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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.
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first edition cancels and replaces, ISO/TS 19036:2006, which has been technically rey
"porates the amendment ISO/T§ 19036:2006/Amd.1:2009. The main changes compar]
ious edition are as follows:

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

b actual test

the matrix uncertainty (i.e. the uncertainty due to dispersion of microbes within th
matrix);

the Poisson uncertainty that relates to colony count techniques;

the-confirmation uncertainty associated with tests to confirm the identity of specifi
following a count for presumptive organisms;

C organisms

the nnr‘prfqinfy associated with most prnh:\h]p number (MPN) estimates;

— 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.

Any 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
quantltatlvely descrlbes the relatlonshlp between the quantity being measured (the measurand) and
every quan i duce
the uncertajinty in the measurand from the uncertalntles in the input quantities.

ISO/IEC Guide 98-3 recognizes that it might not be feasible to establish a comprehensive mathemdtical
relationship between the measurand and individual input quantities and that in such cases the effdct of
several inpyit quantities can be evaluated as a group. ISO/IEC 17025 also recognizes that the natufe of
the test method can preclude rigorous calculation of measurement uncertainty.

In the case|of the microbiological analysis of samples from the food chain, it-is'not feasible to build
a comprehgnsive quantitative measurement model, since it is not possible.to"quantify accurately the
contributiof of each input quantity, where:

— the anallyte is a living organism, whose physiological state can belargely variable;
— the anallytical target includes different strains, different species or different genera;
— many ifput quantities are difficult, if not impossible, to,quantify (e.g. physiological state);

— for marnly input quantities (e.g. temperature, water agtivity), their effect on the measurand cannpt be
describled quantitatively with adequate precision.

For the reagons given above, this document mostly tses a top-down or global approach to MU, in which
the contribyition of most input quantities is estirhated as a standard deviation of reproducibility of the
final result|of the measurement process, calculated from experimental results with replication of the
same analyges, as part of the measurement process. These quantities reflect operational variabilityf and
result in tefthnical uncertainty. In fopd \chain quantitative microbiology, assigned values or referfence
quantity values are usually not avdilable so bias (which quantitatively expresses the lack of truepess)
cannot be reliably estimated andis not included in the uncertainty estimated by this document.

While reproducibility provides a general estimate of uncertainty associated with the measurement
method, it might not refleot characteristics associated with matrix uncertainty, resulting fronj the
distributiorn] of microorganisms in the food matrix.

Also, micropiologicalVmeasurements often depend on counting or detecting quite small numbefs of
organisms thataremore or less randomly distributed leading to intrinsic variability between repli¢ates
and a corregponding dlstrlbutlonal uncertalnty For colony-count technlques the P01sson uncertdlnty
is determined;to-which-maybeadded;in—certain—cases e tests
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.
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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
meafurement uncertainty (MU associated with quantitative results in microbiology of the|food chain.

It is ppplicable to the quantitative analysis of:

— products intended for human consumption or the feeding of animals;

— pnvironmental samples in the area of food production and food handling;
— pamples at the stage of primary production.

The |quantitative analysis is typically carried out by enumeration 0f microorganisms usifng a colony-
courjt technique. This document is also generally applicable to other quantitative analyses, Including:

— most probable number (MPN) techniques;
— |nstrumental methods, such as impediometry, adenosine triphosphate (ATP) and flow dytometry;
— molecular methods, such as methods based on quantitative polymerase chain reaction [qPCR).

The pncertainty estimated by this document doés'not include systematic effects (bias).

2 Normative references

There are no normative references in-this document.

3 [erms, definitions and symbols

3.1 | Terms and definitions
For fhe purposes®fithis document, the following terms and definitions apply.
ISO gnd IEC mhaintain terminological databases for use in standardization at the following alddresses:

— [SOOt1line browsing platform: available at https://www.iso.org/obp

e 4+ q Hdalal £ lors L/ 1 i I L
— LU TICTTT UPTUTA. avdITdUTC dUTITt Y. 77 W W VW.CTCT LT UPTUTA.UT 57

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 (folume or mass) representative sample (3.1.1) taken from the laboratory sample (3.009) for
use in the pfeparation of the initial suspension

Note 1 to enffry: Sometimes preparation of the laboratory sample is required before the test portion is takem, but
this is infrequently the case for microbiological examinations.

[SOURCE: I§0 6887-1:2017, 3.5]

3.1.5
measurand
particular dquantity subject to measurement

[SOURCE: I$0/IEC Guide 98-3:2008, B.2.9 modified — The examplet@nd the Note 1 to entry have peen
deleted.]

3.1.6

trueness
measurement trueness
closeness of agreement between the average of an.infinite number of replicate measured quaptity
values and @ reference quantity value

Note 1 to enfry: Trueness is not a quantity and thusannot be expressed numerically, but measures for clos¢ness
of agreement are given in ISO 5725 (all parts).

Note 2 to enftry: Trueness is inversely related to systematic measurement error, but is not related to rajdom
measuremetjt error.

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

[SOURCE: ISO/IEC Guide 99:2007, 2.14, modified — The preferred term has been changed from
“measurempgnt trueness’-fo ftrueness”.]

3.1.7
bias
measuremgntbias

estimate of aGystematic 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
Char ctorized ]'“7 nvpnrﬂmnnfn] standard deviations The other r‘r\mhnnnnfc which alsa can he ¢ aracterlzed
by standard dev1at10ns are evaluated from assumed probability dlstrlbutlons based on experignce or other
information.

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

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

3.1.10

standard uncertainty
u
uncqrtainty 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
u(y
stanflard uncertainty (3.1.10) of the result of ameasurement when that result is obtained fromn the values
of a humber of other quantities, equal tglthe positive square root of a sum of terms, the terms being the
varignces or covariances of these other quantities weighted according to how the measurgment result
varig¢s with changes in these quantities

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

3.1.12

expanded uncertainty
U
quantity definingan’interval about the result of a measurement that may be expected to gncompass a
larg¢ fractionofthe distribution of values that could reasonably be attributed to the measufand (3.1.5)

Note|1 to entry: The fraction may be regarded as the coverage probability or level of confidence of the interval.

Note|2t0 entry: To associate a specific level of confidence with the interval defined by the expanded uncertainty
requires explicit or 1mplicit 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:

=k x u.(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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3.1.13

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 ent
(3.1.4) taken
includes the

Tesulting fromnr operationat vartabitity associated with the techmical stepsof the amat

[y: Technical uncertainty includes the variability of the taking, mixing, and dilution of the test pg
from the laboratory sample (3.1.2) to prepare the initial suspension and subsequent dilutions. I
bffects of variability in incubation and media.

Note 2 to enffry: Adapted from 1SO 29201:2012, 3.4.2.

3.1.15

matrix ung
uncertainty
laboratory 3

3.1.16

ertainty
resulting from the extent to which the test portion (3.1.4) isnot truly representative o
ample (3.1.2)

distributional uncertainty

uncertainty
the sample (

Note 1 to €
distribution.
differ from t

resulting from intrinsic variability associated.with the distribution of microorganisn
3.1.1), the initial suspension and subsequent dilutions

ntry: In microbiological suspensions, intrinsic variability is usually modelled by the Po
When partial confirmation is practised ox.the MPN principle is used, the resulting distribution
he Poisson distribution.

Note 2 to enflry: Adapted from I1SO 29201:2012, 3.4.3.

tical

rtion
also

f the

1S in

sson
may

3.2 Symbols

For the purposes of this document; the following symbols apply.

2C for colony-countmethods, total number of counted colonies used to calculate the
measurement results

np, ng for colonyscount methods with partial confirmation, number of presumptive colonies
tested;ahd number of confirmed colonies, respectively

Sp reproducibility standard deviation

SIR intralaboratory reproducibility standard deviation

SIR:corr intralaboratory reproducibility standard deviation, corrected by subtraction of matrix and
distributional components

S, repeatability standard deviation

Sr-corr repeatability standard deviation, corrected by subtraction of distributional components

Sunwanted  sum of squares of unwanted components

u standard uncertainty

4 © IS0 2019 - All rights res
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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
upoisLon 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 [zeneral considerations

MU gssociated with any measurement value includes multiple.eomponents.

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

cont]

or rdference quantity values are usually not availableso'bias cannot be reliably estimated.

This

Technical uncertainty arises from operational variability and is estimated, using a glob3
fron} a reproducibility standard deviation of the final result of the measurement process (s¢

This

than by calculation usitig’estimates of uncertainty at every individual stage of the test.

Matrix uncertainty/arises from imperfect mixing of the laboratory sample, resulti

repr

espe

(see

Ever} for homogeneous materials, the random distribution of microorganisms leads to di

ributions from systematic effects (bias). In food chain quantitative microbiology, assi

document considers three distinct types of gncertainty component:
fechnical uncertainty;
matrix uncertainty;

Histributional uncertainty.

global approach medns$ that the technical uncertainty estimate comes from final test r¢

pducibilitytef microbial levels between test portions, which can be large for solid m

Clause6).

not include
bned values

1 approach,
e Clause 5).
sults rather

hg in poor
htrices, and

cially for_composite food products. Matrix uncertainty is estimated for each kingl 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 Techniical uncertainty
5.1 Identification of main sources of uncertainty

5.1.1 General aspects

It can be helpful to consider the sources of technical uncertainty usually associated with the main
stages in a nicrobiological method. Typical sources for colony-count or MPN teehniques are:

— taking & test portion from the laboratory (or test) sample;

— preparation of the initial suspension;

— serial djilution;
— inoculaftion;
— incubatjion;
— counting of colonies in a colony count techniqué,and/or detection of growth (as in a MPN technigue);
— confirmation (if appropriate).

Figure 1 shgws the main sources of uncertainty in food chain microbiology considered in this document.

6 © IS0 2019 - All rights reserved
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Figure 1 — Main sources of uncertainty in food chain microbiology covered in this ¢

5.1.2 Sampling uncertainty

Sampling uncertainty, ice.error associated with the drawing of the laboratory sample from
inveptigation, can contribute significantly to the overall errorl18], but it is not part of the
linked to the meastrement itself and is not covered by this document.

Matrix unceptainity that arises from the inability of the test portion to perfectly
heterogeneous’laboratory sample or test sample is covered in Clause 6. The extent of such i
depdnd enthe size of the test portion taken for examination (see ISO 6887-1).

__________

I

the factors that affect uncertainty estimation

® these factors are not covered by this\document

1
1

Equipment, culture media and H
reagents H
1

]

- -<

= -

Jocument

a lot under
uncertainty

'epresent a
hability can

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
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5.2 Estimation of technical uncertainty

5.2.1 General 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 uncertainty 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 3

Three diffe
of reprodugd
preference

option |

option

5.2.3.1)

option

5.2.3.2).

5.2.2 Rej

5.2.21 G

ny significant way.

rent possibilities are presented in this document for estimation of the standand‘devis
ibility. They are based upon repeated measurements of nominally identical-material
brder is as follows:

- intralaboratory reproducibility, i.e. reproducibility estimated within a laboratory (see 5.

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

3: reproducibility derived from results of an interlaboratery proficiency test (PT)

roducibility standard deviation derived from intralaboratory experiments, s,

bneral aspects

Option 1, iptralaboratory reproducibility, is the preferred option for deriving technical MU sin

enables ala

The experir
uncertainty

5.2.2.2 E

5.2.2.2.1

The protoc
for which t
test portion

For each tes
and repeat

poratory to attach the MU value to the results that it reports, in line with the definition o

ition
The

2.2);

(see

(see

ce it
MU.

hental protocol described in this-clause should take into account as many as possible of the

sources identified in (see 5.1).
kperimental protocol

General aspects

e correspohding calculations are provided in 5.2.2.3. For other cases (i.e. more than|
s for some\or all laboratory samples), the protocol and calculations are given in Annex

pl for analysis ©fjekactly two test portions for each laboratory sample is shown in Figulre 2,

two
A.

t methed, perform the experimental protocol of Figure 2 for at least ten laboratory sanpples

it-to- give at least two acceptable results for each laboratory sample. 5.2.2.3.1 prov

indications

ides

ofaccentable valuoecs Donondinag an the circumstance
Or—a e Pt e~V ES— Epet o

ten

<
Tt oo ta e oo oo — ottt T TIToT tIrort

laboratory samples and/or more than two test portions for each laboratory sample.

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 that the experimental design principles in this clause are followed.
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Laboratory sample

Homogenize

5.2.7

The
hete
mati

Y Y

Test portion Test portion
L Artificial Y
Initial suspension |« contamination ¥ “nitial suspension
(if needed)

\ \

Analysis Analysis
\i \i

Result A Result B

Different conditions: A, B >>

gure 2 — Experimental‘protocol for estimation of intralaboratory reproducibility — Two
determinations on each laboratory sample

.2.2 Choice{oflaboratory samples

estimatien’~of intralaboratory reproducibility is designed to exclude contributions from
rogeneitywithin the laboratory sample, so it is not necessary to repeat this estimation for different
ices,'and this estimate may be based on a single matrix.

The

eproducibility

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);

© IS0 2019 - All rights reserved 9


https://standardsiso.com/api/?name=52473dd805bac597da2b4e6a370cb912

IS0 19036:2019(E)

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[T A A ,The faboratory sampie or the Te athple,

in cases where the laboratory sample is too big to homogenize, should be made as homogeneous as

possible. Lgboratory samples that comprise the following should be mixed well prior to drawing test

portions:

— non-visicous liquids and powders (e.g. milk, coconut milk, dried milk);

— minced)/finely chopped solids or suspensions/emulsions (e.g. minced meat, mechanically sepaifated
meat, spusage meat, crushed meat, whipped cream, dairy ice cream, soya €r¢am).

Prior to drawing test portions, other laboratory samples or test sample§)should be mixed using an

appropriatd homogenization procedure. For possibilities suited to each type of sample materiall see

ISO 6887 (all parts).

5.2.2.2.5 [Test portions

Take at leas|

5.2.2.2.6

If artificial
preparation

Perform the
dilutions, in

The measut

two test pdrtions are examined}-should differ in as many ways as possible. Ideally, include as 1

variations
one day to
of culture n
analysis, et
As the cont
repetitions
on more tha

t two test portions from each laboratory (or test}sample to allow repeated measurems

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

contamination is required, perform it-in the initial suspension. Detailed procedures fo
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 deg
oculation of one or two plates per dilution).

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

n all relevant sources of technical uncertainty (see 5.1) as could be encountered

nedia, reagents and membrane filters, vortex or other mixer, pH meter, incubators, tin
C. If possible, the two test portions should be tested by at least two different technic

should be done within a short period of time on a single day. Repetitions may be perfor
rnCone day only if contamination levels can be shown to be stable.

nts.

" the

imal

than
hany
‘rom

hnother within the laboratory. These will typically include, but not be limited to, batches

he of
ans.

hmination of the food sample is rarely stable in food chain microbiology, the measurement

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 MPN-based methods, where a single measurement result arises from a number of|positive or
negdtive test results, measurement results based on less than five positive test resulty should be

excliided from the calculation of intralaboratory reproducibility.

NOT
for a
num

5.2.

In a
port

This
Refe

each
labo

For
the
repr

whe

An €

Yia Vi

E 3 The limit of five positive test results relates to the sum of positive restlts across all dil
single measurement result. This limit does not depend on the number of negative test results, o
per of test results.

.3.2 Intralaboratory reproducibility standard deviatiof

fcordance with normal practice in food chain microbiology, transform the result fro
jon in cfu/g or ml into log;, cfu/g or ml before calculatipns are done.

subclause describes the calculation procedure foréxactly two values from each laborat
r to Annex A for the calculation procedure to be-used when there are more than two

laboratory sample. Annex A also providesyan alternative calculation for two valuej
Fatory sample.

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

1
2n “

1

n
bR = (J’iA —)’iB)2
=1

is the-index of the sample, i=1 to n (n = 10);
are the log-transformed data, in log;( cfu/g or ml, from conditions A and B res

xafiple of the manual calculation is given in Table 1. Calculations were performed in E

itions tested
I on the total

m each test

ory sample.
values from
from each

ee 5.2.2.2),
hlaboratory

M)

pectively.

kcel®1) from

valu

pscshawn for the dilution factors (d) and colonies counted () Derived values have he

en rounded

for display, but accuracy was kept in the calculations without rounding.

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
0,2421 0,058 6
1 B 3 50 | 4 63 5,7 x 10* 4,757 9
2 A 5 61| 6 67 6,1 x 106 6,784 7
-0,043 2 00019
2 B 5 66| 6 74 6,7 x 106 6,827 8
3 A 4 168 5 18 186 1,7 x 106 6,2281
0,3010 0,090]6
3 B 4 86| 5 7 93 8,5 x 10° 59271
4 A 5 266| 6 25 291 2,6 x 107 7,422 5
0,270 8 0,073|3
4 B 5 140| 6 16 156 1,4 x 107 7,151 7
5 A 6 45 7 5 50 4,5 x 107 7,657 6
0,540 6 0,29213
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 0,0021
6 B 4 117 5 10 127 1,2 x 106 6,062 4
7 A 2 92| 3 8 100 9,1x103 3,9586
-0,158 4 0,025]1
7 B 2 131 3 13 144 1,3 x 104 4,117 0
8 A 3 139 4 13 152 1,4 x 108 51405
-0,016 8 0,000]3
8 B 3 143)| 4 15 158 1,4 x205 5,157 3
9 A 1 49| 2 5 54 4,9°% 102 2,6910
-0,4199 0,176 3
9 B 1 129| 2 13 142 1,3 x103 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)=  0,067/0
s;p=v0,067= 0,258[9
c
x;; are the calfulated colony counts én-test portions, e.g. x1p = 1091 21% =103 % =103x57,3=5,73x10*.
Annex A depcribes the ealculations for the general case of more than two values from each laborgtory
sample and|also illustrates how the calculations may be performed using analysis of variance (ANDVA)
in the geneijal case eftwo and more values from each laboratory sample.
NOTE The tTeproducibility standard deviation inevitably includes any of the matrix and distributfional
components [relevant 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

12
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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

3 pn +£1 it 1ol 4+ RSP |
Obtallucu O UIIT IIICT IdDUT AtUT Yy StuUuu y.

The [procedure used to check this condition is met, and to form a combined uncertainty estimate
with the possible additional factors not covered by the interlaboratory study, is described| in detail in
ISO 21748.

5.2.3.1.2 Use in food microbiology

Limitations to the use of interlaboratory method validation studies té-estimate technical puncertainty
are yummarized below.

— Reproducibility parameters derived from interlaboratory<method validation studjes are not
hvailable for all methods.

— [T'he extent to which taking the test portion and preparation of the initial suspension includes matrix
bffects will depend on the experimental design of the interlaboratory method validatioh study.

— Precision values from an interlaboratory method validation study will have been obtained under
imited and precisely defined conditions. Combinations of matrix, strain of test micfoorganism,
rontamination level, stress treatment, etc. are used to provide homogeneous and standardized
samples for interlaboratory studies with or without a defined background microfloral Hence, the
hatural variation in sample contamination that may be found in practice is reduced, thefeby leading
fo an under-estimate of the uncertainty. So, even if reproducibility data are availablg, it may be
Hifficult to generalize from artificial trials to routine analyses performed by the laboratory.

— |tis unlikely that adequate detail is available to correct the reproducibility standard deviation for
inwanted uncertainty components, in accordance with Annex D.

For these reasons, the se of the reproducibility standard deviation from an interlaborptory study
of tHe method is only_a second option, after reproducibility standard deviation from intrplaboratory
expgriments (see’5.2.2).

5.2.3.2 Interlaboratory proficiency tests

For ynéertainty estimation, the estimate of reproducibility derived from participants in 4 PT may be
use nn]y in the Fn]]nwing situation

— 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 and 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.

© IS0 2019 - All rights reserved 13
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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

& —restts—as—deseribed—above—rhis—hnormal—differs—from—the—standard—dewation for
o Ve—HS—hHeFRary—6aite O+ He—5+t ereYiatto

participant

TCoTTeyy o—orcotrroco—oo ™I oot T

proficiencyjassessment used to calculate z-scores (a performance statistic defined in ISO 13528}.
However, as described in 5.2.2.2.3, results obtained in a laboratory by analysis of at|least|two
test portionms of an interlaboratory PT sample may be included in that laboratory’s @ssessmept of
intralaboragory reproducibility.

6 Matrix uncertainty

6.1 Gengdral aspects

A test resulf can be affected by both matrix composition and microbial distribution. In this document,
the term “npatrix uncertainty” refers only to the effects of microbial distribution in a given matriy, i.e.

the variatia
reflects the

sample. Maftrix uncertainty differs from sampling uncertainty (see 5.1.2), which is not covere

this docum
used. This

uncertainty
to the distr
whether thg

If the matd
matrix unc

contaminat
be highly hg

for multi-cdmponent productstwith several distinct parts, such as pizzas or ready-to-eat cooked

elgf-cut

It can also
vegetables.
portion (seg

If the comp
the applica
similar mat]

extent to which the individual test portions are notrepresentative of the overall labora

ent. The matrix uncertainty is regarded as being independent of the analytical me
means that the matrix uncertainty estimated for a matrix can be applied as the m
contribution for all quantitative tests(n this matrix. Consideration should also be g
bution of the different types of micréorganisms in the sample and the sample history
sample was contaminated afterproduction).

rial is effectively homogeneous, such as well-mixed liquids (milk, water, drinks)
ertainty is expected to be-small. However, it is well knownl1Z] that the natural micr
on of certain food products (especially solid, processed, or fermented products, etc.)
terogeneous and thisean contribute a large uncertainty component. This is especially

bccur with othefAoods including powders (e.g. dried milk powder), cheeses and fr
For such heterogeneous materials, the uncertainty can be reduced by taking a larger
ISO 6887-1).

psitionsof the material is likely to affect substantially the performance of the method,
bility \of the intralaboratory reproducibility value should be considered as restrictg
efials; e.g. direct enumeration of sub-lethally damaged organisms in processed foods

n between results from different test portions taken-from the same laboratory sample. It

tory
d in
thod
htrix
iven
(e.g.

the
bbial
can
true
als.

test

then
d to
DI in

plant hygier

1€ samples; see also 15U b6oco/-1.

See Annex B for more details.

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

uncertainty 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).
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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
[SO $887-T and ISU 72T8.

6.3 | Multiple test portions from laboratory samples

Matgix uncertainty may be estimated as the within-laboratory-sample repeatability standar{d deviation,
by aphalysing multiple test portions in repeatability conditions from one or@mere laboratgry samples,
using the experimental design in Figure 3.

Laboratory sample

Y

Test sample

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

y Yy | S

|
Initial suspension Initial suspension ! Initial suspension |

A

| |

| |
Analysis Analysis ! Analysis !
q======- |
|
¥ Y SU A

’ \

Result Result : Result |

% )

< Repeatability 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 wiTeTT COTSTAETINE TTAtTICES Of the SaIme type-

Alternatively, test portions may come from multiple laboratory samples, which may be analySed oyer a
period of tifne so as to give a more generally applicable estimate of matrix uncertainty.

In all cases,|at least two test portions shall be taken from each laboratory sample, and-the total number
of test portjons shall be at least ten more than the number of laboratory samples. Forexample:

— 2 test pjortions are taken from each of 10 laboratory samples; or

— 11 test portions are taken from 1 laboratory sample.

Refer to 5.2]2.3.1 for defining acceptable results. In brief:

— colony ¢ount techniques; at least 30 counted colonies;

— methods including partial confirmation; at least half of tested colonies confirmed;
— MPN-based methods; at least five positive test results:

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

Calculate the repeatability standard deviation“in accordance with Annex A. For a single labordtory
sample, this is equivalent to the standard“deviation of the log;, transformed data. For multiple
laboratory samples, it is equivalent to a one-way ANOVA by sample on the log;, transformed data.

NOTE The repeatability standard deyiation inevitably includes any of the technical and distributjional
components [relevant to the repeatability data. If uncertainty of a test result is calculated by combining this
repeatability standard deviation with technical and distributional components relevant to the test result, fthere
will be an overestimate of uncertainty. The laboratory can choose to avoid this overestimation, at the experjse of
more complicated calculations; by subtracting any of the relevant distributional uncertainty components [from
the repeatabjility standard deviation. This optional alternative approach to give a corrected standard devigtion,

Sy.corr 1S described in Annex/b:

6.4 Known characteristic of the matrix

bd of
‘rom

The laboratjofy,may be able to ]udge from prlor knowledge the matrlx uncertalnty to be expect
a given laboratory sampte. T i '
laboratory samples expected to have a similar matrix uncertalnty (matrlx homogenelty)

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
distributi inti i i ulate these
distgibutional uncertainties from values underlying each individual result, in accordance @ifth 7.2 to 7.4.

7.2 | Colony-count technique — Poisson uncertainty

For methods based on a colony-count technique, there is a minimum diStributional pncertainty
contfibution depending on the total number of counted colonies used in thejcalculation of the result, £C
(seellSO 7218).

Tablp 2 gives the values of the Poisson standard uncertainty, up,;&,» In units of log;,, for values of
counjts (2C) from 1 to 40.

If 2= 0, that is no colonies are counted, up;qs,, = 0,434.

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

x{ Upoisson xC Upoisson ¢ 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
q 0,177 16 0,109 26 0,085 36 0,072
7 0,164 ¥ 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

Upoiskon fOr othepvalues of XC can be calculated using Formula (2):

-~ 1/In(10) 0,4343

U pgisson = -
P NOYAN Yo

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

(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
T 0;355% 04302 04605 04769
2 0,202 3 0,2627 | 0,2868 | 0,2999
3 0,1349 0,194 6 0,217 7 0,2300
4 0,088 8 0,154 1 0,177 6 0,1900
5 0,045 4 0,125 4 0,150 1 0,162 8
6 0,102 7 0,1293 0,142.7
7 0,083 4 0,112 6 0,1268
8 0,0657 | 0,0986 0,113 6
9 0,047 8 0,086 2 0,102 4
10 0,026 1 0,0750 0,092 6
11 00646 | 0,0838
12 0,054 4 0,0757
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 other numbers can be (calculated from Formula (3), which is derived from ISO 29201:2012,
Formula (E4):

1 (nc+0,5)(np—nc+0,5)nl§

- 3
conf b 303 (3)

u
(np+1)" (n, +2)n2

Ifn =0, calpulate'u . sas if n. = 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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8 Combined and expanded uncertainty
8.1 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:

D) matrix standard uncertainty;
B) distributional standard uncertainties.

b) |f consistent with laboratory protocols and client requirements, reproducihility standayd deviation
hlone (see 8.1.3).

8.1.2 Combined standard uncertainty based on separate technicaly/ matrix, and distrjbutional
standard uncertainties

Technical standard uncertainty, u,., is estimated in accordance with Clause 5 as a re}a)ﬁoducibility
standard deviation, which may be corrected for matrix and.diStributional standard uncertalinties, as an
optipnal alternative procedure, in accordance with Annex B:

— Htech = Spy OT

—  Htech = SR:corr
Matrix standard uncertainty, u,, .. i, 1S estimated in accordance with Clause 6. If matrix pncertainty
is eqtimated in accordance with 6.3 from ‘multiple test portions of laboratory samples,|the matrix
standard uncertainty is estimated as:the repeatability standard deviation, which may be corrected
for dlistributional standard uncertainties, as an optional alternative procedure, in accofdance with
Annex D:
— U =S5, or

matrix r

—  Hmatrix = Sricorr

Any [relevant distrjblitional standard uncertainties (Upisson
undg¢rlying the reported result, in accordance with Clause 7.

Uconp Umpn) are calculated fr¢om the data

Then, calculdte the combined standard uncertainty as the square root of the sum of thg squares of
techpical,.matrix, and any relevant distributional standard uncertainties. Note that not all t¢rms will be
inclyded\for 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 Colony-count methods, without partial confirmation: u, \/utech + umamx + u%msson
EXAMPLE 3 Colony-count methods, with partial confirmation: u_ (y) = \/utzech +u12natrix +uI2’oisson +ugonf
EXAMPLE4  MPN methods: u, \/utech U2 i HUSPN

NOTE 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-
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8.1.3 Combined standard uncertainty based on reproducibility standard deviation alone

Reproducib

ility 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):
uc(Y) = SR

(4)

8.2 Expalndcd tncer ta;ut'_y

Use Formul
(see 8.1) wi
to a confide]

U=2u]

h (5) to derive the expanded uncertainty U from the combined standard uncertainty
th a coverage factor k chosen, in this document, as a value of 2 (to correspond approxim
nce level of 95 %):

()

8.3 Worked examples

8.3.1 Exa

Suppose a v

mple 1 — Technical, matrix and Poisson components of uncertainty

alidated method using 1,0 ml inocula on one plate ofieach of two successive dilution

technical upcertainty estimated previously in accordance with Clause 5, as u,.., = 0,15 log;, cfu/g.

Then suppo
at 1073 diluf

Then the w

count is 5,0

The distrib
%C =110; hd

0

se that the method applied to a homogenous labeératory sample gave the following res
ion, 102 colonies, and at 10~# dilution, 8 colofi€s.

(102+8)

eighted mean colony count is %103 =1,0x10° cfu/g, for which the log;, cg

)

loglo CfU/g.

utional standard uncertainty tpg;,, iS determined from the total number of colg
nce,

4343 0,4343

Upgisson =

The ratio uy

=0,0414 log,, cfu/g [see Formula (2)].

/110 10,49

OiS8501n/zutedl = 0,044 4/0,15 = 0,276, which is greater than 0,20 so up;.,,, cannot be negle

(see NOTE i

For a homogeneous.matrix, the matrix standard uncertainty u

matrix —

0,1 log; cfu/g (see 6.2).

— The combined standard uncertainty (see 8.1.2) is:

has

ults:

lony

nies

cted

u. (y)=40,152+0,102 +0,041 4% = /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 colony 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).
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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.

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

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

Table 4 — Example of calculation for Poisson, matrix and cenfirmation 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

Frorh 7.3: for n, = 5 and n = 4, Uco¢ = 0,088 8. ug,, ¢/Urey, = 0,088 8/0,15 = 0,592, which is greater than
0,2 o u,,r cannot be neglected (see NOTE in 8.1.2).

Thete are no other distributional components so the combined standard uncertainty (see 8}{1.2) is:

L (7)=40,15% +0,10% +0,041 429,088 82 =,/0,0421 =0,205

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

NOTE The result of the cohfirmed count is 4,90 + 0,41 log;, cfu/g whereas that of the presumptive count (see
exanpple 1) was 5,0 + 0,37 lagy, cfu/g.

8.3.4 Example 4=+Technical, matrix and most probable number components

A lalporatory 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..,
takep as &gual to the reproducibility standard deviation, s;, derived from an interlaboratpry method
validation study was determined to be 0,49 log;, MPN/ml, based on 20 replicate sample tesfs.

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+0,19% =,/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.

NOTE1 The combined standard uncertainty estimate would have been the same for a log;, MPN estimate of
0,42 or even 6,42.

NOTE2  S¢me MPN tests require confirmation of the presence of the target organism. In that situgtion,
calculation of the MPN and its uncertainty are determined from the number of confirmed positive results.

9 Exprepssion of measurement uncertainty in the test reports

9.1 Gendral aspects
MU should be reported in the same unit as the test result.
As indicatedl in 8.1.1, the reported MU may be based on one of the two fallowing options:

— reprodicibilitystandard deviationand separate estimations of matrixand anyrelevantdistributjonal
uncertdinties; or

— reprodicibility standard deviation alone.

When an egtimate of MU is required in the test report, include in the report an explicit statement|that
the indicatdd MU is an expanded uncertainty, together'with a statement of the confidence level arjd an
indication that the MU has been estimated in accordance with this document. For example:

“The reported expanded measurement: Gncertainty has been estimated in accordance with
ISO 19036 and is based on a standard uncertainty multiplied by a coverage factor of k = 2, providing
a level ¢f confidence of approximately 95 %.”

If the MU i based on reproducibility standard deviation alone, this shall be made clear in the| test
report. For pxample:

“The reported expanded “rheasurement uncertainty has been estimated in accordance with
ISO 19036 and is based-on’'a standard uncertainty multiplied by a coverage factor of k = 2, providing
a level pf confidenegrof approximately 95 %. Combined standard uncertainty has been takgn as
equal t¢ the intralaboratory reproducibility standard deviation.”

The numbef of figures in a reported MU should always reflect practical measurement capabilitly. In
view of the[proeess for estimating uncertainties, it is seldom justified to report MU to more than|two
significant figures. It is therefore recommended that the expanded uncertainty be rounded toftwo
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; 10 + 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

6:2019(E)

Resylts below the limit of quantification (LOQ) can arise, for example:
— for a colony-count method, when the number of counted colonies is zero, 2C = 0;

— for a colony-count method with partial confirmation, when the number ©f-confirmed
pero, n. = 0;

— for an MPN method, when there are no detection results, x; = 0 for all:

Althpugh such results could be interpreted as zero, they are often expressed as “< x; 5" W
the 1LOQ in cfu/g or ml.

Relepant sections (see 7.2, 7.3 and Annex C) include calculatién of distributional standard
in sych circumstances so that combined standard uncertainty and expanded uncertainty,
can be calculated in log;, units in accordance with Clause 8.

Howjever, the result is consistent with a measurand value of zero cfu/g or ml. When exg
resullt as a natural value with limits, option c) in®.1, calculate the upper limit as if the resu
to the LOQ and take the lower limit at zero.

Howjever, log zero is undefined and whenlexpressing the result as log;, result with limits,
lowdr limit as “less than”; < (log; X, gg)="U.

9.2. Example

Subdlause 8.3.1 is an examiple of a colony-count method with u., = 0,15 log,
u =0,1logy, cfu/g,

matfix

If a laboratory sample gave zero counted colonies at 101 dilution and at 10~2 dilution, ther
7.2 gives Upicson 0434 log, cfu/g.

Compined stdndard uncertainty and expanded uncertainty can be calculated in accordar
and B.2:

colonies is

here x; o is

ncertainty
1.(y) and U,

ressing the
t was equal

express the

cfu/g and
XC=0and

ce with 8.1

) =4/0,152 +0,102 +0,434 =/0,2209 0,470 log,, cfu/g

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

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

0% 2C 101 L _g,091 cfu/g

X =1
LoQ 1,1 1,1
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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

107107V — 100,019 =1,044 cfu/g

Note that yf,o~U can be negative but 10”1007V g always positive.
With appropriate rounding, the result with its uncertainty can be expressed as:
a) log;, result with + U: <y, oo = Ulogy, cfu/g;
e.g.<0p6 £ 0,94 log,, cfu/g;
b) log;, result with limits: <y, oqlogyo cfu/g [<y10q = Ui yioq + Uk
e.g. < 0p6 log;, cfu/g [<0,02; 1,90];

) naturalresult value with limits: < x; 54 cfu/g [O;IOyLOQw } ;

e.g. <9l cfu/g[0,0; 79,2].
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Annex A
(informative)

Calculation of standard deviations with two or more than two test
portions (intralaboratory reproducibility standard deviation and
matrix uncertainty standard deviation)

Subdlauses 5.2.2.2 and 5.2.2.3 describe the experimental protocol and calculations for.€§timation of
reprpducibility standard deviation from intralaboratory experiments, with exactly two t¢st portions
from each laboratory sample. As shown in Figure A.1, the experimental protocegl.can be gxtended to
more than two test portions from each sample and/or differing numbers of test_portions for different
samples.

Laboratory sample

\i
Test sample

Y

_________________ R B
Y Y . | \J
|
Test portioh Test portion , Testportion | [ etc.
r-———-—-- 4
|
| Artificial | ' Y il LA |
' contamination ~-»=| Initiaksuspension Initial suspension | Initial suspension |
' (ifneeded) ! Lo Fmmmm e s
| 1 |
Y Y . V.o
|
Analysis Analysis ! Analysis !
r-———-—-- 4
|
Y Y R
’ \\
Result A Result B E ResultC |
\ /I
/I ,\

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 2
2.2 (vi=7i)
i=1j=1
S[ROrs, = (A.1)

i isthe index of the laboratory sample (i=1, 2, ..., n);
J  isthe index of the value of test portion within the samplei (=1, 2, ..., p;);

Pi
— Zyij
yizi

P
For a singl¢ sample, n = 1, which can occur when assessing ‘matrix uncertainty, this is simply the
standard dgviation of the log;, transformed data.

Table A.1 shows the manual calculation on a data set-$imilar to that in Table 1. Calculations yere
performed |n Excel®1) from values shown for the dilutign factors (d) and colonies counted (C). Detfived
values have|been 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:

SIR=

See Table A.2.

0,06159 =0,24817

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

Taple A.2 — Calculations of intralaboratory reproducibility standard deviation for ;Lnalytical
results on multiple samples, using a tool with one-way analysis of variance

Angyva: Single factor

SUMMARY

Grofips Count Sum Average Varianece

Row| 1 3 15,15589 |5,051963 0,104°423

Rowf 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 |7,38274 0,146 128

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

Row 7 3 12,249 03544,083 009 0,012 404

Row 8 2 10,297\72 {5,148 858 0,000 141

Row{ 9 4 115924 72 2,981 18 0,048 398

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

ANQVA

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

Betyeen 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

Totdl 52,312 52 25

Key

SS: qum of'\squares, df: degrees of freedom, MS: mean of squares, F: F-distribution variable, P-value: significance level,

F-crit:critical 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
colonies wh
distributed
distributed

Solid foods,
in deep tisg
microcolon

If pieces of
to form a ¢
distributed
throughout
relative lev
disrupted d
the food pr
relative qug
distributed
other powd
batch [see H

Even when
contaminat
is referred {

For more in|

a)

NOTE

[see Figure (B.1), case A], although both individual cells and small clusters of cells can

form

en plated on agar. Solid foods such as cheese contain cells and clusters of microorgan
within and between the original particles that form the product, but they are generallj
randomly and most often occur as a contagious distribution [see Figure (B.1), case B].

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

isms
y not

[ not

and

throughout the multi-component product, but the bacterialare not randomly distri

ntity and quality of the ingredients and the extefitto which the manufacturing proces
these bacteria throughout the batch of produet. A similar situation occurs if dried milK
er products are contaminated by specific arganisms in only a small proportion of a prg

igure (B.2)].

the laboratory sample has been made-homogeneous prior to analysis, variation in levg
on occurs between different testportions, especially for solid food matrices. Such varis
o in this document as the “matriXuncertainty”.

fformation on the distribugtion of microorganisms in foods, see Reference [17].

h solid ingredient (e.g. meat) are mixed with other ingredients (e.g-vegetables and satces)
omposite food product, then the surface bacteria from all thé\solid ingredients bedome

ted

the final food product. The numbers of bacteria that occurp in the food matrix reflecf the
bls of contamination of each of the ingredients and the €xtent to which microcolonie$ are
uring the manufacturing process. The levels of contamination in several test portions of
bduct taken for analysis are not consistent. The levels of specific bacteria reflect both the

has
and
duct

Is of
ition

Case A: random distribution
clumps and microcolonies

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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