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Food Hygiene, Safety Management and Other Systems, FAD 15

NATIONAL FOREWORD

This Indian standard (Part 3) which is identical with ISO 16140-3 : 2021 ‘Microbiology of the food
chain — Method validation — Part 3: Protocol for the verification of reference methods and validated
alternative methods in a single laboratory’ issued by the International Organization for Standardization
(ISO) was adopted by the Bureau of Indian Standards on recommendation of the Food Hygiene, Safety
Management and Other Systems Sectional Committee and approval of the Food and Agriculture
Division Council.

This Indian Standard is published in six parts which are identical adoptions of their corresponding
ISO standards. The other parts in this series are:

Part 1 Vocabulary

Part 2 Protocol for the validation of alternative (proprietary) methods against a reference
method

Part 4 Protocol for single-laboratory (in-house) method validation

Part 5 Protocol for factorial interlaboratory validation of non-proprietary methods

Part 6 Protocol for the validation of alternative (proprietary) methods for microbiological

confirmation and typing

The text of ISO Standard has been approved as suitable for publication as an Indian Standard
without deviations. Certain terminologies and conventions are, however, not identical to those used in
Indian Standards. Attention is particularly drawn to the following:

a) Wherever the words ‘International Standard’ appear referring to this standard, they should be
read as ‘Indian Standard’.

b) Comma (,) has been used as a decimal marker, while in Indian Standards, the current practice
is to use a point (.) as the decimal marker.

In this adopted standard, reference appears to certain International Standards for which Indian Standards
also exist. The corresponding Indian Standards, which are to be substituted in their respective places,
are listed below along with their degree of equivalence for the editions indicated:

International Standard Corresponding Indian Standard Degree of
Equivalence

ISO 6887-1 Microbiology of the food IS 10232 : 2020 Microbiology of the food Identical with

chain — Preparation of test samples, chain — Preparation of test samples, ISO 6887-1 :

initial suspension and decimal dilutions initial suspension and decimal dilutions 2017

for microbiological examination — for microbiological examination —

Part 1: General rules for the preparation General rules for the preparation of

of the initial suspension and decimal initial suspension and decimal dilutions

dilutions (second revision)

ISO 6887-2 Microbiology of the food IS 15990 : 2012 Microbiology of food Identical with

chain — Preparation of test samples, and animal feeding stuffs — Preparation ISO 6887-2 :

initial suspension and decimal dilutions of test samples, initial suspension and 2003

for microbiological examination — decimal dilutions for microbiological

Part 2: Specific rules for the preparation examination — Specific rules for the

of meat and meat products preparation of meat and meat products

ISO 6887-3 Microbiology of the food IS 17448 : 2020 Microbiology of the food Identical with

chain — Preparation of test samples, chain — Preparation of test samples, ISO 6887-3 :

initial suspension and decimal dilutions initial suspension and decimal dilutions 2017

for microbiological examination —
Part 3: Specific rules for the preparation
of fish and fishery products

for microbiological examination —
Specific rules for the preparation of fish
and fishery products

(Continued on third cover)
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Introduction

0.1 The ISO 16140 series

The ISO 16140 series has been expanded in response to the need for various ways to validate or verify
test methods. It is the successor to ISO 16140:2003. The ISO 16140 series consists of six parts with the
general title, Microbiology of the food chain — Method validation:

— Part 1: Vocabulary;
— Part 2: Protocol for the validation of alternative (proprietary) methods against a reference method;

— Part 3: Protocol for the verification of reference methods and validated alternative methods in a single
laboratory;

— Part 4: Protocol for method validation in a single laboratory;
— Part 5: Protocol for factorial interlaboratory validation for non-proprietary methods;

— Part6: Protocol for the validation of alternative (proprietary) methods for microbiological confirmation
and typing procedures.

ISO 17468 is a closely linked International Standard, which establishes technical rules for the
development and validation of standardized methods.

In general, two stages are needed before a method can be used in a laboratory.

— The first stage is the validation of the method. Validation is conducted using a study in a single
laboratory followed by an interlaboratory study (see ISO 16140-2, ISO 16140-5 and ISO 16140-6).
In the case when a method is validated within one laboratory (see ISO 16140-4), no interlaboratory
study is conducted.

— The second stage is method verification, where a laboratory demonstrates that it can satisfactorily
perform a validated method. This is described in this document (i.e. ISO 16140-3). Verification is
only applicable to methods that have been validated using an interlaboratory study.

In general, two types of methods are distinguished: reference methods and alternative methods.

A reference method is defined in ISO 16140-1:2016, 2.59, as an “internationally recognized and widely
accepted method”. The note to entry clarifies that “these are ISO standards and standards jointly
published by ISO and CEN or other regional/national standards of equivalent standing”.

In the ISO 16140 series, reference methods include standardized reference (ISO and CEN) methods as
defined in ISO 17468:2016, 3.5, as a “reference method described in a standard”.

An alternative method (method submitted for validation) is defined in ISO 16140-1:2016, 2.4, as a
“method of analysis that detects or quantifies, for a given category of products, the same analyte as
is detected or quantified using the corresponding reference method”. The note to entry clarifies that:
“The method can be proprietary. The term ‘alternative’ is used to refer to the entire ‘test procedure
and reaction system’. This term includes all ingredients, whether material or otherwise, required for
implementing the method”.

[SO 16140-4 addresses validation within a single laboratory. The results are therefore only valid for
the laboratory that conducted the study. In this case, verification (as described in this document) is not
applicable. ISO 16140-5 describes protocols for non-proprietary methods where a more rapid validation
is required or when the method to be validated is highly specialized and the number of participating
laboratories required by ISO 16140-2 cannot be reached. ISO 16140-4 and ISO 16140-5 can be used
for validation against a reference method. ISO 16140-4 (qualitative and quantitative) and 1SO 16140-5
(quantitative only) can also be used for validation without a reference method.
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The flow chart in Figure 1 gives an overview of the links between the different parts mentioned above.
It also guides the user in selecting the right part of the ISO 16140 series, taking into account the purpose

of the study and the remarks given above.

Choose

1SO 16140-2
Choose

ISO 16140-5
Choose

1SO 16140-4
Choose

1SO 17468

Are specific (e.g. legal)
requirements given to use
1SO 16140:2003 or ISO 16140-2?

To validate alternative
(proprietary) methods

START: Is the method validated
(performance characteristics are given)?

To validate non-
proprietary methods

To do a single-
laboratory validation

To validate reference
methods

Is the method validated in accordance with ISO 16140-4?

Choose
1SO 16140-2

Apply method only in that particular
laboratory (incl. scope extension)

Is the (food) category to be

tested in the scope of D—P[ For extension of the scope of a reference method IS%hT;ZZB
validation of the method?
p For extension of the scope of an alternative (proprietary) method validated Choose
in accordance with ISO 16140-2 1SO 16140-2
p For extension of the scope of a non-proprietary method validated in accordance Choose
with ISO 16140-5 1S0 16140-5

For use of the (food) type in a single laboratory, in the case of:
Choose
1SO 16140-4

a) an alternative (proprietary) method validated in accordance with [SO 16140-2; or
[ b) anon-proprietary method validated in accordance with ISO 16140-5; or
c) areference method with performance characteristics; or
d) areference method without performance characteristics.

Choose
1SO 16140-3
(verification)

Figure 1 — Flow chart for application of the ISO 16140 series

» o«

NOTE1 In this document, the words “category”, “type” and/or “item” are sometimes combined with “(food)”
to improve readability. However, the word “(food)” is interchangeable with “(feed)” and other areas of the food
chain as mentioned in Clause 1.

NOTE 2  The general principle for method verification is that the method to be verified (either alternative or
reference) has been validated. However, some reference methods (including ISO or CEN standards) are not yet
(fully) validated. For verification of these methods, the protocols are described in Annex F.

ISO 16140-6 is somewhat different from the other parts in the ISO 16140 series in that it relates to
a very specific situation where only the confirmation procedure of a method is to be validated [e.g.
the biochemical confirmation of Enterobacteriaceae (see 1SO 21528-2)]. The confirmation procedure
advances a suspected (presumptive) result to a confirmed positive result. The validation of alternative
typing techniques (e.g. serotyping of Salmonella) is also covered by ISO 16140-6. The validation study
in ISO 16140-6 clearly defines the selective agar(s) from which strains can be confirmed using the
alternative confirmation method. If successfully validated, the alternative confirmation method can
only be used if strains are recovered on an agar that was used and shown to be acceptable within the
validation study. Figure 2 shows the possibilities where an alternative confirmation method validated
in accordance with ISO 16140-6 can be applied (see text in the boxes).
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Reference method

Detection method

. . Isolation: ) .
Testportion ——> Enrichment —> solation —>| Confirmation: . . .
Selective agar(s) _ biochemical Alternative confirmation

_ immunolosgical ' method validated in

Enumeration method _ molecularg accordance with this document

Enumeration: [validated for specific agar(s)]
—> - etc.

Selective agar(s)

Test portion

Alternative method validated in accordance with ISO 1614.0-2

Detection method . Confirmation is not
Test portion ——> Detec::ilon —> included in the protocol
procedure of the alternative method

X Lo Are any of the confirmation
E i Confirmation is procedures for the alternative Covered by
Test portion ————> Enumeration included in th idation i
estportion procedure —> rotl(l)col Olfrt[hee —>| method based on a reference Yes _ valld:«:itlon m ith
P method or is confirmation accordance wi

alternative method ; ) . i
starting from an isolation this document

Enumeration method

agar that is included in the Not covered by
validation study in accordance cz validation in
with ISO 16140-2? 9 accordance with
this document

Figure 2 — Use of validated alternative confirmation methods (see ISO 16140-6)

EXAMPLE An example application of a validated alternative confirmation method is as follows.

An alternative confirmation method based on ELISA has been validated to replace the biochemical confirmation
for Salmonella as described in ISO 6579-1. In the validation study, XLD (mandatory agar in accordance with
ISO 6579-1) plus BGA and a specified chromogenic agar (two optional agars for second plating in accordance with
[SO 6579-1) were used as the agars to start the confirmation. The validated confirmation method can be used to
replace the biochemical confirmation under the following conditions:

— Dby laboratories using the ISO 6579-1; or
— bylaboratories usingan ISO 16140-2 validated alternative method that refers to ISO 6579-1 for confirmation; or

— by laboratories using an ISO 16140-2 validated alternative method that starts the confirmation from XLD
and/or BGA agar and/or the specified chromogenic agar.

The validated confirmation method cannot be used under the following conditions:

— Dby laboratories using an ISO 16140-2 validated alternative method that refers only to agars other than those
included in the validation to start the confirmation (e.g. Hektoen agar and SS agar only); or

— Dby laboratories using an ISO 16140-2 validated alternative method that refers only to a confirmation
procedure that does not require isolation on agar.

0.2 Verification versus validation
ISO 16140-1:2016 defines the terms for validation and verification, as follows:

— validation: establishment of the performance characteristics of a method and provision of objective
evidence that the performance requirements for a specified intended use are fulfilled;

— verification: demonstration that a validated method performs, in the user’s hands, according to the
method’s specifications determined in the validation study and is fit for its intended purpose.

NOTE1 The user’s hand means the user laboratory.
Method verification applies to methods that are:

— reference methods, including ISO or CEN standards, that are validated using at least an
interlaboratory study;
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NOTE 2  However, some reference methods (including ISO or CEN standards) are not yet (fully) validated.
For verification of these methods, the protocols are described in Annex F.

— alternative methods, proprietary or otherwise, when the validation included an interlaboratory
study. The method has been validated in accordance with

— IS0 16140-2 for alternative (proprietary) methods,
— IS0 16140-5 for non-proprietary methods, or
— IS0 16140-6 for alternative (proprietary) confirmation and typing methods.

In a validation study, it is not possible to test all existing foods; the diversity and number of samples
used in any validation study is limited. In most cases, the validation is based on five different food
categories (categories as defined in ISO 16140-1:2016, 2.11, and specified in ISO 16140-2:2016, Annex A).
Sometimes the validation is supplemented with additional (other) categories such as pet food and
animal feed, environmental samples (food or feed production), and/or primary production samples.

When a minimum of five different food categories are validated, the method is regarded as being
validated for a “broad range of foods”. And even though only five food categories are tested during
the validation study, the method is expected to work for any type of food samples within the 15 food
categories in ISO 16140-2: 2016, Annex A. In other words, the “scope” of validation of the method is a
broad range of foods, corresponding to the 15 food categories included in ISO 16140-2:2016, Annex A.
The scope of validation is important for selecting categories, types and items for the verification.

Two kinds of verification are distinguished:

— The first one is named implementation verification. Its purpose is to demonstrate that the user
laboratory is able to perform the method correctly. The user laboratory tests a (food) item that
was used in the validation study (for qualitative methods) and any (food) item within the scope of
validation (for quantitative methods) and then compares the result obtained from the verification
to the result obtained from the validation.

— The second one is named (food) item verification. Its purpose is to demonstrate that the user
laboratory is capable of testing the (food) items it claims in the scope of laboratory application. The
user laboratory tests (food) items included in the scope of validation that are commonly examined
by the user. As not all (food) items can be included in the verification, the user laboratory is asked to
test challenging (food) items.

The scope specifies the (group of) products - categories or types or items - for which the method can
be applied. Different scopes are distinguished:

— scope of the method: (group of) products - categories or types or items - for which the method is
claimed to be applicable.

— scope of validation: (group of) products - categories or types or items - for which the applicability
of the method is claimed to be validated.

NOTE The claim for the scope of validation is in most cases wider than the products that are included
in the validation study itself. For example, in the case of alternative (proprietary) methods validated
in accordance with ISO 16140-2:2016: if at least five (= 5) food categories - by using a minimum of three
different food types per category - were tested in the validation study, then the scope of validation is a
“broad range of foods” (so all 15 food categories are claimed in the scope of validation). When less than five
(< 5) food categories were tested, the scope of validation is limited to only those food categories included in
the validation.

— scope oflaboratory application: (group of) products - categories or types or items - for which the
method is claimed to be used by the laboratory and are within the scope of validation.

The overlap between the different scopes (including an example) is illustrated in Figure 3.

Vi
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Scope of the method

— . oy,
- b

- - Scope of validation ~

- ————— i
- L
-
/ - ~<

-~ Scope of laboratory application

T |
|
| |
v v
L T R o
Scope of the method | Scope of validation P Scope of laboratory application I
1 ]
—— === = — == — mmm e

Method has been validated for a “broad

Method is applicable to:

— products intended for human
consumption (15 categories);

— products intended for animal
feeding (1 category);

— environmental samples in the area
of food and feed production,
handling (1 category);

— samples from the primary
production stage (1 category).

range of foods” involving the following

food categories and food items:

— heat-processed milk and dairy
products [food item: pasteurized
milk];

— raw meat and ready-to-cook meat
products (except poultry) [food item:
minced meat];

— eggs and egg products (derivates)
[food item: whole liquid egg];

— chocolate, bakery products and
confectionary [food item: bakery
product with custard];

— multi-component foods or meal
components [food item: refrigerated

|-The user laboratory wants to verify the
method for a “broad range of foods”.

The user laboratory selects:

Implementation verification:

— food item: minced meat [category:
raw meat and ready-to-cook meat
products (except poultry)].

(Food) item verification, as these are

challenging matrices and relevant to the

food items tested by the user laboratory:

dairy products];
— smoked fish [category: ready-to-eat,
ready-to-reheat fishery products];
— alfalfa [category: fresh produce and
fruits];

pasta salad]. — black pepper [category: dried
cereals, fruits, nuts, seeds and
vegetables];

— pizza [category: multi-component

I
I
I
1
I
1
I
1
I
I
1
I
I
I
1
I
I
: — blue cheese [category: raw milk and
I
I
I
I
I
I
I
1
I
I
I
I
I
I
1
I
: foods or meal components].

Figure 3 — Overlap between the different scopes (including an example)

At the time of publication of this document (i.e. ISO 16140-3:2021), some reference methods are not
yet (fully) validated and would therefore fall outside the scope of this document. It is recognized that
standardization organizations (including ISO and CEN committees) will need time to validate their
reference methods. Therefore, these non-validated reference methods (including ISO or CEN standards)
are verified in a user laboratory according to a specific protocol (see Annex F). This is seen as a
temporary situation until these methods are validated by the ISO and/or CEN committees. For further
information, see Reference [13].

vii
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In this document:

— “shall” indicates a requirement;

— “should” indicates a recommendation;

— “may” indicates a permission;

— “can” indicates a possibility or a capability.

Information marked “NOTE” is for guidance in understanding or clarifying the associated sentence.

viii
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Indian Standard

MICROBIOLOGY OF THE FOOD CHAIN —
METHOD VALIDATION

PART 3 PROTOCOL FOR THE VERIFICATION OF REFERENCE
METHODS AND VALIDATED ALTERNATIVE METHODS
IN A SINGLE LABORATORY

1 Scope

This document specifies the protocol for the verification of reference methods and validated alternative
methods for implementation in the user laboratory.

This document is applicable to the verification of methods used for the analysis (detection and/or
quantification), confirmation and typing of microorganisms in:

— products intended for human consumption;

— products intended for animal feeding;

— environmental samples in the area of food and feed production, handling;
— samples from the primary production stage.

This document is, in particular, applicable to bacteria and fungi. Some clauses can be applicable to other
(micro)organisms or their metabolites, to be determined on a case-by-case basis.

The technical protocols for the verification of validated qualitative methods and validated quantitative
methods are described in Clauses 5 and 6. The technical protocol for the verification of validated
alternative confirmation and typing methods is described in Clause 7. The protocols for the verification
of non-validated reference methods are described in Annex F.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 6887 (all parts), Microbiology of the food chain — Preparation of test samples, initial suspension and
decimal dilutions for microbiological examination

ISO 7218, Microbiology of food and animal feeding stuffs — General requirements and guidance for
microbiological examinations

ISO 16140-1:2016, Microbiology of the food chain — Method validation — Part 1: Vocabulary

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 16140-1 and the following apply.
ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/
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alternative confirmation or typing method

confirmation or typing method submitted for validation

method of analysis that confirms or types the same analyte as is confirmed or typed using the
corresponding reference method

Note 1 to entry: The method can be proprietary. The term “alternative” is used to refer to the entire “test
procedure and reaction system”. This term includes all ingredients, whether material or otherwise, required for
implementing the method.

[SOURCE: ISO 16140-6:2019, 3.2, modified — Note 2 to entry has been deleted.]

3.2

bias

measurement bias

estimate of a systematic measurement error, or the systematic difference between the quantitative
assigned value and the average of measurement replicate results

[SOURCE: ISO 16140-1:2016, 2.9]

3.3
(food) category
group of (food) types (3.18) of the same origin

EXAMPLE Food category: heat-processed milk and dairy products. Food type: pasteurized dairy products.
Food item: creme brilée.

Note 1 to entry: The (food) categories are listed in Annex A.

[SOURCE: ISO 16140-1:2016, 2.11, modified — In the term, “(food)” has been added before “category”.
In the definition, “(food)” has replaced “sample”. The example has been modified to align with the terms
used in Annex A. Note 1 to entry has been added.]

3.4
estimated bias
eBias

determination of the bias (3.2) based on the experimental design described in this document (i.e.
[SO 16140-3)

Note 1 to entry: An accurate determination of the bias is not possible as the number of samples tested is small.
Therefore, the term “estimated bias” (“eBias”) is used in this document.

3.5

estimated LOD;,

eLOD;,

determination of the LODs, (level of detection at 50 % probability of detection) based on the
experimental design described in this document

Note 1 to entry: An accurate determination of the LODs is not possible as the number of samples tested is small
in comparison to the number of samples required in ISO 16140-2:2016. Therefore, the term “estimated LODg,”
(“eLODs,") is used in this document.

Note 2 to entry: LODs is defined in ISO 16140-1:2016, 2.35.

3.6

exclusivity study

study involving pure non-target strains (3.11), which can be potentially cross-reactive, but are not
expected to be detected or enumerated by the alternative method

[SOURCE: ISO 16140-1:2016, 2.22]
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3.7
inclusivity study
study involving pure target strains (3.15) to be detected or enumerated by the alternative method

[SOURCE: ISO 16140-1:2016, 2.31]

3.8
(food) item
single specified food, feed, environmental or primary production matrix (3.10)

EXAMPLE Food category: heat-processed milk and dairy products. Food type: pasteurized dairy products.
Food item: creme briilée.

[SOURCE: ISO 16140-1:2016, 2.34, modified — In the term, “(food)” has been added before “item”. The
example has been modified to align with the terms used in Annex A.]

3.9
laboratory sample
sample prepared for sending to the laboratory and intended for inspection or testing

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

3.10
matrix
all the components of the sample

[SOURCE: ISO 16140-1:2016, 2.38, modified — In the term, "(product)” has been deleted.]

3.11

non-target strain

strain, defined according to the scope of the reference method that would not reasonably be expected
to be confirmed, detected or enumerated by the alternative method

[SOURCE: ISO 16140-1:2016, 2.44, modified — In the definition, “confirmed” has been added to “detected
or enumerated”.]

3.12

reference material

material, sufficiently homogeneous and stable with respect to one or more specified properties, which
has been established to be fit for its intended use in a measurement process

Note 1 to entry: Properties can be quantitative or qualitative, e.g. identity of substances or species.

Note 2 to entry: Uses may include the calibration of a measurement system, assessment of a measurement
procedure, assigning values to other materials, and quality control.

[SOURCE: ISO Guide 30:2015, 2.1.1, modified — The original Notes 1 and 4 to entry have been omitted
and the notes have been renumbered.]

3.13

scope of laboratory application

categories, matrices, analytes and concentrations for an analytical method that a user laboratory (3.19)
claims to be capable of satisfactorily testing in its laboratory

Note 1 to entry: A method may have been validated to a broader range (scope) of analytes, matrices and
concentrations than the scope that will be claimed by a user laboratory. The scope of laboratory application
is < the scope of validation (3.14).
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3.14

scope of validation

categories, matrices, analytes and concentrations for which a validated method of analysis can be used
satisfactorily

[SOURCE: ISO 16140-1:2016, 2.70, modified — “categories” has been added and “matrices” has been
moved before “analytes”.]

3.15

target strain

strain, defined according to the scope of the reference method, that is expected to be confirmed,
detected or enumerated by the alternative method

[SOURCE: ISO 16140-1:2016, 2.74, modified — In the definition, “confirmed” has been added to “detected
or enumerated”.]

3.16

test portion

measured (volume or mass) representative sample taken from the laboratory sample (3.9) for use in the
preparation of the initial suspension

Note 1 to entry: Sometimes preparation of a test sample (3.17) from the laboratory sample is required before the
test portion is taken, but this is infrequently used in microbiological examinations.

[SOURCE: ISO 6887-1:2017, 3.5, modified — In the Note 1 to entry, “a test sample from” has been added
before “the laboratory sample”.]

3.17

test sample

sample prepared from the laboratory sample (3.9) according to the procedure specified in the test
method and from which test portions (3.16) are taken

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

Note 2 to entry: For confirmation and typing methods, the sample is an isolated colony on defined selective or
non-selective agar plates.

[SOURCE: ISO 6887-1:2017, 3.4, modified — In the definition, “test method” has replaced “method of
test” and Note 2 to entry has been added.]

3.18

(food) type

for a given (food) category (3.3), a group of (food) items (3.8) processed in a similar way, with similar
intrinsic characteristics and a similar microbial ecology

EXAMPLE Food category: heat-processed milk and dairy products. Food type: pasteurized dairy product.
[SOURCE: ISO 16140-1:2016, 2.78, modified — In the term and the definition, “(food)” has been added

» o«

before “type”, “category” and “items”.]

3.19
user laboratory
laboratory that implements a validated alternative method and/or a validated reference method

Note 1 to entry: Some reference methods (including ISO or CEN standards) are not yet (fully) validated. For
verification of these methods, the protocols are described in Annex F.
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3.20

validation

establishment of the performance characteristics of a method and provision of objective evidence that
the performance requirements for a specified intended use are fulfilled

[SOURCE: 1SO 16140-1:2016, 2.81]

3.21

verification

demonstration that a validated method performs, in the user’s hands, according to the method’s
specifications determined in the validation (3.20) study and is fit for its intended purpose

Note 1 to entry: Some reference methods (including ISO or CEN standards) are not yet (fully) validated. For
verification of these methods, the protocols are described in Annex F.

[SOURCE: ISO 16140-1: 2016, 2.83, modified — In the definition, “performs” has replaced “functions”
and “intended” has been added before “purpose”. Note 1 to entry has been replaced.]

4 General principles of verification of qualitative (detection) methods and
quantification methods

4.1 General

The verification of qualitative (detection) methods and quantitative methods is undertaken in two parts:
— implementation verification;

— (food) item verification.

The verification focuses on (food) items that are within the scope of validation and within the scope of
laboratory application.

Before performing method verification, the user laboratory shall refer to the validation report(s)
published by recognized standards bodies and/or method certification bodies as the source(s) for the
scope of validation and to select appropriate (food) items for verification.

Implementation verification occurs before (food) item verification. The technical rules for performing
implementation verification and (food) item verification are given in Clause 5 for qualitative methods
and Clause 6 for quantitative methods.

For the verification of non-validated reference methods, the user laboratory shall use the technical
protocols as described in Annex F.

4.2 Implementation verification

Implementation verification aims to demonstrate the competence of the user laboratory to perform the
validated method. This is achieved by its ability to obtain the expected results on a (food) item.

The user laboratory shall:
— review the validation data for the method;
— for qualitative methods:

— select one (food) item tested during the validation study that belongs within the scope of
laboratory application of the user laboratory;

— when the (food) items included in the validation study do not belong within the scope of
laboratory application of the user laboratory, the user laboratory shall obtain one of the (food)
items; this is necessary because the limit of detection of the method is affected by the (food) item;

5
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— usethisselected (food) item and the sample size that was used in the validation study to perform
the implementation verification;

— for quantitative methods: select any (food) item that belongs within the scope of validation of the
method (but not necessarily tested during the validation).

4.3 (Food) item verification

The (food) item verification aims to demonstrate the competence of the user laboratory to perform the
validated method with (food) items that are tested in the user laboratory.

The user laboratory shall:

— select one challenging (food) item from each (food) category listed within the scope of validation
(see 4.4 for details) thatis also a (food) category tested within the scope of laboratory application of
the user laboratory;

— use this (food) item and the sample size (or a smaller sample size if routinely used in the user
laboratory) used in the validation study to perform the (food) item verification.

4.4 Requirements for implementation verification and (food) item verification

Figures 4, 5 and 6 show the number of (food) items required for implementation verification and (food)
item verification under different circumstances. Figures 4 and 5 only refer to food categories. Figure 6
includes other categories.

Scope of validation Scope of laboratory application
“Broad range of foods” scope

Validated reference method or
alternative method validated in accordance
with ISO 16140-2 or ISO 16140-5

Food “Broad range of foods” scope Implementation verification
categories
tested durmg\\ (Category 1 - Types — Items )

the validation

Category 2 = Types — Items
Category 3 — Types — Items — For qualitative methods: select one food item

Categorv 4 — Tvpes — [tems tested during the validation study, belonging to
Cat gory 5 Typ It the scope of laboratory application
ategory 5 - Types — Items

\_ Yy, — For quantitative methods: select any food item
belonging to the scope of laboratory application
fCategory 6 .. )

(Food) item verification

Food /

categories
not tested
during the
validation
but included \Category 15 )
in the.scolpe — Choose a minimum of 5 challenging food items,
of validation each one from a different food category
belonging to the scope of laboratory application

Figure 4 — Food items required when verifying a method for a “broad range of foods” scope

In Figure 4, the selection of the categories for (food) item verification is given only as an example
(arrows with dotted outlines). In contrast to implementation verification, there is no obligation to select
one food item from a category tested during the validation (in the case of qualitative methods) and four
food items from four food categories not tested during the validation. The user laboratory can make its
own selection from the 15 food categories.
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The scope of laboratory application shown in Figure 4 is for a “broad range of foods”, meaning that the
user laboratory has included five or more food categories in its verification study and can therefore
claim application for a “broad range of foods”. If the scope of laboratory application is smaller than the
scope of validation, the user laboratory shall only test food items from its restricted food categories.
For example, if the scope of laboratory application is limited to three food categories, then the user
laboratory shall verify a minimum of one food item from each of the three food categories.

Scope of validation Scope of laboratory application
Validated reference method or
alternative method validated in accordance
with IS0 16140-2 or ISO 16140-5 Implementation verification
“Limited range of foods” scope
Food
categories — For qualitative methods: select one food item
tested during AN tested during the validation study belonging to
the validation the scope of laboratory application
Category 1 - Types — Items — For quantitative methods: select any food item

belonging to the scope of laboratory application
Category 2 — Types — Items sine P 1y app

Category 3 — Types — Items

(Food) item verification

— If the scope of validation covers < 5 food
categories, choose a minimum of one challenging
food item from each of the food categories
belonging to the scope of laboratory application

Figure 5 — Food items required when verifying a method for a “limited range of foods” scope

In Figure 5, the selection of the categories for (food) item verification is given only as an example. For
the “limited range of foods” scope, a limited number of food categories is tested during the validation.
It means the scope of validation is restricted to the tested categories. Consequently, the user laboratory
shall not verify the method with categories outside of the limited scope. If the scope of laboratory
application is smaller than the scope of validation, the user laboratory shall only test food items from
its restricted food categories (arrows with dotted outlines). When the scope of the validation is limited
to one category, both implementation verification and (food) item verification shall still be performed,
using a minimum of two items from the category: one item for implementation verification and another
food item for the (food) item verification.

Figure 6 shows the number of items required when food and other categories are validated and
included in the scope of laboratory application. These categories include pet food and animal feed,
environmental samples (food or feed production) and primary production samples (PPS). If any of
these other categories was included in the validation study and if it is claimed to be within the scope
of laboratory application of the user laboratory, then one item from each claimed category shall also be
included in the (food) item verification.
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Scope of validation Scope of laboratory application
“Broad range of foods and other categories” scope

Validated reference method or
alternative method validated in accordance
with ISO 16140-2 or ISO 16140-5

“Broad range of foods and other Implementation verification

Food categories” scope
categories
tested during (

the validation Category 1 > Types — Items — For qualitative methods: select one food item
V\ Category 2 — Types — Items tested during the validation study belonging to
N Category 3 — Types — Items the scope of laboratory application
Category 4 — Types — Items — For quantitative methods: select any food item
Category 5 - Types — Items belonging to the scope of laboratory application
Food \_
categories
nottested Category 6 ...
duringthe  ~ ... Category 15
validation
but included 7 - (Food) item verification
in the scope Category Pet food and animal feed
of validation - Types — Items
Category Environmental samples
Other 1] — Types — Items — Choose a minimum of 5 challenging food items,
categorles. Category Primary production each one from a different food category belonging
tested during to the scope of laboratory application

the validation | \_Samples = Types > Items

— If other categories are included, choose one item
from each of these other categories belonging to

the scope of laboratory application

Figure 6 — Items required when verifying a method for a “broad range of foods and other
categories” scope

Table 1 summarizes the minimum number of (food) items required for the different scenarios.

Table 1 — Summary of the minimum number of (food) items required for verification

Number of samples

Scope of validation i
P Imple_n!ent_a tion (Food) item verification Total
verification
“Broad range of foods” 1 25 26
scope 2 5 food categories
“Limited range of foods” scope 1 Nfooq < 4 (Nfpoq * 1) =5
N;,,q Categories
1 > 5 food items 26+ Nyher
“Broad range of foods” + +

other categories (Ny0) Scope 1 item from each of the

Ngher Other categories
< <
“Limited range of foods” 1 Niooa <4 (Nood + Nother + 1) <8
. +
N¢,0q Categories

+ other categories (N ) scope 1 item from each of the
& other) SCOP Nother Other categories

Other categoriei (Nyther) scope 1 Nother <3 (Nother + D) s 4

only

Table A.1 provides the list of (food) categories and corresponding (food) items. Annex B provides
further guidance on the selection of a challenging (food) item from each (food) category for (food) item
verification. The (food) items chosen from each (food) category shall be items that reflect the range
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of the laboratory samples received by the user laboratory, and should, as much as possible, be items
with components such as natural antimicrobial properties, vitamins, flavours and probiotics that may
interfere with the detection of the target microorganism.

4.5 Performance characteristics

Table 2 lists the required performance characteristics for method verification.

Table 2 — Required performance characteristics to be determined for verification

Method Performance characteristic Implementation verification | (Food) item verification
Qualitative |Estimated LODg, (eLODs) v v
Intralaboratory reproducibility v .
Quantitative |standard deviation (Sy) Not applicable
Estimated bias (eBias) Not applicable v

NOTE 1 The relationship between intralaboratory reproducibility standard deviation (S;3) and ISO 19036 is explained in 6.1.

NOTE 2 For the verification of qualitative method, three protocols are proposed to the user laboratory. The protocol 3
does not require a determination of an eLODg, but to target a concentration of 3 cfu to 5 cfu/test portion.

5 Qualitative methods — Technical protocol for verification

5.1 Estimated LODg, (eLODg,) determination

The eLOD;, determination is required for both the implementation verification and the (food) item
verification.

— Theuserlaboratory first follows one of the selected technical protocols outlined below in its entirety
to complete the implementation verification, demonstrating its ability to perform the validated
method correctly.

— The user laboratory then applies this same technical protocol for (food) item verification.

During the method verification, run the full procedure of the method as described, including the
confirmation procedure (if there is one). A minimum of one individual test portion at each inoculation
level needs to be confirmed, and the number of colonies for confirmation may be reduced to one.

5.2 Experimental design

The user laboratory shall select one of the three protocols described in Table 3.

Table 3 — Protocols to determine eLOD;, and number of replicates needed per inoculation level

Inoculation level of the test portion
High level | Intermediate Low level 3 cfuto 5 cfu Blank Total number of
Protocol 9 x LODg, / level 1xLODg,/ | /testportion replicates
test portion | 3 xLODg,/ | testportion
test portion
1 1 4 4 = 1 10
2 = 3 5 = 1 9
3 = = = 7
NOTE The abbreviation of colony forming units is cfu.




IS 17113 (Part 3) : 2022
ISO 16140-3 : 2021

The choice of protocol depends on the ability of the laboratory to achieve the desired level of
contamination of the test portion. Laboratory grown cultures or reference materials can be used for
inoculation (see 5.4.1).

— Protocol 1 can be used when there is uncertainty of achieving the desired level of contamination of
the test portions. This is relevant when a culture is used, without prior knowledge of the actual level
of the inoculum, to inoculate the test portions.

— Protocol 3 can be used when the level of contamination of the inoculum is known, e.g. when using a
reference material with known concentration.

— Protocol 2 can be used if the first chosen protocol did not work as anticipated, and the experiment
needs to be repeated.

Additional dilutions to that prescribed for any of the protocols can be used to minimize the need to
repeat the experiment when inoculation levels do not comply with the requirements or the verification
test results cannot be interpreted (see Tables 6 and 8). This is, however, not mandatory, but the decision
of the laboratory conducting the experiment.

The protocols shall be performed as follows.
— Prepare cultures of the target microorganisms for inoculating the (food) items.

— Ataminimum, prepare the number of test portions of the same (food) item that are required for the
selected protocol (see Table 3). Choose a (food) item that should not be naturally contaminated by
the target microorganism.

— Inoculate the initial suspensions of the test portions according to the selected protocol in Table 3.

— Determine thelevel of the target microorganismin the inoculum, at the same time as the test portions
are inoculated, by plating on a non-selective medium (e.g. plate count agar) or by performing an
MPN (e.g. 3 dilutions x 3 tubes). Enumerate in accordance with ISO 7218.

NOTE If the level of the culture used for inoculation is not known, additional test portions can be
inoculated with extra dilutions to ensure that the target levels are included in the verification.

— Analyse the inoculated test portions using the full procedure of the method being verified.

— Forprotocol 1 and protocol 2: determine the eLOD, using the positive and negative results obtained
(see 5.5 for details). For protocol 3, no eLOD, is determined. Instead, the results are evaluated
based on the number of positives found out of the seven replicates tested.

See also Annex C for additional guidance and examples.

5.3 Selection of (food) items

One (food) item is required for the implementation verification. Any (food) item that is included in the
validation and within the scope of laboratory application can be selected.

For the (food) item verification, the user laboratory shall test a minimum of one (food) item, preferably
a challenging one, from each of the required (food) categories. Details on the required number of (food)
categories to test according to the scope of validation or to the scope of laboratory application are
described in 4.4. Annex B provides guidance on how to choose challenging (food) items.

5.4 Artificial contamination

5.4.1 Selection of strains
Strains can be from:

— culture collections;
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— user laboratory collections;

— reference materials (including commercial reference materials, e.g. a freeze-dried strain with
known concentration).

When choosing the test strains, the majority should originate from the (food) categories selected for
the verification study and cover the recognized range of the target analyte with respect to the diversity
in identification characteristics (e.g. biochemical, serotype, phage type), geographical distribution and
incidence (see ISO 16140-2:2016, Annex E).

NOTE Preferably, the strains used in the verification are from sources relevant to the (food) item being
verified and a different strain is used for each of the (food) items to be tested.

5.4.2 Inoculation of the test portions

Use the LODg data of the corresponding (food) categories from the validation study of the method to
determine the level of contamination (this should be between one to nine times the LODg, see Table 3)
that will be used to inoculate the test portion. For protocol 3, use 3 cfu to 5 cfu/test portion.

If no corresponding (food) categories are available in the validation study [e.g. for a challenging (food)
item tested in (food) item verification], the LOD; value is assumed to be equal to or lower than 1 cfu/
test portion.

The following guidance is given as an example of procedures suitable for producing inocula.

— The selected strain is grown in a culture medium under conditions that enable the optimal growth
of the strain (e.g. overnight culture). Follow the procedures specified in ISO 11133:2014, 5.4.

NOTE In this document, overnight culture is specified as 16 h to 24 h of incubation.

— Enumerate the culture on a non-selective medium to determine the concentration of the strain in
cfu/ml. It is assumed that this level will be consistently achieved when the same culture conditions
are used.

— Repeat the culture under the same conditions and take into account the previously determined
concentration to prepare dilutions to cover the range for inoculation. This step is not required if the
stability of the strain is known by the user laboratory (e.g. viability after storage at 4 °C overnight).

If the user laboratory works with ready-to-use target strains with known levels (e.g. reference material),
the steps described above are not required.

The prepared inoculum is introduced directly into the initial suspension of the individual test portions.
After inoculation, the suspension is mixed thoroughly. The use of stressed cultures is recommended
but is not required (see ISO 16140-2:2016, Annex C).

Table 4 provides a guide on how to achieve the inoculation levels for each protocol.

1"
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Table 4 — Inoculation levels for each protocol

High level Intermediate level Low level 3 cfu to 5 cfu/test
Protocol 9 x LODg,/test 3 x LODg/test 1 x LODg,/test .
2 2 ; portion
portion portion portion
1 This should be ata From the high inocula- From the intermedi- =
maximum of nine times| tion level, perform a 1:3 ate inoculation level,
the expected LODs,. dilution to achieve the | perform 1:3 dilution to
intermediate level. achieve the low level.
2 = This should be at a max- From the intermedi- =
imum of three times the ate inoculation level,
expected LODg,. perform 1:3 dilution to
achieve the low level.
3 — = - The level of
contamination of the
inoculum is known,
(e.g. reference mate-
rial with known
concentration).

More dilutions can be tested to ensure that the target levels are included. Use as many dilutions as
needed but always take into account a 1:3 dilution factor between the levels.

To determine the inoculum level, enumerate, at the time the test portions are inoculated, the high-
level inoculum when using protocol 1, the intermediate-level inoculum when using protocol 2 or the
3 cfu to 5 cfu/test portion inoculum when using protocol 3, in accordance with ISO 7218 (using a non-
selective medium, e.g. plate count agar). Take into account the fact that the level of contamination of the
inoculum is very low and thus more replicates and/or a larger volume of the inoculum shall be analysed
to obtain a valid result in accordance with ISO 7218. The concentration of the low and intermediate
levels using protocol 1 or 2 will be calculated using the counts obtained and the dilution factors used.

Alternatively, an MPN determination of the inocula can be performed using a 3 dilutions x 3 tubes
MPN approach; the use of a non-selective medium for enrichment (e.g. Brain Heart Infusion broth or
Tryptone Soy Broth) is suitable (see also Annex C for more information). In this case, the results are
determined according to Table C.1.

EXAMPLE A user laboratory wants to verify the Salmonella method (see ISO 6579-1) using protocol 1.

— Based on the LODg (2,5 cfu/test portion) determined in the validation study, the range of contamination for
(food) item A will, theoretically, be 22,5 cfu/test portion, 7,5 cfu/test portion and 2,5 cfu/test portion.

— An overnight culture is prepared. Based on the preliminary enumeration, this is assumed to contain
6 x 108 cfu/ml.

— Asthe actual count of the new overnight culture is unknown, the user laboratory can use several dilutions to
cover the three target levels, using each dilution and test portions required in Table 5. In this case:

— Dilution A (60 cfu/ml): use 1 ml of 10-7 dilution of the overnight culture;
— Dilution B (20 cfu/ml): use 1 ml of 1:3 dilution of A;
— Dilution C (6,7 cfu/ml): use 1 ml of 1:3 dilution of B;
— Dilution D (2,2 cfu/ml): use 1 ml of 1:3 dilution of C;
— Dilution E (0,7 cfu/ml): use 1 ml of 1:3 dilution of D;

— Dilution F (0,2 cfu/ml): use 1 ml of 1:3 dilution of E.
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In this particular example, six dilutions are used to make sure the right dilutions are included. In total, 21
inoculated test portions will be examined together with one blank test portion. Only the three relevant levels
and the blank level (not inoculated) will be retained for the eLOD;, determination.

Table 5 — Example of dilutions and corresponding number of replicates for protocol 1, 2, and 3

using more than the minimum number of required dilutions

Protocol Dilution A Dilution B Dilution C Dilution D Dilution E Dilution F
(10-7) (1:3 of A) (1:3 of B) (1:3 of C) (1:3 of D) (1:3 of E)

1 1 4 4 4 4 4

2 - 3 5 5 5 5

3 = - 7 7 7 7

— In this example, the count making the final average contamination level for this dilution is 54 cfu/ml.

— Usingthis selected dilution (A) for the preparation of the dilutions according to Table 5 will resultin dilution B
containing 18 cfu/ml; dilution C (1:3 dilution of dilution B) containing 6 cfu/ml and dilution D (1:3 dilution C)
containing 2 cfu/ml. Dilutions B, C and D are considered to be the three relevant levels as a 1 ml inoculum
of dilution D is closest to the LODg, (2,5 cfu/test portion) of the method. See also Annex C for additional
guidance and examples.

5.5 Evaluation of results

5.5.1 Determination of eLOD, using protocol 1

Record the number of positive results obtained at each inoculum level and use Table 6 to determine the
eLODs,. The blank level shall not produce a positive result. If a positive result is obtained for the blank
level, the experiment shall be repeated for all levels.

For the evaluation of the results using protocol 1, the high-level inoculum (9 x LOD) shall produce only
positive results. If negative results are obtained, the experiment shall be repeated for all levels. Some
of the MPN combinations indicated as “unreliable MPN result” (see Tables 6 and 7) are very unlikely to
occur and the experiment shall therefore be repeated.

When more dilutions are used, the three dilutions, with the low inoculation level closest to the LODc,
level, shall be used to evaluate the data according to Table 6.

13
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Table 6 — Determination of eLOD;, based on the number of positive results per level of
contamination using protocol 1

High Intermediate Low Blank eLODg,
inoculation level inoculation level inoculation level level
targeted 9 x _LODSO/ targeted 3 x _LODSO/ targeted 1 x _LODSO/ cfu/test portion
test portion test portion test portion
1/1 4/4 4/4 0/1 <1,0 xLILa
1/1 4/4 3/4 0/1 =0,5 x LIL
1/1 4/4 2/4 0/1 =0,7 x LIL
1/1 4/4 1/4 0/1 =1,0 x LIL
1/1 4/4 0/4 0/1 =1,5 x LIL
1/1 3/4 4/4 0/1 =0,7 x LIL
1/1 3/4 3/4 0/1 =1,0 x LIL
1/1 3/4 2/4 0/1 =1,3 x LIL
1/1 3/4 1/4 0/1 =1,7 x LIL
1/1 3/4 0/4 0/1 =2,3 x LIL
1/1 2/4 4/4 0/1 =1,1 x LIL
1/1 2/4 3/4 0/1 =1,5 x LIL
1/1 2/4 2/4 0/1 =19 x LIL
1/1 2/4 1/4 0/1 = 2,6 x LIL
1/1 2/4 0/4 0/1 = 3,7 x LIL
1/1 1/4 4/4 0/1 Unreliable MPN resultb
1/1 1/4 3/4 0/1 =2,1xLIL
1/1 1/4 2/4 0/1 = 2,8 x LIL
1/1 1/4 1/4 0/1 =4,0 x LIL
1/1 1/4 0/4 0/1 = 6,3 x LIL
1/1 0/4 4/4 0/1 Unreliable MPN resultP
1/1 0/4 3/4 0/1 =3,0 x LIL
1/1 0/4 2/4 0/1 =4,3 x LIL
1/1 0/4 1/4 0/1 =6,7 x LIL
1/1 0/4 0/4 0/1 =14,0 x LIL

a  LIL =low inoculation level.

b Unreliable MPN result: MPN combination is very unlikely to occur. The experiment shall be repeated.
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Using the actual inoculum level given in the example described in 5.4.2, Table 6 can be used to determine

the eLODg,. This is presented in

Table 7. In this example, a high-level contamination of 18 cfu/test

portion is used with the corresponding intermediate level contamination of 6 cfu/test portion and low-
level contamination of 2 cfu/test portion.

Table 7 — Example for the determination of the eLOD;, based on the number of positive results
per level of contamination using protocol 1

High Intermediate Low Blank eLOD;,
inoculation level inoculation level inoculation level level
=18 cfu/test portion | =6 cfu/test portion | =2 cfu/test portion cfu/test portion
1/1 4/4 4/4 0/1 <2,0
1/1 4/4 3/4 0/1 =10
1/1 4/4 2/4 0/1 =14
1/1 4/4 1/4 0/1 =20
1/1 4/4 0/4 0/1 =3,0
1/1 3/4 4/4 0/1 =14
1/1 3/4 3/4 0/1 =20
1/1 3/4 2/4 0/1 =2,6
1/1 3/4 1/4 0/1 =34
1/1 3/4 0/4 0/1 =4,6
1/1 2/4 4/4 0/1 =22
1/1 2/4 3/4 0/1 =3,0
1/1 2/4 2/4 0/1 =3,8
1/1 2/4 1/4 0/1 =5,2
1/1 2/4 0/4 0/1 =74
1/1 1/4 4/4 0/1 Unreliable MPN result?
1/1 1/4 3/4 0/1 =42
1/1 1/4 2/4 0/1 =5,6
1/1 1/4 1/4 0/1 =8,0
1/1 1/4 0/4 0/1 =12,6
1/1 0/4 4/4 0/1 Unreliable MPN result?
1/1 0/4 3/4 0/1 =6,0
1/1 0/4 2/4 0/1 =8,6
1/1 0/4 1/4 0/1 =13,4
1/1 0/4 0/4 0/1 =28,0
a  Unreliable MPN result: MPN combination is very unlikely to occur. The experiment shall be repeated.
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5.5.2 Determination of eLOD, using protocol 2

If protocol 2 was used in the verification for the example in 5.4.2, then 23 test portions would have been
examined (see Table 5) together with one blank test portion. Record the number of positive results
obtained at each inoculum level and use Table 8 to determine the eLODg,.

The blank level shall not produce a positive result. If a positive result is obtained for the blank level, the
experiment shall be repeated for all levels.

For the evaluation of the results using protocol 2, both the intermediate and low inoculation levels can
have positive and negative results. When only negative results are obtained, the experiment shall be
repeated. Some of the MPN combinations indicated as “unreliable MPN result” (see Tables 8 and 9) are
very unlikely to occur and the experiment shall therefore be repeated.

When more dilutions are used, the two dilutions, with the low inoculation level closest to the LODg,
shall be used to evaluate the data according to Table 8.

Table 8 — Determination of eLOD;, based on the number of positive results per level of
contamination using protocol 2

Intermediate inoculation level Low inoculation level Blank level eLODg,
targeted 3 x LODg/test portion |targeted 1 x LODs,/test portion cfu/test portion
3/3 5/5 0/1 <1,0 x LIL2
3/3 4/5 0/1 =0,4 x LIL
3/3 3/5 0/1 =0,7 x LIL
3/3 2/5 0/1 =1,0 x LIL
3/3 1/5 0/1 =1,4 x LIL
3/3 0/5 0/1 =2,0 x LIL
2/3 5/5 0/1 = 0,7 x LIL
2/3 4/5 0/1 =0,9 x LIL
2/3 3/5 0/1 =1,2 x LIL
2/3 2/5 0/1 =1,6 x LIL
2/3 1/5 0/1 = 2,3 x LIL
2/3 0/5 0/1 = 3,7 x LIL
1/3 5/5 0/1 Unreliable MPN resultP
1/3 4/5 0/1 =1,4 x LIL
1/3 3/5 0/1 =1,8 x LIL
1/3 2/5 0/1 =2,6 x LIL
1/3 1/5 0/1 =4,1 x LIL
1/3 0/5 0/1 =8,6 x LIL
0/3 5/5 0/1 Unreliable MPN resultb
0/3 4/5 0/1 Unreliable MPN resultb
0/3 3/5 0/1 =2,9 x LIL
0/3 2/5 0/1 =4,5 x LIL
0/3 1/5 0/1 =9,4 x LIL
a2 LIL =low inoculation level.
b Unreliable MPN result: MPN combination is very unlikely to occur. The experiment shall be repeated.
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Using the actual inoculum level given in the example described in 5.4.2, Table 8 can be used to determine
the eLODs. This is presented in Table 9. In this example, an intermediate-level contamination of 6 cfu/
test portion and low-level contamination of 2 cfu/test portion are used.

Table 9 — Example for the determination of the eLOD;, based on the number of positive results
per level of contamination using protocol 2

Intermediate inoculation level Low inoculation level Blank level eLODg,
= 6 cfu/test portion = 2 cfu/test portion cfu/test portion

3/3 5/5 0/1 <2,0
3/3 4/5 0/1 =0,8
3/3 3/5 0/1 =14
3/3 2/5 0/1 =20
3/3 1/5 0/1 =28
3/3 0/5 0/1 =40
2/3 5/5 0/1 =14
2/3 4/5 0/1 =18
2/3 3/5 0/1 =24
2/3 2/5 0/1 =3,2
2/3 1/5 0/1 =46
2/3 0/5 0/1 =74
1/3 5/5 0/1 Unreliable MPN result?@
1/3 4/5 0/1 =28
1/3 3/5 0/1 =3,6
1/3 2/5 0/1 =5,2
1/3 1/5 0/1 =8,2
1/3 0/5 0/1 =172
0/3 5/5 0/1 Unreliable MPN result?
0/3 4/5 0/1 Unreliable MPN result?
0/3 3/5 0/1 =5,8
0/3 2/5 0/1 =9,0
0/3 1/5 0/1 =18,6

a2  Unreliable MPN result: MPN combination is very unlikely to occur. The experiment shall be repeated.

5.5.3 Use of protocol 3

The blank level shall not produce a positive result. If a positive result is obtained for the blank level, the
experiment shall be repeated for all levels.

Results from protocol 3 should only be used for evaluation when the level of contamination of the test
portions is within the stated limits of between 3 cfu and 5 cfu/test portion. This level of contamination
shall be determined either by enumeration or by MPN as outlined in 5.4.2. If the level of contamination
is > 5 cfu/test portion, the results cannot be used, and the experiment shall be repeated. If the level
of contamination is < 3 cfu/test portion and the acceptability limit is met, the results can be used.
Otherwise, the experiment shall be repeated.

No eLOD is determined using protocol 3. The results shall be evaluated based on the number of positives
found out of the seven replicates tested. The acceptability limit for this is presented in 5.6.
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5.6 Acceptability limits

The eLOD;, determined according to protocol 1 (see 5.5.1) or protocol 2 (see 5.5.2) shall be compared
to the LOD;s, from the validation study. For implementation verification, use the LODg, value
corresponding to the tested (food) item.

For (food) item verification, the eLOD, shall not be > 4 x LOD, observed in the validation study. If no
LOD; value corresponds to the tested (food) item, the eLODs shall not be > 4 cfu/test portion. This
acceptability limit is based on the theoretical value of a LODg of 1 cfu/test portion.

For protocol 3, there shall be a minimum of six positive results out of the seven replicates tested.
Clause 8 provides a summary of the acceptability limits.
NOTE

— The eLOD; of the verification study is valid and acceptable only if it is obtained from the same or a smaller
test portion (e.g. 25 g, 100 ml, 375 g) used in the validation study.

— The LODg, observed in the validation study can be expressed as cfu/g, cfu/ml or cfu/test portion. The
validation LOD;, will need to be expressed in cfu/test portion to be able to compare the result with the result
of the verification study.

— In cases where the LOD;, observed in the validation study is given as cfu/g or cfu/ml, then the LOD;, needs
to be multiplied by the size of the test portion used. Therefore, an LODs of 0,1 cfu/g or cfu/ml will give an
LODsg, of 2,5 when a 25 g or 25 ml test portion is used.

— If, for example, the LOD¢, from the validation study is 2,5 cfu/test portion, the maximum acceptable value for
the eLODg, will be 10 cfu/test portion (maximum of 4 x LODg).

5.7 Root cause analysis

When the verification result exceeds the acceptability limits (e.g. the eLOD5 is > 4 x LODs observed in
the validation study), perform a root cause analysis to provide an explanation for the observed results.

It can be useful to re-run verification of a validated alternative method in parallel with the validated
reference method on this food (item). This is to investigate if this (food) item is performing similarly for
both methods in the hands of the user laboratory.

The root cause analysis shall be conducted to determine concerns such as (but not limited to):
— analytical error due to poor laboratory practice;
— analytical error in protocol application (e.g. incorrect inoculation level);

— (food) item specificity [e.g. very challenging (food) items that required a higher dilution factor in
the initial suspension].

When the problems have been identified, implement corrective actions and repeat the experiment.

Information (based on investigations, e.g. root cause analysis) can be given in the verification study
report to provide an explanation of the findings.

When the verification of a particular (food) item does not meet the acceptability limits, it is
recommended that the user laboratory informs a relevant organization (e.g. standardization body,
supplier, certification body) depending on the method.
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6 Quantitative methods — Technical protocol for verification

6.1 Intralaboratory reproducibility standard deviation determination

6.1.1 General

The intralaboratory reproducibility standard deviation determination only applies to implementation
verification.

Implementation verification is performed in a single laboratory, and the reproducibility is expressed as
the intralaboratory reproducibility standard deviation (Sz).

The determination of the intralaboratory reproducibility standard deviation (S;z) in the implementation
verification corresponds to the determination of the technical uncertainty, which is one of the three
main uncertainty components (technical, matrix and distributional) described in ISO 19036. The
intralaboratory reproducibility standard deviation (S;) determination is based on ISO 19036:2019, 5.2.2.

During the implementation verification, run the full procedure of the method as described, including
the confirmation procedure for each individual test portion.

6.1.2 Experimental design
The protocol shall be performed as follows.

— A minimum of 10 laboratory samples, belonging to the same (food) item, are required. These may
be from a maximum number of different batches in cases where the user laboratory is linked to
a production facility or from different manufacturers for private laboratories servicing different
manufacturers. More samples may be tested to cover the possible loss of data from some samples
due to practical errors/mishaps during testing.

— The contamination levels used shall be representative of the range of the natural contamination
found in the samples tested in the user laboratory.

— Each laboratory (or test) sample shall be mixed or homogenized before two test portions are taken
(see Figure 7). This is essential for the uniform distribution of the microorganisms. For liquid
products, mixing shall be performed by shaking the laboratory sample (or test sample) by hand
(e.g. 25 times through an arc of 25 cm). For solid products, the homogenization may be performed by
mechanical means, which could include stomachers and blenders. For details, follow the procedure
in the ISO 6887 series.

— Ifartificial contamination is used, inoculate the initial suspension of each test portion with a known
level of the strain.

— Naturally contaminated test portions can be analysed directly after homogenization of the
laboratory sample (or test sample).

See also D.1 for additional guidance and examples.
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Figure 7 — Experimental protocol to estimate the intralaboratory
reproducibility standard deviation (S;p)

The test sample, as defined in 3.17, is infrequently used in microbiological examinations. Most of the
time, the laboratory sample is directly used for homogenization.

Test conditions used in the analyses of test portion A and test portion B shall be varied in as many ways
as possible within the scope of validation. These shall include, unless the user laboratory can justify
otherwise, but not be limited to:

a) technicians;

b) batches of culture media and reagents (optional: when relevant, different strains may also be used
to inoculate different laboratory samples);

c) apparatus (e.g. incubators, vortex mixer, pipettes).

Test conditions a) and b) are considered to cause the most variability in the results of a method and
shall be varied unless the user laboratory can justify otherwise. Test condition c) shall be varied based
on the availability of the apparatus in the user laboratory. If the inoculated (food) item can be shown
to be sufficiently stable, the analysis may be conducted on different days. Results shall be assessed
according to 6.1.6.

NOTE Culture media batches can be generated from different preparations/productions from the same
batch of powder.
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6.1.3 Selection of the (food) item

One (food) item is required for the implementation verification. The intralaboratory reproducibility
standard deviation (S;p), as determined according to Figure 7, is independent of the matrix as the
experiments are designed to exclude contributions from the heterogeneity of the matrix, so any (food)
item within the scope of validation can be selected. It is recommended to select a (food) item that can
be effectively homogenized in order to minimize the matrix uncertainty.

6.1.4 Natural contamination

Whenever possible, use naturally contaminated items. For the (food) item chosen, the individual
test portions evaluated shall have contamination levels representative of the range of the natural
contamination found in the samples analysed in the user laboratory.

If the expected level of natural contamination is less than 10 cfu/g in the test portion, artificial
contamination is used (see 6.1.5 for details) to cover the range of use of the method.

6.1.5 Artificial contamination

6.1.5.1 Selection of the strain
The strain can be from:

— aculture collection;

— auser laboratory collection;

— areference material (including commercial reference material, e.g. a freeze-dried strain with known

concentration).
NOTE Preferably, the strain used in the verification is from a source relevant to the (food) item being
verified.

6.1.5.2 Inoculation of the test portion

When inoculating the test portion, the contamination levels used shall be representative of the range of
the natural contamination found in the laboratory samples analysed in the user laboratory.

The following guidance is given as an example of procedures suitable for producing inocula.

— The selected strain is grown in a culture medium under conditions that enable optimal growth of
the strain (e.g. overnight culture). Follow the procedures specified in ISO 11133:2014, 5.4.

NOTE In this document, overnight culture is specified as 16 h to 24 h of incubation.

— Enumerate the culture on non-selective media to determine the concentration of the strain in cfu/ml.
Itis assumed that this level will be consistently achieved when the same culture conditions are used.

— Repeat the culture under the same conditions and take into account the previously determined
concentration to prepare dilutions to cover the representative range of natural contamination. This
step is not required if the stability of the strain is known by the user laboratory (e.g. viability after
storage at 4 °C overnight).

If the user laboratory works with ready-to-use target strains with known levels (e.g. reference material),
the steps described above are not required.
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The prepared inoculum is introduced directly into the initial suspension of the individual test portions.
After inoculation, the suspension is mixed thoroughly. The use of stressed cultures is recommended
but is not required (see ISO 16140-2:2016, Annex C).

EXAMPLE A user laboratory wants to verify the Enterobacteriaceae enumeration method (see ISO 21528-2).
The validation of this method was performed using one (food) item within each of four food categories and one
other category:

a) food category: heat-processed milk and dairy products; food type: pasteurized milk-based products;
food item: pasteurized milk;

b) food category: raw meat and ready-to-cook meat products (except poultry); food type: fresh meats
(unprocessed); food item: raw meat (minced pork);

c) food category: eggs and egg products (derivatives); food type: egg product (heat-processed) without
additives; food item: egg product (whole liquid egg);

d) food category: chocolate, bakery products and confectionary; food type: pastries; food item: tiramisu;

e) other category: pet food and animal feed; (food) type: animal origin ingredients; (food) item: animal feed
(meat and bone meal).

For implementation verification, the food item “tiramisu” was chosen and E. coli was chosen as the strain for
the artificial inoculation. Note that tiramisu is given as an example since any (food) item can be chosen for
implementation verification.

— Based on the range of contamination levels representative of the natural contamination found in the samples
analysed in the user laboratory, the tiramisu will be inoculated between 30 (1,5 log;,) cfu/g to 30 000 (4,5

log) cfu/g.

— A minimum of 10 different (brands, lots) laboratory samples of tiramisu will be prepared and each divided
into two test portions: A and B (see Figure 7).

— Both test portions, A and B, originating from the same laboratory sample (see Figure 7) will be inoculated
with the same inoculum. Each set of the 10 or more laboratory samples will be inoculated at different levels
(and possibly with different strains) between 30 cfu/g and 30 000 cfu/g. The culture will be inoculated into
the initial suspensions, which have been prepared using 10 g test portions.

— Inorderto do this, an overnight culture is prepared and assumed to contain 10° cfu/ml (based on the results
of previous enumerations).

— To contaminate at the level of 30 cfu/g, six serial decimal dilutions of the overnight culture are prepared, to
reduce the initial level from 10° cfu/ml to 103 cfu/ml.

Different contamination levels covering the range of 30 cfu/g and 30 000 cfu/g can be obtained with different
dilutions and/or inoculation volume. The user laboratory shall ensure that the inoculum does not affect the
integrity of the matrix. The results from this example are summarized in Table 10. D.1 provides details of the
experimental process for this example.

6.1.6 Evaluation of results

The intralaboratory reproducibility standard deviation (S;3) is calculated, based on a minimum of 10
laboratory samples, according to Formula (1):

1« 2
SIR= %E(J’m_yig) (1)
i=1
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is the intralaboratory reproducibility standard deviation;

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

is the number of samples;

are the log-transformed data, in log,, (cfu/g) or log;, (cfu/ml), from conditions a, b and

c, respectively.

An example of a manual calculation is given in Table 11.

6.1.7 Acceptability limit

The intralaboratory reproducibility standard deviation (S;;) of the verified method shall be < 2 x the
lowest mean value of the interlaboratory reproducibility standard deviation (S;) of the (food) items
used in the validation study. When only one (Sp) value is determined in the validation study, the (S;) of
the verified method shall be < 2 x interlaboratory reproducibility standard deviation (Sg).

Clause 8 provides a summary of the acceptability limits.

EXAMPLE

— The user laboratory has examined 12 laboratory samples of tiramisu for the level of Enterobacteriaceae
(using ISO 21528-2) following the experimental design given in Figure 7. The results (calculated as cfu/g in
test portions A and B of the laboratory sample) given in Table 10 were obtained.

Table 10 — Test results

Laborato- Expected Result A (x;,) Result B (x;;) Log,, result A Log,, result B
ry sample | contamination YVia=logig(x;4) YVip =logo(x;5)
number level
cfu/g cfu/g cfu/g

1 30 <40 (10) <40 (30) <1,60 <1,60
2 300 110 182 2,04 2,26
3 300 410 620 2,61 2,79
4 600 640 330 2,81 2,52
5 600 690 570 2,84 2,76
6 600 780 640 2,89 2,81
7 600 620 1300 2,79 3,11
8 600 870 1500 2,94 3,18
9 6000 8600 6400 3,93 3,81
10 6000 16 000 5000 4,20 3,70
11 6000 >15000 13 400 > 4,18 4,13
12 30000 20000 32000 4,30 4,51

— The results of laboratory samples 1 and 11 cannot be used because one of the counts was either too high
(“>” result) or too low (below the permitted counting range in accordance with ISO 7218). The results of 10
laboratory samples remain for the calculation.

— Based on the 10 remaining laboratory samples, the S;, can be calculated as shown in Table 11.
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Table 11 — Calculation of S

Laboratory sample Log;, result A Log,, result B Absolute difference | Squared difference
number

Yia = 10gyo(X;4) Yip = 10810 (X;p) 1Yia = Vipl ia-Yigl®

1 <1,6021 <1,6021 Not used Not used

2 2,041 4 2,2601 0,2187 0,047 8

3 2,612 8 2,792 4 0,179 6 0,032 3

4 2,806 2 2,518 5 0,287 7 0,082 8

5 2,8388 2,7559 0,083 0 0,0069

6 2,8921 2,806 2 0,0859 0,007 4

7 2,792 4 3,1139 0,3216 0,103 4

8 29395 3,176 1 0,236 6 0,056 0

9 39345 3,806 2 0,128 3 0,016 5

10 4,204 1 3,699 0 0,5051 0,255 2

11 >4176 1 4,127 1 Not used Not used

12 4,301 0 4,5051 0,204 1 0,041 7

Sum 0,6500

Sum/(2 x 10) 0,0325

S;r=V(0,0325) 0,18

The calculated S;; value of 0,18 is compared to the results of the validation study (data taken over from
ISO 21528-2). Table 12 lists the S values obtained from that validation study.

Table 12 — Summary of S, values from the validation study for ISO 21528-2

Sp values from the validation study
(Food) item Low Intermediate High Mean value of three
inoculation level | inoculation level | inoculation level inoculation levels
Egg product 0,32 0,50 0,48 0,43
Raw meat 0,28 0,36 0,57 0,40
Animal feed 0,18 0,17 0,20 0,18
Pasteurized milk 0,24 0,18 0,19 0,20
Tiramisu 0,22 0,28 0,13 0,21

The experiment is designed to not consider the effect of the (food) item. The S, obtained is compared to the
lowest mean value of S, for any of the items tested in the validation study. In this example, the lowest mean
value of S, was 0,18 (for animal feed).

The S, found in the verification study (0,18) is assessed against 2 x S (2 x 0,18) from the validation study.

As the Sj; of the verification study (0,18) is < 0,36 (2 x 0,18), the conclusion is that the acceptability limit for
the implementation verification is met.

NOTE When only one Sy value is determined in the validation study, the S; value is compared to that S; value.

6.1.8 Root cause analysis

When the verification result does not meet the acceptability limits, perform a root cause analysis to
provide an explanation for the observed results.

It can be useful to re-run verification of a validated alternative method in parallel with the validated
reference method on this food (item). This is to investigate if this (food) item is performing similarly for
both methods in the hands of the user laboratory.
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The root cause analysis shall be conducted to determine concerns such as (but not limited to):

— analytical error due to poor laboratory practice;

— analytical error in protocol application (e.g. incorrect inoculation level).

When the problems have been identified, implement corrective actions and repeat the experiment.

Information (based on investigations, e.g. root cause analysis) can be given in the verification study
report to provide an explanation of the findings.

When the verification of a particular (food) item does not meet the acceptability limits, it is
recommended that the user laboratory informs a relevant organization (e.g. standardization body,
supplier, certification body) depending on the method.

6.2 Estimated bias (eBias) determination

6.2.1 General

The eBias determination is only required for (food) item verification (see Table 2).

During the (food) item verification, run the full procedure of the method as described, including the
confirmation procedure (if there is one) for each individual test portion.

6.2.2 Experimental design
The protocol shall be performed as follows.
— Select the (food) item(s) for testing (see 6.2.3).

— Artificially contaminate the (food) item(s) at three inoculation levels that cover the range of use of
the method by the user laboratory. The artificial contamination is done in the initial suspension.
Each level is performed in duplicate. Preferably, use a different laboratory sample or a different
batch produced of the same (food) item for each of the three inoculation levels.

— Enumerate, using the method to be verified, the artificially contaminated (food) item and the (pure
culture) suspension used to inoculate the (food) item.

— Testthe uninoculated test portion for each laboratory sample or batch to determine the background
contamination level. The results of these negative controls are recorded and can provide useful
information when a root cause analysis is required (see 6.2.7).

See also D.2 for additional guidance and examples.

6.2.3 Selection of (food) items

For the (food) item verification, the user laboratory shall test a minimum of one (food) item, preferably
a challenging one, from each of the required (food) categories. Details on the required number of (food)
categories to test according to the scope of validation or to the scope of laboratory application are
described in 4.4. Annex B provides guidance on how to choose challenging (food) items.

6.2.4 Artificial contamination

6.2.4.1 Selection of strains
Strains can be from:
— culture collections;

— user laboratory collection;
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— reference materials (including commercial reference materials, e.g. a freeze-dried strain with
known concentration).

When choosing the test strains, the majority should originate from the (food) categories selected for
the verification study and cover the recognized range of the target analyte with respect to the diversity
in identification characteristics (e.g. biochemical, serotype, phage type), geographical distribution and
incidence (see ISO 16140-2:2016, Annex E).

NOTE Preferably, the strains used in the verification are from sources relevant to the (food) item being
verified and a different strain is used for each of the (food) items to be tested.

6.2.4.2 Inoculation of the test portions

When inoculating the test portions, the three contamination levels used shall be representative of the
range of the natural contamination found in the laboratory samples analysed in the user laboratory.

NOTE1 If the user laboratory sets up more than three inoculum levels (e.g. five or six), it is more likely to
obtain the three levels required for comparison studies.

The following guidance is given as an example of procedures suitable for producing inocula.

— The selected strain is grown in a culture medium under conditions that enable optimal growth of
the strain (e.g. overnight culture). Follow the procedures specified in ISO 11133:2014, 5.4.

NOTE 2  In this document, overnight culture is specified as 16 h to 24 h of incubation.

— Repeat the culture under the same conditions and take into account the previously determined
concentration to prepare dilutions to cover the targeted range of contamination. This step is not
required if the stability of the strain is known by the user laboratory (e.g. viability after storage at
4 °C overnight).

If the user laboratory works with ready-to-use strains with known levels (e.g. reference material), the
steps described above are not required.

The prepared inoculum is introduced directly into the initial suspension of the individual test portions.
After inoculation, the suspension is mixed thoroughly. The use of stressed cultures is recommended
but is not required (see ISO 16140-2:2016, Annex C).

EXAMPLE A user laboratory usually expects to find between 102 cfu/g and 106 cfu/g in submitted samples.
The verification study required inoculation of the initial suspension to the levels of 101 cfu/ml, 103 cfu/ml
and 105 cfu/ml (as the initial suspension is a 10-fold dilution of the test portion, this is equivalent to 102 cfu/g,
10% cfu/g and 106 cfu/g of the test portion). It is assumed that the test portion is 10 g and the final volume of the
initial suspension is 100 ml.

— A fresh overnight culture of the required microorganism (see 6.2.4.1) was prepared and assumed through
previous measurement/experience to have 107 cfu/ml. Appropriate 10-fold dilutions were made covering
their target range of 103 cfu/ml to 107 cfu/ml (= the undiluted overnight culture) for inoculation.

— One ml of inoculum was transferred into duplicate initial suspensions, giving assumed concentrations in the
initial suspensions of: 10 cfu/ml, 103 cfu/ml and 105 cfu/ml (this was equivalent to 102 cfu/g, 10* cfu/g and
106 cfu/g in the test portions). An uninoculated test portion was included. Additional dilutions (to cover a
wider range from 109 cfu/ml to 106 cfu/ml of the initial suspensions) were used as the actual concentration
of microorganisms of the inoculum is unknown at this stage.

— Theuninoculated test portion and each of the inoculated initial suspensions were then enumerated using the
method to be verified.

— The overnight culture and its dilutions used to inoculate the initial suspensions were also enumerated, using
the method to be verified, to determine the actual concentration of microorganisms.

— However, after incubation and counting of the inoculum, it was determined that the overnight culture
actually contained 5 x 108 cfu/ml (i.e. 1 log;, > the assumed level). Therefore, the actual levels in the initial
suspensions were 102 cfu/ml to 106 cfu/ml, and the calculated levels in the test portions were 103 cfu/g to
107 cfu/g.
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— Because of the additional dilutions used, the user laboratory was then still able to select the results relating
to 102 cfu/g, 10* cfu/g and 10° cfu/g of the test portion (101 cfu/ml, 103 cfu/ml and 105 cfu/ml of the initial
suspensions) and compare actual results for the method being verified, with the counts of the inoculum.

6.2.5 Evaluation of results

Compare the results of the artificially contaminated (food) item to the results of the inoculum
suspension [being the specific (diluted) suspension used to contaminate the initial suspension of the
(food) item]. Both the (food) item and the specific (diluted) inoculum suspension are tested using the
method to be verified.

For the comparison, the results for the (food) item shall be expressed in log;, cfu/per test portion and
the results for the inoculum suspension shall be expressed in log;, cfu/ml.

The results of the uninoculated test portion (negative control) provides information on the level of
natural contamination, if present, of the (food) item with the target microorganism(s).

6.2.6 Acceptability limit

It is expected that, at each level, the absolute difference between the results of the artificially
contaminated (food) item in log;, cfu/test portion and that of the inoculum suspension is equal to or
less than 0,5 log;,. However, this may not be the case if the (food) item used was naturally contaminated
prior to inoculation. The results of the uninoculated test portions (negative controls) can assist when a
root cause analysis is required (see 6.2.7).

Clause 8 provides a summary of the acceptability limits.
EXAMPLE A user laboratory wants to verify the eBias of a validated alternative enumeration method for

Enterobacteriaceae, using the food item “boiled pasta”. The expected range of contamination is between 102 cfu/g
and 104 cfu/g. The results of the tests are given in Table 13.

Table 13 — Test results obtained using the method to be verified

Mean result For comparison eBias:

Artificiall Result Result absolute difference
i yd cpe . . in results between
contaminated | Artificially contami- |Inoculum suspension artificially contami-

(food) item

nated (food) item

[without (food) item]

nated (food) item per

(from batch 3), test portion 2

(logyo cfu/g (logyo cfu/ (log;o cfu/ml) | testportionand the
or ml)a test portion)? inoculum suspension

Laboratory sample 1 206
(from batch 1), test portion 1 ! 306 317 011
Laboratory sample 1 (avera:igg 321‘87 ' ' '
(from batch 1), test portion 2 and 2,25)
Laboratory sample 2 311
(from batch 2), test portion 1 ’ 411 405 0.06
Laboratory sample 2 (avere:igg 823'16 ' ' ’
(from batch 2), test portion 2 and 3,06)
Laboratory sample 3 399
(from batch 3), test portion 1 ’ 499 5 29 0.30

(average of 3,93 , , ’
Laboratory sample 3 and 4,04)

a This example is based on the use of a 10-gram test portion inoculated with 1 ml of inoculum.

The results indicate that at each level of contamination the absolute difference between the two results is less
than 0,5 log;, so the method to be verified works correctly in the user laboratory.
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6.2.7 Root cause analysis

When the verification result does not meet the acceptability limits, perform a root cause analysis in
order to provide an explanation for the observed results.

It can be useful to re-run verification of a validated alternative method in parallel with the validated
reference method on this food (item). This is to investigate if this (food) item is performing similarly for
both methods in the hands of the user laboratory.

The root cause analysis shall be conducted to determine concerns such as (but not limited to):

— analytical error due to poor laboratory practice;

— analytical error in protocol application (e.g. incorrect inoculation level).

When the problems have been identified, implement corrective actions and repeat the experiment.

Information (based on investigations, e.g. root cause analysis) can be given in the verification study
report to provide an explanation of the findings when the eBias is > 0,5 log;, cfu/g.

When the verification of a particular (food) item does not meet the acceptability limits, it is
recommended that the user laboratory informs a relevant organization (e.g. standardization body,
supplier, certification body) depending on the method.

7 Validated alternative confirmation and typing methods — Technical protocol
for verification
7.1 General

The verification of validated alternative confirmation and typing methods only requires implementation
verification. The sample is an isolated colony on defined selective or non-selective agar plates.

7.2 Implementation verification

Implementation verification aims to demonstrate the competence of the user laboratory to perform
the validated alternative confirmation or typing method. This is achieved by its ability to obtain the
expected results on an isolated colony from specified selective or non-selective agar(s).

The user laboratory shall:

— review the validation data for the method (the validation data can be obtained from the alternative
methods validation report);

— select one selective agar plate tested during the validation study that, if possible, belongs within the
scope of the laboratory;

— use this selective agar plate to perform implementation verification. If no selective agar plate was
tested, select and use one non-selective agar plate tested during the validation study to perform the
implementation.

NOTE Detailed examples on verification of an alternative confirmation method and on verification of an
alternative typing method are given in Annex E.

7.3 Experimental design

7.3.1 General

For the implementation verification, the number of strains to be tested is given in Table 14.
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Table 14 — Number of strains for implementation verification of
validated alternative confirmation or typing methods

Level of the confirmation Inclusivity study Exclusivity study
Family
Genus
- 5 5
Species
Microbial (sub)type (e.g. serotyping of Salmonella)

7.3.2 Strain selection

Strains can be from:

— culture collections;

— user laboratory collection;

— reference materials (including commercial reference materials, e.g. freeze-dried strains).

When choosing test strains, the majority should originate from the (food) categories within the scope of
laboratory application and cover the recognized range of the target analyte with respect to the diversity
in identification characteristics, e.g. biochemical, serotype, phage type, geographical distribution and
incidence (see ISO 16140-2:2016, Annex E).

For the implementation verification, select five target strains and five non-target strains for the
inclusivity and exclusivity study, respectively. The selection of the strains can be based on the strains
tested in the validation study. The exclusivity strains shall be relevant (e.g. L. innocua shall be selected
for a validated L. monocytogenes alternative confirmation method).

7.4 Evaluation of results

Test the selected inclusivity and exclusivity strains according to the validated alternative confirmation
or typing method being verified.

Tabulate the results for the inclusivity and the exclusivity studies as shown in Table 15. Report the
agreements and deviations between the expected confirmation or typing result and the result of the
confirmation or typing method being verified.

Table 15 — Overview of verification results for a
validated alternative confirmation or typing method

Tested Inclusivity/ | Characteristics Expected Result of the Interpretation?
strains exclusivity | ofthe strain confirmation/ confirmation/
typing result typing method
being verified
9
10
a  Agreement or deviation between the expected result and the result of the tested confirmation or typing method.
NOTE Characteristics of the individual strains are as a minimum: the name of the strain, (culture) collection number and
origin of the strain. Other available characteristics can be added as well.
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7.5 Acceptability limit

The result of the alternative confirmation or typing method being verified shall be the same as the
expected confirmation or typing result for all strains tested. Therefore, there should be 100 %
agreement.

7.6 Root cause analysis

When the result does not meet the acceptance limit, perform a root cause analysis in order to provide
an explanation for the observed results.

The root cause analysis shall be conducted to determine concerns such as (but not limited to):
— analytical error due to poor laboratory practice;

— analytical error in protocol application (e.g. incorrect incubation time or temperature);
— the formulation of culture medium/media;

— the correct identity of test strains.

8 Summary of acceptability limits for the verification of validated methods
Table 16 summarizes the acceptability limits that are used for method verification of validated methods.

As stated in 4.3 and 5.6, the LOD;, of the validation study and the eLOD; of the verification are valid
and acceptable only if both are derived from test portions of the same size (or a smaller sample size if
routinely used in the user laboratory).

Table 16 — Acceptability limits for the verification of validated methods

Method Performance characteristics Acceptability limits
For protocols 1 and 2: eLOD;, < 4 x LODs,
Qualitative eLODg, .
For protocol 3: = 6 out of 7 positive results
S Sir < 2 x lowest Sy mean value?
IR determined in the validation study
Quantitative | log;o cfu/ml (inoculum) - mean log,, cfu/test portion
eBias (artificially contaminated [food] item) |
< 0,5 log; for each of the inoculation levels
Conflrmfatlon inclusivity and exclusivity 100 % agreement between methods
or typing
3 S;p<2 xS forvalidation studies with only one S value.
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Annex A
(informative)

Classification of (food) categories and suggested target
combinations for verification studies

Table A.1 outlines the classification of foods, feeds, primary production and environmental samples to
guide user laboratories in the selection of (food) items in their corresponding (food) categories when
performing method verification.

The intrinsic properties of foods such as levels of indigenous microbiota, fat content, pH, salt content,
water activity and the presence of antimicrobial compounds can have a substantial influence on the
outcome of a method. The main physico-chemical properties of foods have been considered to the
extent possible in the classification of foods.

Regulatory authorities in different jurisdictions can have slightly different requirements regarding the
classification of foods.

Points to note when using Table A.1:
— IS0 16140-2:2016, Annex A, is the source for Table A.1 and the notes shown at the end of the table;

— the symbol “Y” in Table A.1 indicates that, for that sample, it is relevant to test for the indicated
microorganism;

— IMF is the abbreviation for "intermediate moisture food".
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NOTE1 Ifrelevant, some categories or items can be gathered or split.

NOTE 2  Some regulation bodies have specific requirements to get a regulatory approval on the validation
study claim, e.g. see References [17], [18] and [19].

NOTE3  Unprocessed products, according to REGULATION (EC) No 852/2004[13], are described as “foodstuffs
that have not undergone processing and includes products that have been divided, parted, severed, sliced, boned,
minced, skinned, ground, cut, cleaned, trimmed, husked, milled, chilled, frozen, deep-frozen, or thawed”. This
does not include sanitation processes allowed by certain jurisdictions. Therefore, a distinction between raw
products not submitted and products submitted to sanitation processes is needed. Different jurisdictions have
different definitions for processed and unprocessed products. It is important to check with the appropriate
authority in the jurisdiction.

EXAMPLE Fresh meat [see REGULATION (EC) No 853/2004[16]] means meat that has not undergone any
preserving process other than chilling, freezing or quick-freezing, including meat that is vacuum-wrapped or
wrapped in a controlled atmosphere.

NOTE4 Processing according to REGULATION (EC) No 852/2004[15] is described as “any action that
substantially alters the initial product including heating, smoking, curing, maturing, drying, marinating,
extraction, extrusion, or a combination of those processes”. Processed products can contain ingredients that are
necessary for their manufacture or to give them specific characteristics. Different jurisdictions have different
definitions for processed and unprocessed products. It is important to check with the appropriate authority in
the jurisdiction.

NOTES5 Minced meat preparations include portioned, cut or minced meat (< 1 % NaCl or spices) intended to
undergo a heat treatment before consumption, and presented as seasoned, marinated, coated, or with herbs and
spices or other ingredients that are added to improve sensory properties or texture.

NOTE 6  Poultry meat preparations include marinated and spiced meat cuts, chicken fillets and chicken wings,
i.e. an intact structure either with or without skin.

NOTE 7  Seafoods include live bivalve molluscs and by analogy marine gastropods, echinoderms and tunicates.
NOTE8 Ready-to-eat (RTE) food is food intended by the producer or the manufacturer for direct human
consumption without the need for cooking or other processing effective to eliminate or reduce to an acceptable

level microorganisms of concern.

NOTE9 Ready-to-cook (RTC) food is food designed by the producer or the manufacturer as requiring cooking
or other processing effective to eliminate or reduce to an acceptable level microorganisms of concern.

NOTE 10 Ready-to-reheat (RTRH) food is food designed by the producer or the manufacturer as suitable for
direct human consumption without the need for cooking, but which can benefit in organoleptic quality from
some warming prior to consumption.

NOTE 11 For definitions of feeding stuff, refer to REGULATION (EC) No 79/373/EEC[14],

NOTE 12 Water mentioned in Table A.1 is water used in the manufacturing process or for PPS. In these cases,
the filtration of samples is not needed.

NOTE 13 If specific sample sizes of a considered item are to be tested in a food category, e.g. 375 g ground beef,
a complete technical protocol is tested in the method comparison study for this specific case.

NOTE 14 When a method is to be validated for infant formula and/or infant cereals containing probiotics, the
items containing probiotics are selected and validated as a full category.

NOTE 15 Ifthe study targets spore-formers, both vegetative cells and spores are included.
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Annex B
(informative)

Guidance on how to choose challenging (food) item(s) for (food)
item verification

B.1 General

Itis important to select (food) items that are representative of those encountered in the user laboratory.
This annex is specifically applicable to (food) item verification.

The (food) item can affect the outcome of an analysis. The composition of the food, its background
microbiota and other contaminants can interfere with the test method and invalidate the result. It is
therefore expected that the user laboratory will ensure that the method is fit-for-purpose for the (food)
items of interest to them. Even if a method is validated for a broad range of foods, not all (food) items
have been tested during validation. Therefore, it is important that the user laboratory demonstrates
that the method is applicable to the (food) items tested in the laboratory. As only one (food) item is
required from each (food) category, it is then important to perform the (food) item verification with the
most challenging one.

B.2 Matrix effects to consider

B.2.1 Microbial characteristics

Unless the food has been sterilized (e.g. canned food), (food) items can contain (naturally or intentionally
introduced in the manufacturing process) microorganisms, which can be categorized as:

— technological microbiota such as microbial cultures and probiotics, e.g. fermented and cured foods,
probiotic food products inoculated with a level of microorganisms from 10 cfu/g to 109 cfu/g;

— high background microbiota samples, e.g. poultry minced meat, faecal samples, raw milk;

— spoilage microorganisms: the presence of this native microbiota can influence the recovery and
growth of the target microorganism.

B.2.2 Physical and chemical characteristics

The following physical and chemical parameters are known to affect the recovery of microorganisms
and/or the method performance:

— composition, e.g. high fat content, lecithin, thickener, nutrient content;

— pH,e.g.pH <4 to5 (e.g. beverages, sauces);

— oxidation reduction potential;

— water activity, e.g. a,, < 0,85 (flour, low moisture foods);

— antimicrobial constituents and growth inhibitors, e.g. polyphenols, enzymes, molecular inhibitors;
— physical structure of the food, e.g. viscosity, solubility;

— colour, e.g. food dyes.
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B.2.3 Food process induced characteristics

The manufacturing process of the considered matrix can often have a treatment step (e.g. heating,
high pressure process) that could result in injuring microbial cells. This affects the viability and the
culturability of the cells and therefore affects the recovery of the microorganism of concern.

B.3 Selection of (food) items for verification

The microbial, physical, chemical and process induced characteristics mentioned above can be found in
(food) items amongst all (food) categories described in Annex A.

When selecting a challenging (food) item from each category, the user laboratory shall choose, among
the (food) items tested in its laboratory, those (food) items which show one or more of the challenging
characteristics. For instance, a (food) item having a combination of two challenging characteristics
(e.g. pH + a,,) is preferable as this represents the worst-case scenario.

For a broad range of foods scope, a minimum of five food items selected from five food categories is
required (see 4.4 for details). When possible, each of the five food items shall have a different challenging
characteristic or a combination of these characteristics in order to cover different cases. Table B.1
provides an example.

Table B.1 — Example of (food) items and its characteristics

Category Item Challenging characteristic
1 pH
2 2 Viscosity
3 3 Fat content
4 4 High background microbiota and pH
5 5 Polyphenol

The selection of (food) items also depends on the principle of the method that can guide the user
laboratory in the selection of the (food) items. Table B.2 gives examples of food characteristics that,
depending on the method principle, can affect the performance of the method.

Table B.2 — Examples of characteristics of (food) items that can affect performance,
categorized by method principles

Method High number of competi- | Physical characteristics Chemical compound
principle tive (micro)organisms
Techno- High pH | a,, |Solubil-| Col- | Van- | En- |Polyphe-| Molec-
logical background ity/vis-| our | illin, | zyme nol ular
microbiota| microbiota, cosity salt, inhibi-
spoilage tor
Cultural method X X X | x X X X X X
Immuno- X X X X X X X X X
enzymatic
Molecular test X X X | X X X X X X X
Flow cytometry
ATP X X X | x
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Annex C
(informative)

Qualitative method verification — Example

C.1 Method to be verified

The user laboratory wishes to verify ISO 6579-1. The LOD;, for the method, obtained from review of the
validation data for the method, was found to be 2,5 cfu/test portion.

C.2 Preparation for verification

A preliminary enumeration of the microbial suspension that will be used for the method verification is
performed to provide an estimate of the concentration of the inoculum that will be used. The procedure
is as follows.

— Prepare a culture of the microorganism under appropriate conditions (medium, temperature, time
of incubation) and check the purity. If this fails, re-isolate, select and identify the pure colonies and
restart subculture. Follow the procedures specified in ISO 11133:2014, 5.4.

— Perform the enumeration of the culture on a non-selective medium to determine the concentration
in cfu/ml. For decimal dilution and enumeration details, follow ISO 7218 and ISO 6887-1.

The result of the enumeration will be used as the starting point for the dilutions to inoculate the
test portions. In this example, the initial concentration of the overnight culture was previously
determined to be 6 x 108 cfu/ml (see Figure C.1).

NOTE Overnight culture is intended to obtain microorganisms in a stationary phase of growth. The
culture conditions are modified if the target microorganism requires longer incubation times.

1:10 dilution — — —
e.g.1mlin 9 ml
diluent
v, V. \_ \
Overnight culture 10! dilution 1077 dilution 108 dilution

Expected to have

108 cfu/ml
1 1ml 1

Initial concentration:
6x108 cfu/ml

Figure C.1 — Example of preliminary determination of the inoculum level
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C.3 Verification

Using the previously determined concentration (6 x 108 cfu/ml for this example), prepare dilutions to
cover target contamination levels (see Figure C.2). The dilutions selected for inoculation are based on
the validation LODg, (2,5 cfu/test portion) from the validation report for ISO 6579-1.

| e S

_ 1:10dilution — — S — h
e.g. 1 mlin 9 ml
diluent
_/ / / U/ o/ _/
New overnight culture 101 dilution 10-2dilution 10-¢ dilution 1077 dilution 108 dilution
Expected 6x108 cfu/ml Expected 6x10? Expected 60 cfu/ml Expected 6 cfu/ml

48

cfu/ml

\ J
Y

Perform the enumeration in parallel with the test portions inoculation

Figure C.2 — Example of the preparation of the inoculum

In theory, three contamination levels (high, intermediate and low) and one blank level are
required using protocol 1. However, as the actual count is not known at the time of inoculation, it is
recommended that a “range” of serial dilutions, that would include the three target contamination
levels, be performed (see Figure C.3).Inoculate 1 ml of the selected dilution into the initial suspension
of the individual test portions.

In the example shown in Figure C.3, the expected high-level inoculum is prepared using the
10-7 dilution, in case the new overnight culture has a different concentration than expected.

Figure C.4 shows the process for the inoculation of test portions if protocol 2 was used for the
verification.

Figure C.5 shows the process for inoculation of test portions if protocol 3 was used. The reference
material is prepared to ensure an inoculum of 3 cfu to 5 cfu/test portion.

Perform the method to be verified.
Record the positive and negative results.
Calculate the actual contamination based on the enumerated result (see 5.4.2).

In the example shown in Figure C.6, the concentration of the new overnight culture is 5,4 x 108 cfu/
ml and not 6 x 108 cfu/ml.
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_ 1:3 dilution l 1:3 dilution 1 1:3 dilution !

Y O/ O/ /
1077 dilution 1:3 dilution of dilution A 1:3 dilution of dilution B 1:3 dilution of dilution C
Expected 60 cfu/ml Expected 20 cfu/ml Expected 6,7 cfu/ml Expected 2,2 cfu/ml
= dilution A = dilution B = dilution C = dilution D

1ml 1 1 ml 1 1ml 1 1ml 1

Figure C.3 — Example of the inoculation of the test portions when using protocol 1

_ 1:3 dilution 1 1:3 dilution 1 1:3 dilution !

O/ O/ O/ N
107 dilution 1:3 dilution of dilution A 1:3 dilution of dilution B 1:3 dilution of dilution C
Expected 60 cfu/ml Expected 20 cfu/ml Expected 6,7 cfu/ml Expected 2,2 cfu/ml
= dilution A = dilution B = dilution C = dilution D

1 ml l 1 ml 1 1 ml 1

Figure C.4 — Example of the inoculation of the test portions when using protocol 2
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1:10 dilution 1 1:3 dilution !

O/ (O
Reference Material (RM) 1:10 dilution of RM 1:3 dilution of dilution A
certified 50 cfu/ml Expected 5 cfu/ml Expected 1,7 cfu/ml
= dilution A = dilution B

1ml 1 1ml 1

Figure C.5 — Example of the inoculation of the test portions when using protocol 3

ﬁﬁ

N N\ o/

10 dilution 1077 dilution 108 dilution
Expected 6x102 cfu/ml Expected 60 cfu/ml  Expected 6 cfu/ml

[CRY |
ORONO

Enumeration result:
Figure C.6 — Example of the enumeration of the actual inoculum level

1 ml 1 ml

5,4x108 cfu/ml
instead of 6x108 cfu/ml
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— Alternatively, an MPN approach can be used to determine the level of contamination of the inoculum.

— For protocol 1 and 2, the MPN is performed using 3 x 1 ml of dilutions C and D and 3 x 0,3 ml of
dilution D. See also Figure C.7.

— For protocol 3, the MPN is performed using 3 x 3ml, 3 x 1 mland 3 x 0,3 ml of the inoculum. See also
Figure C.8.

The results of the MPN (expressed as MPN/ml of the lowest inoculum level) are determined using
Table C.1.

Use the MPN results obtained and refer to Table 7 (for protocol 1) or Table 9 (for protocol 2) to determine

the eLODs,.

Intermediate level 3x1 ml in 10 ml of a non-selective broth
3xL0Ds,
(dilution C)

- ¥ ¥

Low level 3x1 ml in 10 ml of a non-selective broth
1xLODy,
(dilution D)

- v ¥

Low level 3x0,3 ml in 10 ml of a non-selective
1xLODs, broth
(dilution D)

Figure C.7 — MPN determination of the inoculum level for protocols 1 and 2
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Expected level 3x3 ml in 10 ml of a non-selective broth
3to 5 cfu/test
portion

- ¥ ¥

Expected level 3x1 ml in 10 ml of a non-selective broth
3to 5 cfu/test
portion

- ¥ ¥

Expected level 3x0,3 ml in 10 ml of a non-selective
3 to 5 cfu/test broth
portion

Figure C.8 — MPN determination of the inoculum level for protocol 3
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Table C.1 — MPN table for the calculation of the inoculum level using protocols 1, 2 or 3

Number positive results for inoculum volume (ml)

Protocol 1

1 ml dilution C

1 ml dilution D

0,3 ml dilution D

Protocol 2

1 ml dilution C

1 ml dilution D

0,3 ml dilution D

Protocol 3

3 mlinoculum

1 ml inoculum

0,3 ml inoculum

MPN per ml
of dilution D
(protocols 1 and 2)
or of inoculum
(protocol 3)

Rarity
category?

3

3

3

(0¢]

4,1

2,4

1,5

2,5

1,8

1,3

09

1,5

1,1

0,8

0,6

1,0

0,8

0,6

0,4

1,3

1,1

09

0,7

1,0

0,8

0,7

0,5

0,8

0,6

0,5

0,3

0,6

0,5

0,3

0,2

0,8

0,7

0,5

0,4

0,6

NINWW W WO |IQOQ|OIO|R|RIFRIRININININ|IWW W WIO|QOQ|QC|O(R|R|IRI[ERININDNINDNIN|IWIWIW

NI WIOIR|INWIO|IPL|INW|IOCO|IRPINW|IOIRPINW|IOIRINIWIO|IRPR|INWIO|IRPINW|IO|IRLINW|IO|IF|N

0,5

NwN| N w [ wRr[Rr[NWR[R[R[WR[R[R[WR|R|INWR|R[R|W|R (R R[(N[R R [(R R Rm R, =

RPIR|RP(RRPIRPFRPININININININININININININDNININDNININDNfWWW|W[W|W[Wj W LW WW[w|ww|w

N

[EnN

0,4

=

a  Ifthe result of the rarity category is 3, the MPN combination is very unlikely to occur. In this case, the experiment shall

be repeated.
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Table C.1 (continued)

Number positive results for inoculum volume (ml) MPN per ml Rarity

Protocol 1 1 ml dilution C | 1 ml dilution D | 0,3 ml dilution D of dilution D category?
(protocols 1 and 2)

Protocol 2 1 ml dilution C | 1 ml dilutionD | 0,3 ml dilution D or of inoculum

Protocol 3 3 mlinoculum | 1 mlinoculum | 0,3 mlinoculum (protocol 3)

[N
[\

0 0,3

0,5

0,4

0,3

0,2

0,4

0,3

0,2

0,1

0,6

0,5

0,4

0,3

0,4

0,4

0,3

0,2

0,3

0,3

0,2

0,1

0,2

0,2

OCQIQC|IOIFRP|FRPIFP|IPININININIWWWW| OIOCQ|OQ|O|RIFR|FR|F
R INWIO|RINWIO[RINWIOIRINW|IOIR|INWIO(R|INIW
R W WL |INWWIRLRINWW W W WW[R[FRINWIRFR[FRINW|[-

0,1

C|O|C|C|O|O|QC|C|OC|QC|C|O|C|QC| OO |R|IRIRIFRP|IR|R[FR|F

0 0 0,0 1

a  Ifthe result of the rarity category is 3, the MPN combination is very unlikely to occur. In this case, the experiment shall
be repeated.
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Annex D
(informative)

Quantitative method verification — Example

D.1 Determination of intralaboratory reproducibility standard deviation —
Example

The contamination levels used shall be representative of the range of the natural contamination found
in the samples tested in the user laboratory.

This annex describes the preparation of the laboratory samples and test portions (see also Figure D.1).

Laboratory Laboratory Laboratory Laboratory Laboratory
sample 1 sample 2 sample3 [ T sample 9 sample 10
\ 4
Test Test Test [ Test Test
sample 1* sample 2* sample 3* sample 9* sample 10*
A 4
L. *Test sample is infrequently used in microbiological examinations.
Homogenization In that case, the laboratory sample is directly used for homogenization.

Test Test
portion A portion B
v v

Inoculation if
required

Initial Initial
suspension A suspension B

Figure D.1 — Preparation of samples for intralaboratory reproducibility standard deviation
determination

— Forone (food) item, e.g. tiramisu, a minimum of 10 laboratory samples are collected. Each laboratory
sample is thoroughly homogenized (in order to exclude contributions from heterogeneity within
the laboratory sample/test sample) and divided into two test portions.

— Ifno (food) item with natural contamination is available (or contamination < 10 cfu/g), inoculate the
initial suspension with a selected strain. If artificial contamination is used, enumerate, in parallel,
the inoculum suspension (used to inoculate the initial suspension) using a non-selective medium.
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— Each initial suspension is then analysed using the method protocol. Test conditions used in the
analysis of the test portions A and B shall be different in as many ways as possible within the scope
of validation (e.g. technicians, batches of culture media and reagents, and, when relevant, apparatus
and days, if the inoculated laboratory sample can be shown to be sufficiently stable). Different
strains can also be used for different laboratory samples but not for the test portions A and B. See

Figure D.2.

— From the results obtained, calculate the intralaboratory reproducibility standard deviation S
(see 6.1.6 and 6.1.7).

Initial Initial
suspension A suspension B

Run the method by
technician B

Run the method by
technician A

NS

Test with media

Test with media batch B

batch A

N

O O
O O

Use incubator A Use incubator B

NNV ANVAN

NS

Figure D.2 — Suggestions for variations for intralaboratory reproducibility standard deviation
determination

D.2 Determination of eBias — Example

D.2.1 Preparation for verification

A preliminary enumeration of the microbial suspension that will be used for the method verification is
performed to provide an estimate of the concentration of the inoculum that will be used (see Figure D.3).

Prepare a culture of the microorganism under appropriate conditions (medium, temperature, time of
incubation) and check the purity. If this fails, re-isolate, select and identify the pure colonies and restart
subculture. Follow the procedures specified in ISO 11133:2014, 5.4.
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1:10 dilution  —
e.g.1mlin 9 ml
diluent

Overnight culture

O/

101 dilution

D.2.2 Verification

O/

10-¢dilution

107 dilution

Lol

Initial concentration:
5x107 cfu/ml

Figure D.3 — Example of the preliminary determination of the inoculum level
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— Repeat the culture, taking into account the concentration previously determined.

— A user laboratory usually expects to find between 102 cfu/g and 106 cfu/g in submitted samples.
For this eBias determination, the inoculation of the initial suspension to the levels of 101 cfu/ml,
103 cfu/ml and 10> cfu/ml is required. Based on the results of the previous enumeration test,
appropriate dilutions are made covering the presumed wide range of the inoculum of 101 cfu/ml to
107 cfu/ml (see Figure D.4).

O/

1:10 dilution
e.g. 1 mlin 9 ml
diluent

New overnight culture

Expected 5x107 cfu/ml

O/

101 dilution
Expected 5x10° cfu/ml Expected 5x10* cfu/ml

O/

103 dilution

O/

10-¢dilution

Expected 5x10! cfu/ml

Figure D.4 — Example of the preparation of the inoculum
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— Inoculate 1 ml of each dilution into duplicate initial suspensions to give final concentrations of:
10! cfu/ml, 103 cfu/ml and 105 cfu/ml (see Figure D.5). Additional dilutions (to cover the wider
range from 100 cfu/ml to 106 cfu/ml of the initial suspensions) can be prepared so that the three
levels required for comparison studies are more likely to be included.

ﬁ ﬁ

1:10 dilution — ]
e.g.1mlin 9 ml
diluent
New overnight culture 102 dilution 10-*dilution
Expected 5x107 cfu/ml Expected 5x105 cfu/ml Expected 5x103 cfu/ml
1ml 1ml 1ml
100 ml 100 ml 100 ml
Initial suspension A Initial suspension B
(1:10 dilution of 10 g) (1:10 dilution of 10 g)
I Expected 5x107 cfu/test portion I Expected 5x105 cfu/test portion I Expected 5x103cfu/test portion
=5x100 cfu/g of the test portion =5x10* cfu/g of the test portion =5x102cfu/g of the test portion
=5x105cfu/ml of the initial suspension =5x103 cfu/ml of the initial suspension =5x10" cfu/ml of the initial suspension

Figure D.5 — Example of the inoculation of the test portions
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— Enumerate using the method to be verified (see Figure D.6):
— the uninoculated test portion;
— the inoculated test portions (A and B);

— the inoculum suspension (used to prepare the initial suspension).

/ Expected x cfu/ml \

Inoculation in the initial

suspension
Uninoculated test portion Initial suspension A Initial suspension B
(negative control)
Method to be verified with (food) item Method to be verified without (food) item
|
...... |

I 2/
ooy ooy : L 2 ooy
O O OO0 0100 O OO O

Same method (plate, medium)

Figure D.6 — Example of quantitative method verification (eBias) using artificial contamination

— Compare the results of the artificially contaminated (food) item to that of the inoculum suspension
tested with the same method (see Table 13). The results of the negative control (uninoculated test
portion) can provide useful information when a root cause analysis is required (see 6.2.7).
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Annex E
(informative)

Validated alternative confirmation or typing method verification
— Examples

E.1 Alternative confirmation method verification — Example

This subclause shows an example of the verification of a validated alternative confirmation method
to the species level for Listeria monocytogenes, which was validated in accordance with ISO 16140-6
(also see the example on the validation in ISO 16140-6:2019, Annex B). The reference confirmation
method is the ISO 11290 series for detection and enumeration of Listeria monocytogenes. Isolation is
on Agar Listeria according to Ottaviani and Agosti, followed by the confirmation tests for haemolysis
and fermentation of L-rhamnose and D-xylose as a minimum. The validated alternative confirmation
method is a commercially available PCR-test, directly applied on colonies isolated on Agar Listeria
according to Ottaviani and Agosti.

Select a variety of five target strains of Listeria monocytogenes.
Select a variety of five non-target strains, at least including a Listeria innocua strain.

Test the selected inclusivity and exclusivity strains according to the alternative confirmation method
being verified.

The verification results are tabulated in Table E.1.

Table E.1 — Overview of verification results for the validated alternative confirmation method

Tested |Inclusivity/| Characteristics of Expected Result of the Interpretation®
strains | exclusivity the strain confirmation confirmation
result? method being
verified?
1 Inclusivity L. monocytogenes + + Agreement
(serotype 4b)
WDCM 00021
Human isolate
2 Inclusivity L. monocytogenes + + Agreement
(serotype 1/2a)
WDCM 00109
Guinea-pig isolate
3 Inclusivity L. monocytogenes + + Agreement
(genotype IV)
12MOB112LM
Meat isolate

a  +4:positive result, indicating the strain is confirmed to be the target;
-: negative result, indicating the strain is not confirmed to be the target.

b Agreement or deviation between the expected result and the result of the confirmation method being verified.

¢ Notable to grow on Agar Listeria according to Ottaviani and Agosti, and therefore tested from a non-selective agar plate.
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Table E.1 (continued)

Tested |Inclusivity/| Characteristics of Expected Result of the Interpretation®
strains | exclusivity the strain confirmation confirmation
result? method being
verified?
4 Inclusivity L. monocytogenes + + Agreement
(genotype II)
12MOB118LM

Dairy isolate

5 Inclusivity L. monocytogenes + + Agreement
Field strain LMO1

Smoked salmon

isolate

6 Exclusivity L. innocua - - Agreement
WDCM 00017

7 Exclusivity L. ivanovii - - Agreement
WDCM 00018

8 Exclusivity Bacillus cereus - - Agreement
WDCM 00001¢

9 Exclusivity | Enterococcus faecalis - - Agreement
WDCM 00009¢

10 Exclusivity |Staphylococcus aureus - - Agreement
WDCM 00034¢

a  +: positive result, indicating the strain is confirmed to be the target;
-: negative result, indicating the strain is not confirmed to be the target.

b Agreement or deviation between the expected result and the result of the confirmation method being verified.

¢ Notable to grow on Agar Listeria according to Ottaviani and Agosti, and therefore tested from a non-selective agar plate.

E.2 Alternative typing method verification — Example

This subclause shows an example of the verification of an alternative typing method to the
Salmonella serovar level, which was validated in accordance with ISO 16140-6 (also see the example
on the validation in ISO 16140-6:2019, Annex C). The reference Salmonella serotyping method is
ISO/TR 6579-3. The alternative serotyping method is a commercially available PCR-based test. The
alternative serotyping method claims to be able to serotype the following 15 Salmonella enterica subsp.
enterica serovars: S. Agona, S. Anatum, S. Brandenburg, S. Enteritidis, S. Hadar, S. Heidelberg, S. Indiana,
S. Infantis, S. Mbandaka, S. Montevideo, S. Lexington, S. Livingstone, S. Senftenberg, S. Typhimurium
and S. Virchow.

Select a variety of five target strains.
Select a variety of five non-target strains.

Test the selected inclusivity and exclusivity strains according to the alternative typing method being
verified.

The verification results are tabulated in Table E.2.

61



IS 17113 (Part 3) : 2022
ISO 16140-3 : 2021

Table E.2 — Overview of verification results for the alternative typing method

Tested
strains

Inclusivity/
exclusivity

Characteristics of the
strain

Expected
typing result?

Result of the
typing method
being verified?

Interpretation®

Inclusivity

S. Anatum
(3,{10}{15}{15,34}:e,h:1,6)
Field strain Salm01

Dairy product isolate

S. Anatum

S. Anatum

Agreement

Inclusivity

S. Enteritidis
(1,9,12:g,m:-)
WDCM 00030

S. Enteritidis

S. Enteritidis

Agreement

Inclusivity

S. Hadar
(6,8:Z10:e,n,X]
Field strain Salm02

Poultry meat isolate

S. Hadar

S. Hadar

Agreement

Inclusivity

S. Infantis
(6,7,14:r:1,5)
Field strain Salm03
Egg product isolate

S. Infantis

S. Infantis

Agreement

Inclusivity

S. Typhimurium
(1,4,[5],12:i:1,2)
WDCM 00031

Chicken tissue isolate

S. Typhimurium

S. Typhimurium

Agreement

Exclusivity

S. Panama
(1,9,12:1,v:1,5)
Field strain Salm04

Human isolate

Agreement

Exclusivity

S. Saintpaul
(1,4,[5],12:¢,h:1,2)
Field strain Salm05

Turkey isolate

Agreement

Exclusivity

Citrobacter freundii
WDCM 00006

Agreement

Exclusivity

Escherichia coli
WDCM 00012

Agreement

10

Exclusivity

Hafnia alvei
WDCM 00095

Agreement

a  —:negative result, indicating the strain is not confirmed to be one of the 15 target Salmonella serovars.

b Agreement or deviation between the expected result and the result of the typing method being verified.
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Annex F
(normative)

Protocol for the verification of non-validated reference methods
in a single laboratory

F.1 General

For non-validated reference methods, only (food) item verification is undertaken for verification of
qualitative (detection) methods and quantitative methods. Implementation verification does not apply
to non-validated reference methods, because there is no validation data available for comparison.

The verification focuses on (food) items that are within the scope of the reference method and within
the scope of laboratory application.

The technical rules for performing (food) item verification are given in E.5 for qualitative methods and
E.6 for quantitative methods.

F.2 (Food) item verification

The (food) item verification aims to demonstrate the competence of the user laboratory to perform the
non-validated reference method with (food) items that are tested in the user laboratory.

The user laboratory shall:

— select one non-challenging (food) item from a (food) category claimed in the scope of the reference
method, that is also a (food) category tested within the scope of laboratory application of the user
laboratory;

— select a minimum of one challenging (food) item from each (food) category claimed in the scope of
the reference method, that is also a (food) category which is tested within the scope of laboratory
application of the user laboratory;

— use these (food) items and the sample size as used in the reference method (or a smaller sample size
if routinely used in the user laboratory) to perform the (food) item verification.

F.3 Requirements for (food) item verification

Figure F.1 shows the case of a “broad range of foods” scope with no validation data.
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Scope of the method Scope of laboratory application
“Broad range of foods” scope

Reference method with no published
validation data

“Broad range of foods” scope
Implementation verification

ﬁategory 1 - Types — Items \
Category 2 — Types — Items
Category 3 = Types — Items
Category 4 — Types — Items
Category 5 — Types — Items
Category 6 ...

— Do not perform

(Food) item verification

— Choose first one non-challenging food item and
Qategory 15 then a minimum of 5 challenging food items,
each one from a different food category,
belonging to the scope of laboratory application

Figure F.1 — Food items required when verifying a non-validated reference method for a
“broad range of foods” scope

The user laboratory first demonstrates its competence to conduct the method correctly. To do so, it
selects and tests one non-challenging food item within the scope of laboratory application. After the
user laboratory has demonstrated it can perform the method correctly, it selects and tests a minimum
of five challenging food items, each one from a different food category and belonging to the scope of
laboratory application.

The scope of laboratory application shown in Figure F.1 is for a “broad range of foods”, meaning that
the user laboratory has included five or more food categories in its verification study and can therefore
claim application for a “broad range of foods”. If the scope of laboratory application is smaller than the
scope of the method, the user laboratory shall only test food items from its restricted food categories.
For example, if the scope of laboratory application is limited to three food categories, then the user
laboratory shall verify a minimum of one challenging food item from each of the three food categories.

Figure F.2 shows the case of a “limited range of foods” scope with no validation data.
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Scope of the method Scope of laboratory application

Reference method with no published

validation data Implementation verification
“Limited range of foods” scope

— Do not perform

Category 1 — Types — Items
Category 2 — Types — Items

Category 3 — Types — Items (Food) item verification

— If the scope of the method covers < 5 food
categories, choose first one non-challenging
food item and then a minimum of one challenging
food item from each of the food categories,
belonging to the scope of laboratory application

Figure F.2 — Food item required when verifying a non-validated reference method for a
“limited range of foods” scope

In this case, the user laboratory still demonstrates its competence to conduct the method correctly.
To do so, it selects and tests one non-challenging food item within the scope of laboratory application.
After the user laboratory has demonstrated it can perform the method correctly, it selects a minimum
of one challenging food item from each of the food categories and belonging to the scope of laboratory
application. If the scope of laboratory application is smaller than the method, the user laboratory shall
only test food items from its restricted food categories.

Figure F.3 shows the number of items required when food and other categories are included in the scope
of laboratory application. These categories include pet food and animal feed, environmental samples
(food or feed production) and primary production samples (PPS). If any of these other categories is
claimed to be within the scope of laboratory application of the user laboratory, then one challenging
item from each claimed category shall also be included in the (food) item verification.
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Scope of the method

Reference method with no published
validation data
“Broad range of foods and other
categories” scope

Category 6 ...
\ Category 15

/Category 1 - Types — Items
Category 2 — Types — Items
Category 3 — Types — Items
Category 4 — Types — Items
Category 5 — Types — Items

— Types — Items

— Types — Items

Category Primary production
samples — Types — Items

Category Pet food and animal feed

Category Environmental samples

Scope of laboratory application
“Broad range of foods and other categories” scope

Implementation verification

— Do not perform

(Food) item verification

Choose first one non-challenging food item and

then a minimum of 5 challenging food items, each
one from a different food category, belonging to
the scope of laboratory application

If other categories are included, choose one

challenging item from each of these other
categories, belonging to the scope of laboratory

application

Figure F.3 — Items required when verifying a method for a “broad range of foods and other
categories” scope

Table F.1 summarizes the minimum number of (food) items required for the different scenarios of a

non-validated reference method.

Table F.1 — Summary of the minimum number of (food) items required for verification of a
non-validated reference method

Scope of the reference method

Number of samples

Implementation
verification

(Food) item verification

Total

“Broad range of foods” scope
> 5 food categories

Not applicable

1 non-challenging +
N¢y0q 2 5 challenging food items

>6

scope only

other) + N, < 3 challenging
items

“Limited range of foods” scope | Notapplicable 1 non-challenging + (Nfgog t 1) =5
Ny, .q Categories Nfyoq < 4 challenging food items
“Broad range of foods” + Not applicable 1 non-challenging + 26+ Nyper
other categories (N0 scope Nfy0q 2 5 challenging food items
+
1 challenging item from each of
the N,e, Other categories
“Limited range of foods” Not applicable 1 non-challenging + (Nfood * Nother + 1) <8
N, q Categories Niooqa <4 challerlgmg food items
+ other categories (N ,..) scope 1 challenging item from each
of the N, other categories
Other categories (Nyer) Not applicable 1 non-challenging (food or (Nother * 1) <4
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Table A.1 provides the list of (food) categories and corresponding (food) items. Annex B provides
further guidance on the selection of a challenging (food) item from each (food) category for (food) item
verification.

F.4 Performance characteristics

Table F.2 lists the required performance characteristics for method verification.

Table F.2 — Required performance characteristics to be determined for verification of a
non-validated reference method

Method Performance characteristic Implementation verification | (Food) item verification
Qualitative |Estimated LODg, (eLODg) Not applicable 4

Intralaboratory reproducibility
Quantitative |standard deviation (S;)

Not applicable Not applicable

Estimated bias (eBias) Not applicable v

NOTE For the verification of a qualitative method, three protocols are proposed to the user laboratory. The protocol 3 does
not require a determination of an eLODg, but to target a concentration of 3 cfu to 5 cfu/test portion.

F.5 Qualitative methods — Technical protocol for verification of a non-validated
reference method

F5.1 Estimated LOD;, (eLOD;,) determination

For non-validated reference methods, the eLODs, determination is required for the (food) item
verification.

During the verification, run the full procedure of the non-validated reference method as described,
including the confirmation procedure (if there is one). A minimum of one individual test portion at
each inoculation level needs to be confirmed, and the number of colonies for confirmation may be
reduced to one.

F.5.2 Experimental design

The user laboratory shall select one of the three protocols described in Table F.3. For non-validated
reference methods, the LOD; value is assumed to be equal to 1 cfu/test portion.

Table F.3 — Protocols to determine eLOD;, and number of replicates needed per inoculation
level for a non-validated reference method

Inoculation level of the test portion
High level Intermediate Low level 3 cfuto 5 cfu/ Blank | Total number
Protocol 9 cfu/test level 1 cfu/test test portion of replicates
portion 3 cfu/test portion
portion
1 1 4 4 - 1 10
2 - 3 5 - 1 9
3 - - - 7 1 8
NOTE The abbreviation of colony forming units is cfu.

For further details, see 5.2.
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F.5.3 Selection of (food) items

For (food) item verification, the user laboratory shall:

method and tested within the scope of laboratory application;

firsttest one non-challenging (food) item from a (food) category claimed in the scope of the reference

then test a minimum of one challenging (food) item from each (food) category claimed in the scope

of the reference method and tested within the scope of laboratory application.

F.5.4 Artificial contamination

F.5.4.1 Selection of strains

See 5.4.1.

F.5.4.2
See 5.4.2.

Inoculation of the test portions

For non-validated reference methods, the LOD; value is assumed to be equal to 1 cfu/test portion.

Table F.4 provides a guide on how to achieve the inoculation levels for each protocol.

Table F.4 — Inoculation levels for each protocol for a non-validated reference method

Protocol High level Intermediate level Low level 3 cfuto 5 cfu/test
9 cfu/test portion 3 cfu/test portion 1 cfu/test portion portion
1 This should be ata From the high inocu- | From the intermediate -
maximum of nine times| lation level, perform a | inoculation level, per-
the assumed LODg,. | 1:3 dilution to achieve | form a 1:3 dilution to
the intermediate level. | achieve the low level.
2 - This should be at a From the intermediate -
maximum of three inoculation level, per-
times the assumed form a 1:3 dilution to
LODg,. achieve the low level.
3 - - - The level of contamina-

tion of the inoculum is

known, (e.g. reference

material with known
concentration).

More dilutions can be tested in order to make sure the target levels are reached. Use as many dilutions
as needed, but always take into account a 1:3 dilution factor between the levels.

F.5.5 Evaluation of results

See 5.5.

For non-validated reference methods, the LOD; value as mentioned in Table 6 and Table 8 is assumed
to be equal to 1 cfu/test portion.

E5.6 Acceptability limits

The eLODg,, determined according to protocol 1 (see 5.5.1) or protocol 2 (see 5.5.2) shall not
be > 4 x LOD¢,. For non-validated reference methods, the LODg value is assumed to be equal to 1 cfu/
test portion. Therefore, the eLOD; shall not be > 4 cfu/test portion.

For protocol 3, there shall be a minimum of six positive results out of the seven replicates tested.

68



IS 17113 (Part 3) : 2022
ISO 16140-3 : 2021

E.7 provides a summary of the acceptability limits.

F.5.7 Root cause analysis

When the result exceeds the acceptability limit (if the eLODg is > 4 cfu/test portion), perform a root
cause analysis to provide an explanation for the observed results.

For further details, see 5.7.

F.6 Quantitative methods — Technical protocol for verification of a non-
validated reference method

F.6.1 Intralaboratory reproducibility standard deviation determination

For non-validated reference methods, only the determination of the estimated bias (eBias) is required.
The determination of the intralaboratory reproducibility standard deviation is not required.

F.6.2 Estimated bias (eBias) determination
For (food) item verification, the user laboratory shall:

— firsttest one non-challenging (food) item from a (food) category claimed in the scope of the reference
method and tested within the scope of laboratory application;

— then test a minimum of one challenging (food) item from each (food) category claimed in the scope
of the reference method and tested within the scope of laboratory application.

For further details, see 6.2.

F.7 Summary of acceptability limits

Table F.5 summarizes the acceptability limits that are used for method verification of non-validated
reference methods.

Table F.5 — Acceptability limits for the verification of non-validated reference methods

Method Performance characteristics Acceptability limits

For protocols 1 and 2:  eLODs < 4 cfu/test portion
Qualitative eLODg,
For protocol 3: > 6 out of 7 positive results

| log;q cfu/ml (inoculum) - mean log;, cfu/test portion
Quantitative eBias (artificially contaminated [food] item) | < 0,5 log; for
each of the inoculation levels
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microbiological examination — Specific
rules for the preparation of miscellaneous
products

IS 17779 : 2021 Microbiology of the food
chain — Preparation of test samples,
initial suspension and decimal dilutions
for microbiological examination
Specific rules for the preparation of milk
and milk products

IS 16980 : 2018 Microbiology of food
and animal feed — Preparation of test
samples, initial suspension and decimal
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Specific rules for the preparation of
samples taken at the primary production
stage

IS 16122 : 2013 Microbiology of food
and animal feeding stuffs — General
requirements  and guidance  for
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IS 17113 (Part 1) : 2019 Microbiology
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Degree of
Equivalence

Identical with
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In reporting the result of a test or analysis made in accordance with this standard, if the final value,
observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 2022 ‘Rules for
rounding off numerical values (second revision)'.
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