ene day only if contamination levels can be shown to be stable.

bhould be done within a short period of time on a single day. Repetitions may be perfo

nple,
IS as
r test

rated

g an
, see

ents.

r the

imal

than

Ftions are examined)-should differ in as many ways as possible. Ideally, include as fnany

from
Fches

edia, reagents and membrane filters, vortex or other mixer, pH meter, incubators, time of

ians.
ment
‘med

The pattern of variation should not be the same for all laboratory (test) samples. For example,
if sample 1 is tested by technician A using media batch B on day 1, then sample 2 should vary this
pattern, e.g. sample 2 is tested by technician A using media batch A on day 1 or on day 2. The objective
is to maximize the variation between repeated measurements while maintaining, at the same time, a
realistic representation of the laboratory’s operations.

5.2.2.3 Calculations

5.2.2.3.1 Acceptable results

For colony count techniques, ensure that a sufficiently large number of counted colonies can be used for
the calculations. Enumeration results based on less than 30 counted colonies should be excluded as well
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as counts above the maximum number per plate (in most cases 300 cfu/plate or lower as specified in
the specific standard).

NOTE1 The limit of 30 colonies relates to the sum of the total numbers of counted colonies on all retained
plates, XC, for a single result.

NOTE 2  The limit of 30 colonies is specific to this experimental protocol for estimating the standard deviation
of intralaboratory reproducibility (i.e. experiments aiming specifically to assess the uncertainty) and not the use
of this standard deviation to assess MU for new samples (see Clause 8).

For methods including partial confirmation, any results for which less than half of the colonies tested
were confirmed should be excluded, i.e. it is recommended to exclude results for which n, < n,/2 (see 7.3

for the symbols).

For |
nega
excly

NOTH
fora
num}i

5.2.2

In ad
port

This

Refer

each
laboj

For t

the r

repr

fl\

whet

MPN-based methods, where a single measurement result arises from a number of]
Live test results, measurement results based on less than five positive test.resulf
ded from the calculation of intralaboratory reproducibility.

3
bingle measurement result. This limit does not depend on the number of negative test results, d
er of test results.

.3.2 Intralaboratory reproducibility standard deviatiof

cordance with normal practice in food chain microbiolégy, transform the result frg
on in cfu/g or ml into log;, cfu/g or ml before calculations are done.

subclause describes the calculation procedure forexactly two values from each labora

to Annex A for the calculation procedure to be used when there are more than two
laboratory sample. Annex A also provideszan alternative calculation for two value
atory sample.

he n (at least 10) laboratory samples-from a given implementation of the protocol (
esults (y;4 and y,g) for each ,ofithe test portions are used to calculate the inty
pducibility standard deviation, s;p/as shown in Formula (1):

n

Z Yia— le

i=1

1
2n

is the index of the sample, i=1 to n (n = 10);

14, Vip <—are the log-transformed data, in log;, cfu/g or ml, from conditions A and B req

<ample of the manual calculatlon is given in Table 1. Calculations were performed inE

positive or
s should be

The limit of five positive test results relates to the sum of positive results across all dilutions tested

r on the total

m each test

tory sample.
values from
s from each

see 5.2.2.2),
alaboratory

M)

pectively.

xcel®1) from

for dlsplay, but accuracy was kept in the calculatlons w1thout roundmg

ben rounded

1) Excel is the trade name of a product supplied by Microsoft. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products
may be used if they can be shown to lead to the same results.
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Table 1 — Calculation of intralaboratory reproducibility standard deviation — Example of
enumeration of aerobic mesophilic flora in mixed poultry meat with one replicate at each of two
dilutions tested

Total Colony count
Laboratory | Test | Dilution factors (d) . resultin cfu/gorml | log,,cfu/g | Difference Squared
. . colonies - .
sample portion | Colonies counted (C) weighted mean or ml logy, cfu difference
counted
(see ISO 7218)
i j d G | dy G| ZG Xjj Yij=logioxy) | Yia-Vis Wia_Yin)*
1 A 3 102| 4 110 1,0 x 105 5,0000
0,242 1 0,058 6
1 B 3 59 4 63 5,7 x 10* 4,757 9
2 A 5 61 6 67 6,1 x 100 6,784 7
—-0,0432 0,001(9
2 B 5 66 | 6 74 6,7 x 100 6,827 8
3 A 4 168 5 18 186 1,7 x 106 6,228 1
0,301 0 0,090 6
3 B 4 86| 5 7 93 8,5 x 105 59271
4 A 5 266| 6 25 291 2,6 x 107 7,422 5
0,2708 0,0733
4 B 5 140| 6 16 156 1,4 x 107 71517
5 A 6 45 7 5 50 4,5 x 107 7,657 6
0,540 6 0,292 3
5 B 5 129| 6 15 144 1,3 x 107 7,117 O
6 A 4 129 5 12 141 1,3 x 106 6,107 8
0,045 4 0,001
6 B 4 117 5 10 127 1,2 x 106 6,062 4
7 A 2 92 3 8 100 9,1 x 103 39586
-0,158 4 0,0251
7 B 2 131 3 13 144 1,3 x 104 4,117 0
8 A 3 139| 4 13 152 1,4 x 103 5,140 5
-0,016 8 0,000 3
8 B 3 143 | 4 15 158 1,4 x305 5,157 3
9 A 1 49| 2 5 54 4195102 2,691 0
-0,4199 0,176/3
9 B 1 129 2 13 142 1,3 x 103 3,1109
10 A 4 142 5 13 155 1,41 x 106 6,148 9
0,787 2 0,619(7
10 B 3 227 4 26 253 2,30 x 105 5,3617
sum = 1,340 1
1,340 1/(2x10)=  0,0670
s;p=v0,067= 0,2589
c
x;; are the calqulated colony counts gntest portions, e.g. x1p = 1091 21% =103 % =103x57,3=5,73x10*.
Annex A degcribes the caletilations for the general case of more than two values from each laboratory
sample and plso illustrates how the calculations may be performed using analysis of variance (ANJOVA)
in the generpl case.0f two and more values from each laboratory sample.
NOTE Tlte teproducibility standard deviation inevitably includes any of the matrix and distributional
components felevant to the reproducibility data. If uncertainty of a test result is calculated by combining this

reproducibility standard deviation with matrix and distributional components relevant to the test result, there
will be an overestimate of uncertainty. The laboratory can choose to avoid this overestimation, at the expense
of more complicated calculations, by subtracting any of the relevant matrix and distributional uncertainty
components from the reproducibility standard deviation. This optional alternative approach is described in
Annex D, to give a corrected standard deviation, $;. o
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5.2.3 Reproducibility standard deviation derived from interlaboratory studies

5.2.3.1 Interlaboratory method validation studies

5.2.3.1.1 General aspects

Where a method used by a laboratory has been submitted to an interlaboratory validation study, the
laboratory may use the reproducibility standard deviation of the method as an estimate of its technical
MU, subject to the following condition: the repeatability and reproducibility estimates of precision
attained by measurements within the laboratory shall not be larger than the corresponding values
obtaj i i

5.2.3.1.2 Use in food microbiology

Limitations to the use of interlaboratory method validation studies tg-e€stimate technical
are summarized below.

eproducibility parameters derived from interlaboratory,“method validation stud
vailable for all methods.

he extent to which taking the test portion and prepa¥ation of the initial suspension inc

recision values from an interlaboratory method validation study will have been obt
imited and precisely defined conditions. Combinations of matrix, strain of test mic
ontamination level, stress treatment, etc. are used to provide homogeneous and s
amples for interlaboratory studies with or without a defined background microflorg
atural variation in sample contamifiation that may be found in practice is reduced, the
o an under-estimate of the undeptainty. So, even if reproducibility data are availab
ifficult to generalize from agtificial trials to routine analyses performed by the labor

t is unlikely that adequate._detail is available to correct the reproducibility standard ¢
nwanted uncertainty.components, in accordance with Annex D.

For these reasons, the\use of the reproducibility standard deviation from an interlabot
of the method is only-a second option, after reproducibility standard deviation from inty
expefriments (see5.2.2).

5.2.3.2 Interlaboratory proficiency tests

For yncertainty estimation, the estimate of reproducibility derived from participants in :

ty estimate
in detail in

uncertainty

ies are not

udes matrix

ffects will depend on the experimental design of the interlaboratory method validatign study.

nined under
roorganism,
tandardized
. Hence, the
reby leading
e, it may be
ory.

eviation for

atory study
alaboratory

» PT may be

used

oTrTtoreIoTT

— When the same method has been used by all participants in a PT, a participant whose result was
assessed as satisfactory by the PT organizer may estimate technical uncertainty as the standard

deviation of all results assessed as satisfactory by the PT organizer.

— Asfor 5.2.3.1, the extent to which taking the test portion and preparation of the initial suspension

includes matrix effects will depend on the PT experimental design.

— Asfor 5.2.3.1, reproducibility values from a PT will have been obtained under limited a

nd precisely

defined conditions. Combinations of matrix, strain of test microorganism, contamination level,
stress treatment, etc. are used to provide homogeneous and standardized samples for PT with or
without a defined background microflora. Hence, the natural variation in sample contamination
that may be found in practice is reduced, thereby leading to an under estimate of the uncertainty.
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— Asfor 5.2.3.1, it is unlikely that adequate detail is available to correct the reproducibility standard
deviation for unwanted uncertainty components, in accordance with Annex D.

Therefore, it can be difficult to generalize from artificial trials to routine analyses performed by the
laboratory.

Given these limitations, the use of the reproducibility standard deviation from an interlaboratory PT
is only a third option, after reproducibility standard deviation from intralaboratory experiments (see
5.2.2) and reproducibility standard deviation from an interlaboratory study of the method (see 5.2.3.1).

When this option is followed, care shall be taken that the standard deviation used is that of the PT
n for

participantc' results as described above This normally differs from the standard deviatio

proficiency

However, a
test portion
intralaborat

6 Matri

6.1 Gene

A test result
the term “m
the variatio
reflects the
sample. Mat
this docum

hssessment used to calculate z-scores (a performance statistic defined in ISO 135287

b described in 5.2.2.2.3, results obtained in a laboratory by analysis of af)least
s of an interlaboratory PT sample may be included in that laboratory’s.assessme
ory reproducibility.

K uncertainty

ral aspects

two
nt of

can be affected by both matrix composition and microbial’distribution. In this document,

atrix uncertainty” refers only to the effects of microbial distribution in a given matri
h between results from different test portions takenfrom the same laboratory samy
extent to which the individual test portions are nottrepresentative of the overall labor
rix uncertainty differs from sampling uncertainty (see 5.1.2), which is not cover

used. This

uncertainty| contribution for all quantitative tests.in this matrix. Consideration should also be §

!

to the distribution of the different types of micreerganisms in the sample and the sample history

whether the

If the mate
matrix uncd
contaminati
be highly he
for multi-co
It can also

vegetables.

portion (see

ent. The matrix uncertainty is regarded as’being independent of the analytical mg
eans that the matrix uncertainty estimated for a matrix can be applied as the m

sample was contaminated afterproduction).

rial is effectively homogeneous, such as well-mixed liquids (milk, water, drinks)
rtainty is expected to be"small. However, it is well knownl1Z] that the natural micn
on of certain food products (especially solid, processed, or fermented products, etc.
terogeneous and this ¢an contribute a large uncertainty component. This is especially
mponent products with several distinct parts, such as pizzas or ready-to-eat cooked nj
ccur with other-<foods including powders (e.g. dried milk powder), cheeses and fres
For such heteregeneous materials, the uncertainty can be reduced by taking a largej
[SO 6887-1)-

If the comp
the applica

similar materials; e.g. direct enumeration of sub-lethally damaged organisms in processed foods

{ility of the intralaboratory reproducibility value should be considered as restrictg

sition*of*the material is likely to affect substantially the performance of the method,

X, 1.e.
le. It
ntory
ed in
thod
atrix
riven
(e.g.

the
obial
can
true
eals.
h-cut
test

then
bd to
or in

plant hygiene samples; see also ISO 6887-1.

See Annex B for more details.

Three approaches are described in 6.2 to 6.4 for estimating matrix uncertainty:

uncerta

inty is expected to be small, and a fixed (minimum) value can be used;

sample variance can be determined (see 6.3);

be estimated from prior knowledge (see 6.4).

14

use of a fixed value (see 6.2): for well-mixed homogeneous laboratory (or test) samples, the matrix

examination of multiple test portions from laboratory (or test) samples from which the within-

relevant characteristics of the matrix and method are well known and the matrix uncertainty may
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6.2 Case of homogeneous laboratory (or test) sample

Experience indicates that liquids (thin, non-viscous fluids) are regarded as being homogeneous and
thus have a relatively low matrix uncertainty, typically u,...ix = 0,1 log;, cfu/g or ml derived from
experiments reported in Reference [14] (freely available for download at http://standards.iso.org/iso/
19036). However, in some cases, matrix uncertainty of such materials can be larger.

Provided that the whole of the laboratory sample can be made homogeneous before taking the
test portion, then the matrix uncertainty can be taken at a fixed value of u, .., = 0,1 log;,[4l.
Homogenization may include treatment using, for example, a rotating knife blade, a peristaltic paddle
system or an ultrasonic system (e.g. a Pulsifier®32)). Advice on homogenization techniques is given in
ISO G887t amd1S0-7218:

6.3 | Multiple test portions from laboratory samples

Matrjix uncertainty may be estimated as the within-laboratory-sample repeatability standafd deviation,
by amnalysing multiple test portions in repeatability conditions from one or more laborat¢ry samples,
using the experimental design in Figure 3.

Laboratory sample

Y

Test sample

___________________ i D |
| |
y | A | \
| |
Test portion Test portion | Test portion | etd

y Yy | S

|
Initial suspension Initial suspension ! Initial suspension |

A

| |

| |
Analysis Analysis ! Analysis !
q======- |
|
L v SU A

’ N

Result Result : Result I

% )

< Pnppafnhi]ify conditions \

Figure 3 — Experimental design to estimate matrix uncertainty from at least two test portions
from each laboratory sample — Design for each laboratory sample

This estimate unavoidably leads to an overestimate of matrix uncertainty since it includes some
technical uncertainty components due to operational variation between the repeated analyses. To
minimize this overestimation, the repeated analyses from a single laboratory sample are performed

2) Pulsifier is the trade name of a product supplied by Microgen. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products
may be used if they can be shown to lead to the same results.
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under conditions as similar as possible, i.e. under “repeatability conditions”. Conditions may vary
between laboratory samples.

Use naturally contaminated samples, since artificial contamination is unlikely to reflect real matrix
uncertainty. Because matrix uncertainty is regarded as independent of measurand and of test method
used, measurands should be chosen for which naturally contaminated samples are likely to be found.
Total mesophilic aerobic count, Enterobacteriaceae or thermophilic spore-forming microorganisms can
all be good choices as the test to be applied.

All the test portions may come from one laboratory sample. This can be especially appropriate when
a new matrix is analysed, i.e. a matrix not of the same type as those assessed previously. See 6.4 for

guidance w

Alternativel
period of tin

In all cases,
of test porti

2 testp

11 test
Refer to 5.2,

colony (

method

MPN-b4g

il H deaas £l i
CITI CUIISIUCTT llls ITIdLIICT S UT LT S5AdIIlIT Ly lJC-

, test portions may come from multiple laboratory samples, which may be analysed o
e so as to give a more generally applicable estimate of matrix uncertainty.

at least two test portions shall be taken from each laboratory sample, andcthe total nu
bns shall be at least ten more than the number of laboratory samples. Forexample:

brtions are taken from each of 10 laboratory samples; or

portions are taken from 1 laboratory sample.

2.3.1 for defining acceptable results. In brief:

ount techniques; at least 30 counted colonies;

s including partial confirmation; at least half of testéd colonies confirmed;

sed methods; at least five positive test results:

These restrictions may influence the choice of measurand and test method discussed above.

Calculate th

sample, this

laboratory 4

NOTE
components

repeatability
will be an ov
more compli
the repeatab

Sy.corr 1S descy]

6.4 Know
The laborat

e repeatability standard deviation-itr accordance with Annex A. For a single labor
is equivalent to the standard deviation of the log;, transformed data. For mu
amples, it is equivalent to a one-way ANOVA by sample on the log;, transformed data.

The repeatability standard deviation inevitably includes any of the technical and distribu

relevant to the repeatability data. If uncertainty of a test result is calculated by combinin
standard deviation withytechnical and distributional components relevant to the test result,

ated calculations; by subtracting any of the relevant distributional uncertainty components

lity standard deviation. This optional alternative approach to give a corrected standard devi
ibed in Annexd:

'm characteristic of the matrix

by may be able to judge, from prior knowledge, the matrix uncertainty to be expect

ver a

mber

itory
tiple

ional
v this
there

brestimate of uncertainty. The laboratory can choose to avoid this overestimation, at the expense of

from
htion,

ed of

a given laboratory sample. This may rely on previous analyses of multiple test portions (Se€ 6.3) from
laboratory samples expected to have a similar matrix uncertainty (matrix homogeneity).

When assessing whether laboratory samples can be expected to have a similar matrix uncertainty, the
laboratory may consider ISO 16140-3. Examples of items for different categories and types are given in
1SO 16140-3:—, Annex A3).

Matrix uncertainty values obtained in one laboratory may be used by another laboratory for laboratory
samples expected to have a similar matrix uncertainty.

3) Under preparation. Stage at the time of publication: ISO/DIS 16140-3:2018.
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7 Distributional uncertainties

7.1 General aspects

Even for homogeneous material, irreducible minimum uncertainty components arise from the random
distribution of microorganisms in the test material, usually modelled by the Poisson distribution (see
7.2). Similar perfect mixing assumptions underlie confirmation uncertainty of certain methods based
on a colony-count technique (see 7.3) and most probable number uncertainty (see 7.4).

In this document, uncertainties arising from such fully random distribution of particles are termed
distributional uncertainties. According to the features of the analytical method, calculate these
distrfibutional uncertainties from values underlying each individual result, in accordancew]{th 7.2 to 7.4.

7.2 | Colony-count technique — Poisson uncertainty

For methods based on a colony-count technique, there is a minimum distyibutional [uncertainty
contribution depending on the total number of counted colonies used in the calculation of the result, £C
(see SO 7218).

Tabl¢ 2 gives the values of the Poisson standard uncertainty, up,;s&,, in units of log,,, for values of
counts (2C) from 1 to 40.

If XC|= 0, that is no colonies are counted, up;qs,, = 0,434.

Table 2 — Values of up;,,, for values of 2C from 1 to 40

¢ Upoisson xC Upoisson xC Upoisson xC Upoisson
1 0,434 11 0,131 21 0,095 31 0,078
2 0,307 12 0,125 22 0,093 32 0,077
3 0,251 13 0,120 23 0,091 33 0,076
4 0,217 14 0,116 24 0,089 34 0,074
5 0,194 15 0,112 25 0,087 35 0,073
6 0,177 16 0,109 26 0,085 36 0,072
7 0,164 17 0,105 27 0,084 37 0,071
8 0,154 18 0,102 28 0,082 38 0,070
9 0,145 19 0,100 29 0,081 39 0,070
1( 0,137 20 0,097 30 0,079 40 0,069

Upoiston fOr otherValues of XC can be calculated using Formula (2):

> 1/In(10) 0,4343

Peisson — \/Z—C - \/Z—C

So, for example, if £C = 100, Upyisson =

o~

(2)

0,4343 0,4343

/100 10

For large values of XC, the Poisson uncertainty component may be negligible if other uncertainty
components are large (see 8.1.2).

=0,04343.

7.3 Colony-count technique — Confirmation uncertainty

Some methods based on a colony-count technique give presumptive numbers of organisms.
Confirmation tests are then used to correct the presumptive count by estimating the proportion of
a selected number of colonies that is confirmed as the target organism using appropriate tests. It is
reasonable to regard the colonies as being evenly distributed and the binomial distribution is used to
calculate the corresponding distributional uncertainty specific to an individual result.
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Suppose presumptive colonies, n,, are tested and a number of them are confirmed, n, the relative
number of successes n./n, is used as the multiplier to convert the presumptive count into the confirmed
count. This has the effect of adding a correction, log,, n./n,, to the log;, cfu/g or ml value based on the
presumptive count. Table 3 shows values of u, in units of log;, for selected values of n, and n.

Table 3 — Values of confirmation uncertainty (u_,,¢) in log;, for selected values of number
colonies tested (n,) and number of colonies confirmed (n )

Number of colonies Number colonies tested (n,)
confirmed (n.) 5 10 15 20

+ 8;3554 64362 84665 84769
2 0,202 3 0,262 7 0,286 8 0,2999
3 0,134 9 0,194 6 0,217 7 0,2300
4 0,088 8 0,154 1 0,177 6 0,190 0
5 0,045 4 0,125 4 0,150 1 0,162 8
6 0,102 7 0,129 3 0,142.7
7 0,083 4 0,112 6 0,126,8
8 0,065 7 0,098 6 0113 6
9 0,047 8 0,086 2 0,102 4
10 0,026 1 0,0750 0,092 6
11 0,064 6 0,083 8
12 0,054 4 0,075 7
13 0,044 1 0,068 3
14 0,0329 0,061 1
15 0,018 3 0,054 3
16 0,047 5
17 0,040 6
18 0,033 3
19 0,0251
20 0,014 1

U.ons for othHer numbers can be-ealculated from Formula (3), which is derived from ISO 29201:2012,

Formula (E.#):

1 (nc+0,5)(np—nc+0,5)nl§
Uconf = b 303 2 5 (3)
’ (np +1) (np +2)nC
Ifn =0, calgulate u . rasifn. = 1.

7.4 Most probable number uncertainty

The most probable number (MPN) technique derives most probable numbers from multiple detection
or non-detection results. This technique includes automated micro-titre plate techniques where many
tubes may be assessed as positive or negative. For an MPN technique, the minimum distributional
uncertainty is greater than the simple Poisson and depends on the detailed results. Procedures for
estimating the corresponding standard uncertainty in log;, uypy, are given in Annex C.

Some MPN tests require confirmation of the presence of the target organism in every presumptive
positive. In that situation, calculate the MPN and its uncertainty from the number of confirmed positive
results.
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Combined and expanded uncertainty

Combined standard uncertainty

8.1.1 General considerations

The combined standard uncertainty may be based upon one of the two following options:
a) acombination (see 8.1.2) of separately estimated:
1) technical standard uncertainty:;
2) matrix standard uncertainty;
3) distributional standard uncertainties.
b) if consistent with laboratory protocols and client requirements, reproducibility standayd deviation
dlone (see 8.1.3).
8.1.2 Combined standard uncertainty based on separate technical;matrix, and distributional
stanflard uncertainties
Techpical standard uncertainty, u,., is estimated in accordance with Clause 5 as a regroducibility
stanglard deviation, which may be corrected for matrix and.distributional standard uncertginties, as an
optidnal alternative procedure, in accordance with Annex-D:
— Uiech = Sps OF
—  Uech = SR:corr
Matrjix standard uncertainty, u,, ..., 1S estifated in accordance with Clause 6. If matrix|uncertainty
is estimated in accordance with 6.3 from multiple test portions of laboratory samples| the matrix
standlard uncertainty is estimated as-thé repeatability standard deviation, which may He corrected
for distributional standard uncertainties, as an optional alternative procedure, in accordance with
Anngx D:
— Umatrix = Sp OF
—  Umatrix = Sricorr
Any relevant distribytional standard uncertainties (Upissons Uconp Umpn) are calculated frpm the data
underlying the repoerted result, in accordance with Clause 7.
Then, calculate)the combined standard uncertainty as the square root of the sum of th¢ squares of
techmical, matrix, and any relevant distributional standard uncertainties. Note that not all tprms will be
includedfor a given method, e.g. a method will not include both colony counting (up;sson) and MPN (upypy)-

EXAMPLE1 InstrumentalmethodssuchasATPwherenocoloniesorcellsarecounted: u, (y) = \/utzech +urznatriX

EXAMPLE 2
EXAMPLE 3 Colony-count methods, with partial confirmation: u_ (y) =\/ 2

EXAMPLE 4

NOTE

Colony-count methods, without partial confirmation: u, \/utech +u?

2
matrix + Upoyisson

2

MPN methods: u, \/utech +umatr1x +“l%/[PN

2 2
Utech T Umatrix T UPoisson T Uconf

It is generally accepted that the effect of a component is negligible if its standard uncertainty is no

greater than one fifth of the magnitude of the largest component standard uncertainty[14l[1], Distributional
and matrix uncertainty components that are negligible compared to the technical uncertainty, as shown in the
examples in 8.3, can be ignored. In the extreme, when all distributional and matrix uncertainty components are
negligible compared to the technical uncertainty, the examples above reduce to u.(y) = Uieqp-

© IS0 2019 - All rights reserved 19


https://standardsiso.com/api/?name=431421cf54b46ac350dab4ba8093147e

ISO 19036

:2019(E)

8.1.3 Combined standard uncertainty based on reproducibility standard deviation alone

Reproducibility standard deviation is calculated by one of the three methods given in 5.2.

If consistent with laboratory protocols and client requirements, combined standard uncertainty may be
estimated as the reproducibility standard deviation only, without the correction described in Annex D,

as shown by Formula (4):

u(y) = sg (4)
S e
Use Formula (5) to derive the expanded uncertainty U from the combined standard uncertainty p.(y)
(see 8.1) with a coverage factor k chosen, in this document, as a value of 2 (to correspond approximiately
to a confidence level of 95 %):

U=2u.y) (5)
8.3 Worked examples
8.3.1 Example 1 — Technical, matrix and Poisson components of uncertainty
Suppose a vplidated method using 1,0 ml inocula on one plate pof‘each of two successive dilutionp has
technical urjcertainty estimated previously in accordance with.Clause 5, as u, = 0,15 log;, cfu/g
Then suppope that the method applied to a homogenous laboratory sample gave the following regults:

at 1073 diluf]

Then the w

count is 5,0

The distrib

ion, 102 colonies, and at 10~4 dilution, 8 colonies.

bighted mean colony count is (102+8)

’

gy cfu/g.

itional standard uncertaintys tp;sson 1S determined from the total number of col

»C = 110; hence,
0/4343 0,4343
Up: = =" =0,;0414 log,, cfu/g [see Formula (2)].
Poisson 1110 10’49 210 /g [ ]

The ratio up

isson/Utech = 0404%'4/0,15 = 0,276, which is greater than 0,20 so up,;ss,, Cannot be neglg

(see NOTE in 8.1.2

For a homog

1

eneousnatrix, the matrix standard uncertainty u =0,1log;, cfu/g (see 6.2).

matrix

%103 =1,0x10° cfu/g, for which the log;, c¢lony

bnies

bcted

— The conl\bined standard uncertainty (see 8.1.2) is:

uc(y)=

{0,152 +0,102 +0,041 42 = /0,034 21 =0,185

— This is multiplied by the coverage factor (k) of 2 to give U = 0,37 log;, cfu/g (to two significant

figures)

So the colon

y count and its expanded uncertainty is 5,0 £ 0,37 log, cfu/g.

8.3.2 Example 2 — Poisson component negligible

As example

1, except the technical standard uncertainty, u,, is 0,25 log;, cfu/g.

Since Upyisson/Utech = 0,041 4/0,25 = 0,166, which is less than 0,2, up;ss., Can be ignored (see NOTE

in 8.1.2).

20
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There are no other distributional components, but the matrix uncertainty remains, so the combined
standard uncertainty (see 8.1.2) is:

uc (y)=+0,25%+0,10% = J0,0725 =0,269

This is multiplied by the coverage factor (k) of 2 to give U = 0,54 log;, cfu/g (to two significant figures).

8.3.3 Example 3 — Poisson, matrix and confirmation components

As example 1, except the results shown are for typical colonies counted on a differential medium, which
needed to be confirmed.

Upoisdon = 0,041 4 and up;cson/Utech = 0,041 4/0,15 = 0,276, which is greater than 0,2 sop,;.4,, cannot be
neglected (see NOTE in 8.1.2).

Confjrmation: five typical colonies were tested of which four were confirmed as being the target
orgahism. This leads to revised results, as shown in Table 4.

Table 4 — Example of calculation for Poisson, matrix and confirmation components

Presumptive Confirmed
xC 110
result; x; cfu/g 100 000 100 000 x 4/5 =80 000
y; log,o cfu/g |50 4,903

Fronmy 7.3: for n, = 5 and n = 4, Uco¢ = 0,088 8. ugyp/Uien = 0,088 8/0,15 = 0,592, which is greater than
0,2 sp u,,r cannot be neglected (see NOTE in 8.12):

Ther are no other distributional components)so the combined standard uncertainty (see §4.1.2) is:

d. (¥)=10,15%+0,10% +0,041 420,088 82 =./0,0421 =0,205

This fis multiplied by a coveragefactor (k) of 2 to give U = 0,41 log;, cfu/g (to two significanf figures).

NOTH The result of the confirmed count is 4,90 + 0,41 log;, cfu/g whereas that of the presumptjve count (see
example 1) was 5,0 + 0,37 logy cfu/g.

8.3.4 Example 4—Technical, matrix and most probable number components

A laboratory estimated the presumptive level of an organism (e.g. coliform bacteria) in a liquid sample
using a 5-tube/3-dilution level MPN procedure for which the technical standard uncerfainty, u..q,
taken as.equal to the reproducibility standard deviation, s;, derived from an interlaborafory method
validation study was determined to be 0,49 log;, MPN/ml, based on 20 replicate sample teqts.

For a homogenous liquid laboratory sample, the MPN estimation was based on five inoculated tubes
with 1,0 ml of a dilution of the sample at each of three dilution levels, 10-2, 10-3 and 10~%, for a total of
15 tubes. After incubation, the number of positive cultures at each dilution were 4, 2 and 1, respectively.

From the spreadsheet of Reference [19] the following values were obtained: MPN 260/ml;
log;y MPN = 2,42; uy;py = standard deviation = 0,19 log;, MPN.

The ratio uppy /Uiecn = 0,19/0,49 = 0,39 > 0,20, hence uy;py cannot be ignored (see NOTE in 8.1.2).

For a homogeneous liquid, the matrix standard uncertainty can be taken as u,,..ix = 0,1 log;, (see 6.2).

The ratio u,,¢pix /Utech = 0,10/0,49 = 0,204 > 0,20, hence the matrix standard uncertainty cannot be
ignored (see NOTE in 8.1.2).
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These components are combined (see 8.1.2) to give the combined standard uncertainty:

Ue (y):

0,492 +0,12 +0,192 =/0,286 =0,535 (to three decimal places).

This is multiplied by a coverage (k) of 2 to give U = 1,1 log; cfu/g (to two significant figures).

So the MPN estimate gives a presumptive contamination level of 2,4 + 1,1 log;, MPN/ml.

NOTE 1

0,42 or even 6,42.

The combined standard uncertainty estimate would have been the same for a log;, MPN estimate of

NOTE 2 Sq
calculation o

9 Expre

9.1 Gene
MU should H
As indicated

reprody

uncertalinties; or

— reprody

When an es
the indicate

“The rd
ISO 190
alevel g

If the MU ij
report. For ¢

“The ré
ISO 190
a level

equal td

The numbe}
view of the

me MPN tests require confirmation of the presence of the target organism. In that sjtu
Fthe MPN and its uncertainty are determined from the number of confirmed positive results:

ssion of measurement uncertainty in the test reports

ral aspects
e reported in the same unit as the test result.
in 8.1.1, the reported MU may be based on one of the two following options:

cibilitystandard deviationand separate estimations of matrixand anyrelevantdistribut

cibility standard deviation alone.

f[imate of MU is required in the test report, iielude in the report an explicit statement

ported expanded measurement.{ncertainty has been estimated in accordance
36 and is based on a standard uncertainty multiplied by a coverage factor of k = 2, prov
f confidence of approximately 95 %.”

based on reproducibility-$tandard deviation alone, this shall be made clear in the
xample:

ported expanded\measurement uncertainty has been estimated in accordance
36 and is basedora standard uncertainty multiplied by a coverage factor of k = 2, prov
bf confidencé/ef approximately 95 %. Combined standard uncertainty has been tak
the intralaboratory reproducibility standard deviation.”

" of figures in a reported MU should always reflect practical measurement capabili
process for estimating uncertainties, it is seldom justified to report MU to more thar

ation,

ional

that

d MU is an expanded uncertainty, togethe\with a statement of the confidence level and an
indication that the MU has been estimated in accordance with this document. For example:

with
iding

test

with
iding
b as

y. In
two

two

significant

igures It is therefore recommended that the expanded uncertainty be rounded t

significant figures, using the normal rules of rounding in accordance with ISO 7218. The numerical
value of the measurement result in the test report should normally be rounded to the least significant
figure in the value of the expanded uncertainty assigned to the measurement result. Rounding should
always be carried out at the end of the process to avoid the effect of cumulative rounding errors, see
ISO/IEC Guide 98-3.

Once the expanded MU has been derived, as explained in 8.2, it may be expressed in the test report,
together with the test result, as an interval on the log;, scale or as natural values (cfu/g or cfu/ml), as
illustrated by the following alternative examples:

a) logy,resultwith £ U:y = Ulog, cfu/g or cfu/ml;
e.g. 5,00 £ 0,31 log;, cfu/g;
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b) log;, result with limits: y log;, cfu/g or cfu/ml [y - U; y + U];

e.g. 5,00 log,, cfu/g [4,69; 5,31];

¢) natural result value with limits: x cfu/g or cfu/ml [10Y - U; 107 + U];

e.g. 1,0 x 105 cfu/g [4,9 x 10%; 2,0 x 10°].

9.2

Results below the limit of quantification

9.2.1 General aspects

Resuflts below the limit of quantification (LOQ) can arise, for example:

4

Alth
the [j

Reley
in su
can k

How
resu
to th

How

— 1or an MPN method, when there are no detection results, x; = 0 for alh.

or a colony-count method, when the number of counted colonies is zero, £C = 0;

ugh such results could be interpreted as zero, they are often éxpressed as “< x; 4" W
0Q in cfu/g or ml.

Fant sections (see 7.2, 7.3 and Annex C) include calculation of distributional standard
ch circumstances so that combined standard uncertainty and expanded uncertainty,
e calculated in log; units in accordance with Clause 8.

bver, the result is consistent with a measurand value of zero cfu/g or ml. When ex]

e LOQ and take the lower limit at zero.

pver, log zero is undefined and whep expressing the result as log;, result with limits,

6:2019(E)

or a colony-count method with partial confirmation, when the number.oficonfirmed colonies is
jero,n.=0;

here x; o is

uncertainty
u.(y) and U,

bressing the

t as a natural value with limits, option c) in@:1, calculate the upper limit as if the resullt was equal

express the

lowef limit as “less than”; < (log; xpgg)k+ U

9.2.2 Example

Subclause 8.3.1 is an example of a colony-count method with u., = 0,15 log;q cfu/g and
Umatlfix = 0,1 10810 Cfu/g-

If a laboratory sample’gave zero counted colonies at 1071 dilution and at 102 dilution, thep ZC = 0 and
7.2 gjves Upyisson 05434 log, o cfu/g.

Combined standard uncertainty and expanded uncertainty can be calculated in accordance with 8.1
and §.2:

(v):\‘/O 1524+0,10%+0,434% =./0,2209 =0,470 log,q cfu/g

T

U=2x0,470 = 0,940 log;, cfu/g

The limit of quantification (x;5q) corresponds to a single counted colony, 2C = 1:

d 2C_ .1 1
X =10"1 =—=10"—=9,091 cfu
LOQ 11 11 /8
© IS0 2019 - All rights reserved
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Yioq = 10819(9,091) = 0,959 logy, cfu/g

Limits on the uncertainty intervals for results equal to the LOQ are:

Yrog + U=0959 + 0,940 = 1,89 9 log;, cfu/g

Yi0q - U=0,959 - 0,940 = 0,019 log;, cfu/g

10yL0Q+U =101'899 =79,16 cfu/g

10710Q 1V — 100,019 =1,044 cfu/g

Note thaty, },,~U can be negative but 10”1007V g always positive.
With appropriate rounding, the result with its uncertainty can be expressed as:
a) log;repult with + U: <y, oo = Ulogy, cfu/g;
e.g. <096 £ 0,94 log,, cfu/g;
b) log;, repult with limits: <y, oqlogyo cfu/g [<y10q = Ui yiog + Uk
e.g. <096 log;, cfu/g [<0,02; 1,90];

) naturallresult value with limits: < x; 54 cfu/g [0;10yL0Q+U } ;

e.g. <91 cfu/g[0,0; 79,2].
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Calculation of standard deviations with two or more than two test
portions (intralaboratory reproducibility standard deviation and
matrix uncertainty standard deviation)

Subclauses 5.2.2.2 and 5.2.2.3 describe the experimental protocol and calculations for ‘€gtimation of

reprpducibility standard deviation from intralaboratory experiments, with exactlyytwo test portions
from| each laboratory sample. As shown in Figure A.1, the experimental protocal-can be jextended to
more¢ than two test portions from each sample and/or differing numbers of testportions for different
samples.
Laboratory sample
\i
Test sample
\
_________________ [
| |
Y Y . v \
|
Test portion Test portion , Testportion || etc
r-———-—-- 4
|
E Artificial i Y Y T LA |
' contamination ~-»~| Initiaksuspension Initial suspension | Initial suspension |
' (ifneeded) ! Lo Fmmmm e s
L e | |
Y Y . V.o
|
Analysis Analysis ! Analysis !
r-———-—-- 4
|
Y Y R
’ N
Result A Result B | ResultC |
\ /l
—1 O~

Different conditions: A, B, [, ...]

Figure A.1 — Experimental protocol for estimation of intralaboratory reproducibility — Two or
more test portions from each laboratory sample

This protocol is very similar to that used to assess repeatability standard deviation from multiple test
portions from laboratory samples (see 6.3) and the calculations are identical.
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Calculate the standard deviation as follows. In each case, there are n laboratory samples with p;
(=1, 2,.., n) test portions for sample j, resulting in value x;; cfu/g or ml for test portion j of sample 1.

Calculate the standard deviation, s;p or s,, as in Formula (A.1):

n pj

> (vi-5i)
i=1j=1
S[ROrs, = (A.1)
n
>(pi-1)
i=1
where I

i is tIe index of the laboratory sample (i=1, 2, ..., n);

e index of the value of test portion within the samplei (j=1, 2, ..., p});

Yij = logy Xjj-

Pi
— Z-Vij
Yi :i

p
For a singlg sample, n = 1, which can occur when assessing matrix uncertainty, this is simply the

standard deyviation of the log;, transformed data.

Table A.1 shows the manual calculation on a data set-similar to that in Table 1. Calculations were
performed ip Excel®1) from values shown for the dilution factors (d) and colonies counted (C). Defived

values havebeen rounded for display.
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As an alternative to manual calculation, the standard deviation can conveniently be calculated using
any tool capable of one-way ANOVA, when the required standard deviation is the square root of the
within-groups mean square. For example, Excel’s®1) single factor ANOVA on the y;; data above gives this
result, where the within-groups mean square value is 0,06159, then:

s;r =+/0,06159 =0,24817

See Table A.2.

NOTE The ANOVA approach can also be used in cases of exactly two values from each laboratory sample.

Tall)le A.2 — Calculations of intralaboratory reproducibility standard deviation foranalytical
results on multiple samples, using a tool with one-way analysis of variance

Anoya: Single factor

SUMMARY

Groﬂps Count Sum Average Variance

Row|1 3 15,15589 |5,051963 0,104 423

Row|2 2 13,61252 |6,806 261 0,000 931

Row|3 4 24,476 56 6,119 139 0,037 283

Row|4 2 14,574 23 |7,287 116 0,036 658

Rowl|5 2 14,774 55 |7,387274 0,146 128

Row|6 2 12,170 24 16;085 119 0,001 031

Row|7 3 12,249 03-114,083 009 0,012 404

Row|8 2 10,29772 |5,148 858 0,000 141

Row|9 4 11,924 72 2,981 18 0,048 398

Row|10 2 11,510 67 |5,755 333 0,309 851

ANOVA

Source of variation SS df MS F P-value F crit

Between groups 51,327 08 9 5,703 009 92,596 53 |4,36102E-12 ([2,537 667

WitHin groups 0,985 438 16 0,061 59

Tota 52,312 52 25

Key

SS: stim 6f squares, df: degrees of freedom, MS: mean of squares, F: F-distribution variable, P-value: signjfificance level,

F-crit: €ritical value of F-distribution variable
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Annex B
(informative)

Matrix effect and matrix uncertainty

Bacterial or yeast cells in a liquid matrix (e.g. milk, water) generally conform to a random (Poisson)
distribution [see Figure (B.1), case A], although both individual cells and small clusters of cells can form

colonies wh
distributed
distributed

Solid foods,
in deep tiss
microcoloni

If pieces of §
to form a c
distributed
throughout
relative levg
disrupted d
the food pr
relative qua
distributed
other powdjd
batch [see F]

Even when {
contaminati
isreferred t

For more in

en plated on agar. Solid foods such as cheese contain cells and clusters of microorga

Ffandomly and most often occur as a contagious distribution [see Figure (B.1), case’B].

such as meats and vegetables, are generally contaminated randomly on the surface by
1les. Growth of some cells results in an overall surface distribution of ifdividual cells
es that is usually contagious [see Figure (B.1), case B].

h solid ingredient (e.g. meat) are mixed with other ingredients (e:g-Vegetables and sa
bmposite food product, then the surface bacteria from all the solid ingredients be
throughout the multi-component product, but the bacterialare not randomly distrilj
the final food product. The numbers of bacteria that oceur’in the food matrix refled
Is of contamination of each of the ingredients and the_extent to which microcolonie
uring the manufacturing process. The levels of contamination in several test portio
duct taken for analysis are not consistent. The leyels of specific bacteria reflect bot
ntity and quality of the ingredients and the extentto which the manufacturing proces
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Source: modified from ISO 21748.

b) Case B: contagious distribution showing

Figure B.1 — Hypothetical illustration of the distribution of microorganisms on a surface
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