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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve‘t
patent(s). I$O takes no position concerning the evidence, validity or applicability of any clai

rights in regpect thereof. As of the date of publication of this document, ISO had not.received

patent(s)

ich may be required to implement this document. However, implementers are ca

this may ngt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or alljstich patent righ

Any trade
constitute 3

For an expl
related to
Organizatig

This docu

CEN/TC 46
between IS

This fourth

n endorsement.

hnation of the voluntary nature of standards, the meaning of ISO specific terms and
conformity assessment, as well as information about ISO’s adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

&

use of (a)
ed patent
hotice of (a)
tioned that
available at
ts.

hame used in this document is information given for the convenience of users and does not

pxXpressions
Yorld Trade
pbword.html.

ent was prepared by Technical Committee NSO/TC 34, Food products, Subcommittee SC 9,
Microbiolo‘;t/, in collaboration with the European Committee for Standardization (CEN) Technical

B, Microbiology of the food chain, in accordance with the Agreement on technical
D and CEN (Vienna Agreement).

edition cancels and replaces the third edition (ISO 7218:2007), which has been

revised. It

11
The main c

— the cald

the equ

Cross-r
validat

informd

so incorporates the AmendmentfSO 7218:2007/Amd 1:2013.

anges are as follows:

ulations section has been simplified and two further calculators have been added;
ipment section has\been reorganized into groups with similar purposes and requirel

pferences havebeen added to other general microbiology standards such as those
on and verification, and uncertainty to reduce repetition;

ition enlaboratory quality control and characterization of control microorganisms has

Committee
Cooperation

technically

ments;

for media,

been added.

Any feedba

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

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

When conducting microbiological examinations, it is especially important that:
— only those microorganisms present in the samples are detected and/or enumerated;
— these microorganisms do not contaminate the environment.

To achieve this, good laboratory practices are essential, including personal hygiene and asep
techniques which exclude extraneous contamination as far as possible.

tic working

Only limited information on the precautions to be taken during microbiological examinations is given in
this document, so a thorough knowledge of the microbiological techniques and microorganisms involved

is essential[ Tt is important that examinations are conducted safely, correctly and as carefully
including monitoring and recording aspects that can affect results, calculating numbers of micr
and assessipg the uncertainty of test results.

The most
However,
ensure goo
and hygienic practices but can also improve reliability of test results.

mmon risks and their control in the microbiological laboratory are given in this
rk processes in each laboratory can differ and appropriate risk analysi$ should be ca

The purpoge of this document is to help to ensure the validity of microbiology examinations
chain. In prticular, to ensure that general techniques for conducting-examinations are the
laboratorie$, to achieve consistent results in different laboratories dridto contribute to safety o
personnel Hy preventing risks of infection.

This docunjent includes the main measures necessary for cenducting the wide range of mic
examinatiops. Additional information is available from “the literature listed in the Bibliog
References [43] to [47]).

In this docyment, the following verbal forms are used:

“shall” Indicates a requirement;

“should” indicates a recommendation;

“may” indicates a permission;

— “can” in

dicates a possibility er acapability.

In addition,|the imperative mood is used to give instructions or where actions are required.

as possible,
porganisms

document.
nsidered to

laboratory practices. Periodic evaluation and control of critical points not only malintains safe

in the food
same in all
[ laboratory

robiological
rraphy (see

© IS0 2024 - All rights reserved
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Microbiology of the food chain — General requirements and
guidance for microbiological examinations

1 Scope

This document specifies general requirements and gives guidance on microbiological examinations.

It is applicaple to:

the implementation of specifichorizontal or vertical International Standards developedbyISO

orISO/TC34/SC5 for detection or enumeration of microorganisms, named hereafterspecific

good la

guidan
require

The requirg

Additional
ISO 22174.

This docum
with specif]
metabolites

This docunj
animal feed
is also appl
regarded ag

2 Norm

oratory practices for microbiology laboratories testing samples from thefood chain;

fe for microbiological laboratories testing samples from the _food chain on th
ments for conforming to ISO/IEC 17025.

ments of this general standard supersede corresponding ongs in existing specific std
instructions for examinations using the polymerase, chain reaction (PCR) are s
ent is applicable to examinations for bacteria, yea§ts and moulds and can be used, if su

ic guidance, for parasites and viruses. It does not apply to examinations for toxi
(e.g. amines) from microorganisms.

ent is applicable to microbiology of the\food chain, from primary production stage

cable to the microbiological exaniination of water where water is used in food prod
a food in national legislation.

htive references

There are np normative references in this document.

3 Terms

For the pur
[SO and IEC

and definitions
poses of'this document, the following terms and definitions apply.

maintain terminology databases for use in standardization at the following address

TC34/SC9
standards”;

U

e technical

ndards.

pecified in

pplemented
ns or other

to food and

products, including the premises where the food or feed production and handling takes place. It

uction or is

ES:

3.1
food chain

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

sequence of the stages in the production, processing, distribution, storage and handling of a food (3.2) and
its ingredients, from primary production to consumption

Note 1 to entry: The food chain includes the environment of primary production, food and feed production, and

handling.

Note 2 to entry: The food chain also includes the packaging materials intended to come into contact with food, feed
(3.3) or raw materials.

© IS0 2024 - All rights reserved
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[SOURCE: ISO 22000:2018, 3.20, modified — Notes to entry replaced.]

3.2
food

products intended for human consumption
substance (ingredient), whether processed, semi-processed or raw, which is intended for human
consumption, and includes beverages and any substance which has been used in the manufacture,
preparation or treatment of “food” but does not include cosmetics or tobacco or substances (ingredients)
used only as drugs

[SOURCE: CAC/GL 81-2013, 6, modified — Admitted term added. “(ingredient)” added, “beverages” replaced

“drink” and

3.3

“chewing-gum” deleted in the definition.]

feed
products fo
single or m
to animals

Note 1 to ent]

[SOURCE: [
definition. ]

3.4

food or fee
any operati
service of f

[SOURCE: I

(e.g. prepar
added in th

3.5
primary pu
stage of the
harvesting,

Note 1 to ent

3.6

horizontal
method for
excluding a

3.7
vertical m¢
sectorial m

pn in the processing (e.g. preparation, cooking, packaging), storage, transport, disty

I feeding animals
hltiple product(s), whether processed, semi-processed or raw, which is (are) 'intend

ry: These products are intended for food-producing animals and non-food producing animals

SO 22000:2018, 3.16, modified — Admitted term added. “foged‘producing” del
Note 1 to entry replaced.

d production and handling

od (3.2) or feed (3.3)

50/ TS 22002-2:2013, 3.9, modified — “or feed, production and” added in the term.
htion, cooking, packaging)” replaced “preparation, processing, cooking, packaging”, a
e definition.]

oduction stage
b food chain (3.1) at which the production, rearing or growing of primary product]
milking and farmed animal production before slaughter, takes place

ry: It also includes hunting, fishing and the harvesting of wild products.

method
microbiologicalyexamination that is broadly applicable to samples within the food
hy documented limitations

rthod

method for

production stag ),

a product or a group of products (e.g. milk and milk products, me

products, fish and fishery products, feed (3.3))

3.8

specific standard
standardized reference method for the examination (e.g. detection, enumeration, confirmation or
identification) of a specific microorganism or group of microorganisms

Note 1 to entry: A specific standard can describe a horizontal method (3.6) or a vertical method (3.7).

© IS0 2024 - All rights reserved
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general standard
supporting document describing general guidance and requirements necessary for application of specific
standards (3.8)

3.10
strain

progeny or subculture of a single isolated colony in pure culture that displays the phenotypic characteristics
or possesses the molecular attributes/properties as identified with being associated within the classification
of the species of that microorganism

3.11

target strain

strain (3.10j

[SOURCE: I3
detected or

3.12
target orgg
microorgan

[SOURCE: I
sample”.]

3.13

laboratoryj
microorgan
or serologid

3.14
reference §
microorgan
at least the
originating
applicable

[SOURCE: 1§

3.15

natural ba
microorgan
microorgan

[SOURCE: 1
flora” as the

3.16

1L 1 1. FRSR | £l +1 1
J, UCTIIITU dLLUT UL LU LT SCUPT UL LT HITUHITIOU

b0 16140-1:2016, 2.74, modified — “method” replaced “reference method that is, exp
enumerated by the alternative method”.]

Inism
ism that is the designated analyte for a microbiological examination

SO 22117:2019, 3.1, modified — “microbiological examination® replaced “proficig

strain
ism that is defined to at least the genus and species level, and characterized biochen;
ally and/or with molecular testing, and preferably-originating from the food chain (3|

train
ism obtained directly from an officialsx¢ulture collection or reference laboratory an
penus and species level, catalogued and described according to its characteristics an

0 22117:2019, 3.4]

Ckground microorganism
ism that is natuisally present or can be introduced to compete with or mimig
ism

50 22117:2019, 3.2, modified — “natural background microorganism” replaced “
terms=included in a proficiency testing sample” deleted in the definition.]

matrix

ected to be

ncy testing

tically, and/
1)

| defined to
| preferably

from food (3.2), food productionsareas, primary production stages (3.5), animals ¢r water, as

the target

background

all the components of the sample

[SOURCE: ISO 16140-1:2016, 2.38, modified — “(product)” deleted in the term.]

3.17

biological resource centre

BRC

service provider or repository of the living cells, genomes of organisms and information relating to heredity
and the functions of biological systems

Note 1 to entry: BRCs contain collections of culturable organisms (e.g. microorganisms), replicable parts of these
(e.g. genomes, plasmids, viruses, cDNAs), viable but not yet culturable organisms, cells and tissues, as well as databases
containing molecular, physiological and structural information relevant to these collections and related informatics

© IS0 2024 - All rights reserved
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ECD, 2007144]]

microbial (sub)type
group of closely related microorganisms (within a species) distinguished by their shared specific
characteristics as determined by, for example, serological testing (serotype) or molecular testing (genotype)

[SOURCE: ISO 16140-6:2019, 3.5]

3.19

challenge testing
study of the growth or inactivation of microorganism(s) artificially inoculated in food (3.2)

[SOURCE: ISO 20976-1:2019, 3.5]

3.20
accuracy
accuracy off
measurems
closeness o

[SOURCE: 1
preferred te¢

3.21
resolution
smallest ch
indication

[SOURCE: I§

measurement
nt accuracy
agreement between a measured quantity value and a true quantity value'of a measy

50/1EC Guide 99:2007, 2.13, modified — “accuracy” replaced “nieasurement accui
erm. Notes to entry deleted.]

ange in a quantity being measured that causes a pérceptible change in the coj

O/IEC Guide 99:2007, 4.14, modified — Notes to'entry deleted.]

3.22

uncertaintly

uncertaintyf of measurement

measurement uncertainty

non-negatiye parameter characterizing the)'dispersion of the quantity values being attri
measurand| based on the information used

[SOURCE: I$O/IEC Guide 99:2007, 2-26, modified — “uncertainty” replaced “measurement unc
the preferr¢d term. Notes to entry deleted.]

3.23

calibration

set of operptions that €stablish, under specified conditions, the relationship between valug
by a measyring instrument or measuring system, or values represented by a material measy
correspondfing knoww'values of a reference standard

3.24

verification

rand

acy” as the

responding

puted to a

brtainty” as

s indicated
re, and the

provision of objective evidence that a given item fulfils specified requirements

[SOURCE: ISO/IEC Guide 99:2007, 2.44, modified — Examples and notes to entry deleted.]

3.25
contamina

tion

undesirable presence of microorganisms in the environment, on surfaces (including human skin) or in (or
on) laboratory samples

© IS0 2024 - All rights reserved
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cross-contamination
unintentional transfer of microorganisms or their constituents, such as DNA, or metabolites from one area

or article to

Note 1 to ent

another

ry: This can include, but is not limited to, transfer from:

the laboratory environment to laboratory samples;
laboratory personnel to laboratory samples;
one laboratory sample to other laboratory samples;

one laboratory area to another;

the labo|

3.27
process co
internal qu

have been dchieved

Note 1 to en

to finish with each batch of samples, as well as positive, negative and blank samples that are used to

acceptability
equipment),

4 Premi

4.1 Gene

This clause
a microbiol

NOTE G
Further sped

4.2 Biosafety considerations

The laborat
and potenti

The curren
WHO Labor

NOTE R

ratory area to adjacent production areas.

htrol
hlity control (IQC) system that is used to confirm acceptable conditions of the ent

try: This includes the use of a target organism that is tested in accordarice with the methg

of media/reagents and consumable supplies, and of the incubation environment (t
hnd to confirm the competence of personnel.

ses

ral

gives general requirements, including the-principles of design and organization, for t
bgical laboratory testing samples from:the food chain.

nidelines referring to PCR in this dosurhent apply equally to other nucleic acid amplificat
ifications for laboratories using PCR are given in ISO 22174.

ory design shall complywith the relevant biosafety requirements for the type of mic
al for causing humamillness.

E four biosafefy levels and laboratory design requirements for each are fully desci
atory Biosafety Manuall4Z] or the OIE Terrestrial Manuall43l,

pgionakernational regulations can differ in definitions of biosafety levels or risks from micr

4.3 Laboratory design

ire process

d from start
confirm the
emperature/

he layout of

on methods.

roorganism

ribed in the

borganisms.

The guidelines for laboratory layout described in this clause cover examinations for the detection and
enumeration of microorganisms belonging to Biosafety Levels 1 and 2, as only these are routinely handled
in food microbiology laboratories. Further details can be found in the WHO Laboratory Biosafety Manuall4Zl,

NOTE N

4.4 Labo

ational and regional legislation can require different and/or additional safety measures.

ratory areas

4.4.1 General

The laboratory comprises separate areas associated with samples and testing (see 4.4.2) and other general
areas (see 4.4.3).

© IS0 2024 - All rights reserved
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4.4.2 Areas associated with samples and testing

It is good practice to allocate separate rooms or clearly designated areas, with dedicated equipment where
necessary, for the following activities:

— receipt

and storage of laboratory samples before and after testing;

— preparation of laboratory samples and test portions (separate powders and those likely or known to
contain highnumbers of microorganismstoreduce the risk of cross-contamination, and also commercially
sterile foodstuffs to prevent contamination by other samples);

— examination of test portions from the initial suspension, including all dilution, plating, incubation and
counting steps of enumeration tests and detection tests up to isolation of presumptive pathogens;

— manipylation of presumptive pathogens, including those from proficiency testing schemes.o

spiked

— handlirjg and storage of reference cultures and other laboratory strains;

— prepar

details);

— prepar

— storagq of culture media and reagents;
— decontamination and disposal of biohazard waste;
— cleaning of glassware and other equipment;

— storagd of hazardous chemicals, preferably in specially designated cabinets, cupboardy

buildin

The areas
limited, act

4.4.3 General areas
Separate argas are set aside for the following:
— entranges, corridors, stairways.and lifts;

— cloakrdoms, toilets and,staff rooms;

— admini

— storagd of generallaboratory supplies.

4.5 Layo

samples deliberately contaminated with pathogens;

ition and testing of samples by PCR nucleic acid amplification methods (see 1SO 22

htion and sterilization of culture media, reagents and necessary equipment;

PS.

=]

Can be interconnected provided hygieme recommendations (see 5.4) are met and
vities can be separated by time.

Stration (e.g¢Seeretarial, offices, document archives);

nt-and fittings of the premises

" laboratory

174 for full

, rooms or

if space is

4.5.1 Objectives

The primary objective is to ensure that the environment in which microbiological examinations are carried
out is safe and does not adversely affect the validity of test results.

Arrange the premises to avoid risk of cross-contamination, for example:

— construct the laboratory according to the pattern and flow of work (the “no way back” principle);

— carry out procedures in a sequential manner using appropriate precautions to ensure test and sample
integrity (e.g. use of sealed containers);

— separate activities by space or time (see 4.4.2).

© IS0 2024 - All rights reserved
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Avoid conditions such as extremes of temperature outside the accepted range (18 °C to 27 °C), draughts,
dust, humidity, steam, noise, vibration, etc., all of which can affect the validity of microbiological test results.

Locate air flows into and out of the laboratory to minimize the risk of contaminating samples under test or
any adjacent food processing facilities.

Sufficient space should be available so work areas can be kept clean and tidy. The space required should
be proportional to the number of samples and tests handled, the number of staff and the overall internal
organization of the laboratory.

4.5.2 Fittings

The test premises should be constructed and equipped as follows to reduce the risk of contamination by

dust and th

Thewa
used in

Floors

Overhe

FTefore by TIICTo0TgarisTS:

Is, ceilings and floors should be smooth, easy to clean,and resistantto detergentsandd
laboratories.

hould be slip-resistant.

hd pipes should not cross the premises unless they are sealed or enclosed. Any oth

structures should be covered or readily accessible for regular cleaning.

Windoy
contany

The a
etc) s
regular]

Adequd
contam

When t
aclean

If neces
by the
they ca

4.5.3 Oth

Consider ge

vs and doors should be closed when testing to minimizé, draughts and potenti
ination. They should be designed to avoid formation of dust traps and to facilitate clg

bient temperature (18 °C to 27 °C) and air quality (mictoorganism content, dust spr
ould be compatible with testing. Air-conditioning ‘systems should supply filtered
ly cleaned and serviced or maintained.

te measures, such as special workstations, should be taken to minimize exposure t
ination from dust when handling dehydrated culture media and dusty or powdered §

ests are to be conducted in a low-contamination atmosphere, the room should be eq
laminar airflow and/or safety cabidet.

sary, the laboratory environment should be protected from the harmful effects of sol
ise of shutters or suitably treated window glass. Internally installed blinds are not
h be difficult to clean and‘can become a source of dust.

er arrangements for-laboratory premises

neral arrangemeiits such as the following:

availab

lity of water supply, of suitable quality for the intended use;

availabjlity of.electricity;

sinfectants

br overhead

al airborne
aning.

pading rate,

air and be

and cross-
amples.

hipped with

ar radiation
suitable as

availabjlity of gas (piped or bottled);

sufficie

nt lighting for tasks undertaken in each area of the laboratory;

cleaned and disinfected;

the testing areas;

© IS0 2024 - All rights reserved
7

laboratory bench tops and furniture manufactured in smooth, impermeable material that is easily

laboratory furniture that is movable or designed to allow access for cleaning floors and equipment;

no furniture, documents or other items than those strictly necessary for testing activities to be kept in

separate storage for test records and other necessary documents away from samples and test materials;


https://standardsiso.com/api/?name=84b2cae70573de679044d55bdb0b980d

4.54 C(Cle

Consider methods, frequency and controls for cleaning and disinfection according“to risk an
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provision of handwashing facilities (or special solutions or gels containing alcohol) in each testing room,
preferably near the door;

provision of designated handwashing facilities, preferably with hands-free operation, at the entrance/
exit to pathogen testing areas;

provision for hanging used laboratory clothing when exiting laboratory areas;

availability of an autoclave for destruction of contaminated waste materials and culture media, unless
another appropriate system such as removal and incineration is in place (see 6.2.2);

provision of safety systems for fire and electrical emergencies;

provision of safety showers and eyewash facilities, where necessary;

provisi

The flg
regular]

Carry d
tests.C
known

Use deq
risk arg

NOTE
Mainta

Monito
the air

Surface
agents

Contan
open P
approp

be used.

bn of first aid facilities.

hning and disinfection

bints:

ors, walls, ceilings, laboratory bench tops, furniture and junétions between thes
ly maintained and repaired to avoid cracks which can harbour‘eontamination.

ut regular cleaning and disinfection to keep the premis€s in a condition suitable for
bntaminated or potentially contaminated surfaces should be decontaminated usinga
to be bactericidal and fungicidal (see Annex A).

licated cleaning equipment for all microbiology<laboratories, with separate equipmg
as such as pathogen laboratories.

Rooms and equipment can be decontaminated by fumigation with formaldehyde vapour if]
n the ventilation systems and filters'and change the filters when necessary.

F the microbiological contaminatien level of laboratory work surfaces, staff contact s

hgainst sanitizers (e:g- lecithin, sodium thiosulfate) or by swabbing (see ISO 18593).

ination level ¢f)laboratory air may be monitored by exposing (e.g. for 15 min to
ptri dish containing a non-selective agar medium, such as plate count agar, or a se
riate for theltarget microorganisms sought (e.g. moulds). Active air sampling equipmg

il

1 check the

b should be

conducting
Hisinfectant

nt for high-

appropriate.

urfaces and

regularly (at a frequency depending on previous monitoring results and risk to valjdity of test
results).

contamination maybe-estimated by applying a contact plate, containing suitable neutralizing

30 min) an
ective agar
nt may also

Perso

el
TARCT

5.1 General

General requirements on the competence of laboratory staff can be found in ISO/IEC 17025.

5.2 Competence

For each method or technique, define objective criteria for the assessment of appropriate competence, both
initially and on an ongoing basis.
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Competence can be assessed by internal quality control (IQC) or proficiency testing (PT) (see Clause 16).

NOTE

A method of investigating the cause of poor performance (pipetting, poor homogeneity of the initial

suspension, dilution preparation, colony counting, etc.) for enumeration by counting colonies is given in ISO 14461-1.

5.3 Verification of ongoing staff competence

Verification of ongoing staff competence should be carried out at a documented frequency against objective
parameters. This includes participation in regular IQC, PT (see ISO 22117), use of (certified) reference
materials or by self-assessment tests for enumeration of microorganisms as described in ISO 14461-2.

Any deviations from expected results or unsatisfactory results should be investigated and personnel
retrained.

5.4 Hygiene

Take the fdllowing personal hygiene precautions to avoid contaminating samples, culture m
reagents, aiid to avoid the risk of infecting laboratory personnel or those in adjacentareas:

6

Wear properly fastened laboratory clothing that is clean and in good condition. Use clothing
fabric Which limits the risks of flammability where open flames are in use. Consider ded
fastening laboratory coats, preferably with long sleeves and elasticated cuffs, and laborato
designgted pathogen handling areas. Do not wear laboratory clothing outside the laboratoryj
(and chnging rooms).

bdia and/or

made from
cated, fully
'y shoes for
work areas

Store dutside clothing and personal possessions, such as phenes, headphones and jewellery, before

enterinig the laboratory as these can be a source of contamination.
Wear pfotection for hair and beards, if required and necessary.

Keep fihgernails clean and preferably short.

Wash hands thoroughly under running water, preferably delivered hands free, befor¢ and after

microb
soap, p

ological examinations and immediately after visiting the toilets. Use liquid, foam o
eferably delivered by an automatic dispenser. Dry hands with single-use paper or

I powdered
loth towels

and didcard these into an adjacent sealed bin. Hot-air hand dryers are not suitable for use in testing
areas of microbiology laboratories<but can be used in other areas. Use of a hand sanitiser after drying is

recommended. These precaution's are applicable both to laboratory staff and visitors.

When yorking with expos€éd)samples, cultures, culture media, reagents, etc. and when manipulating

tests, ayoid speaking, coughing, etc.

Staff wiith skin infeetions or other illnesses likely to spread microorganisms which can dontaminate

samplef and invalidate test results shall take the necessary precautions, such as wearing
gloves ¢r covering affected areas.

Do not
refrigel

eat of drink in the laboratory and do not put food for personal consumption in
dtors, freezers or microwaves.

disposable

laboratory

Mouth pipetting is strictly prohibited.

Equipment and consumables

6.1 General

In accordance with good laboratory practice, keep all apparatus and equipment clean and in good working
condition. Equipment shall be constructed and installed to facilitate operation and to allow for ease of
maintenance, cleaning, decontamination and calibration. Dedicated equipment, such as trolleys, pipettors,
etc., should be allocated to pathogen testing areas.
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Check that all equipment is suitable for the intended purpose and conforms to specified requirements before
use. Ensure equipment used for measurements is capable of achieving the accuracy and/or uncertainty

required to

produce a valid result.

Calibrate critical equipment that directly affects the validity of test results and/or associated uncertainty in
a metrologically traceable manner. For non-critical measurement equipment, verification is sufficient.

NOTE

calibration is necessary or not.

The decision chart in ISO 20836:2021, Figure 1, includes guidance on whether a metrological traceable

To maintain confidence in the status of the calibration, establish a documented calibration schedule to
minimize invalid test results.

Maintain eq

uipment regularly to ensure safety and suitability for the intended use and perform intermediate

checks whe
calibration
since itis d
many facto
the manufa
considered

Throughou
These are b
use. The tol
performang
analysis.

6.2 Sterilization and other heating equipment

6.2.1 General

This equipt
boiling-wat
cookers ang

6.2.2 Aufloclave

6.2.2.1 Description

An autoclay

The autoclave should becequipped with:

n necessary to give confidence in the ongoing performance of the equipment. The.f
hnd verification checks of each item of equipment is, in most cases, not specified in thi
btermined by each individual laboratory using a risk-based approach. The frequency
s, including the type of equipment and the level of laboratory activity, and is+in acco
cturer’s instructions. In a limited number of cases, a frequency has been)specified |
essential.

this clause, requirements for accuracy and/or uncertainty of medasuring equipmen
ased on the practical tolerance required to demonstrate suitable control of equipmer]
erance stated is related to the metrological uncertainty of thé déevice (see ISO/IEC Gu
e criteria given in this clause apply to the equipment con¢erned and not to the whol

nent includes autoclaves (see 6.2.2), culture media preparators (see 6.2.3), steame|
er baths (see 6.2.4), sterilizing ovensy(se€ 6.2.5), microwave ovens (see 6.2.6), hotplatg
heating mantles (see 6.2.7), and.gas’(Bunsen) burners or wire incinerators (see 6.2.

e enables a saturated steam temperature under pressure to be attained in the chambh

requency of
5 document,
depends on
rfdance with
ecause it is

t are given.
It in routine
de 99). Any
> method of

s, including
s, induction
B).

er.

— atleast{one safety)valve and a safety lock;
— adrain|coegk;
— a regul ation-deviee aHuvv;uS the tcnupcx ature-irthechamberto-bemaintainedto—-within=*3 °C of the

target temperature (to take into account the uncertainty associated with the monitoring thermocouple);

a timer

a temperature probe or a recording thermocouple;

and temperature recorder.

6.2.2.2 Use

With steam sterilization, all air is expelled before the pressure can build up. If the autoclave is not fitted with
an automatic evacuation device, it is necessary to expel the air until a continuous jet of steam is emitted.

Load the au

toclave to ensure a free flow of steam to replace the air.
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For the sterilization of culture media, the saturated steam in the chamber shall be at a temperature
of 121 °C % 3 °C, or other temperatures specified by the manufacturers in the preparation instructions or in
the test method.

For the destruction of cultured microorganisms and for decontaminating equipment and/or culture media
after use, the saturated steam in the chamber shall be at a temperature of at least 121 °C + 3 °C.

Do not autoclave unsuitable materials and media, especially those that can pose a safety risk, e.g. due to
decomposition or build-up or corrosive or volatile compounds.

To avoid cross-contamination, use separate sterilization cycles to sterilize clean equipment and/or culture
media and to decontaminate used equipment and/or used culture media. It is preferable to use separate
autoclaves, which can be located in separate areas, for these two processes.

After autoclaving, allow all materials and equipment to cool within the autoclave before removal.
For safety reasons, do not remove the contents until the chamber temperature has dropped-below 80 °C.

Sterilization cycles for large loads (such as those used by commercial manufacturers)may be evaluated using
F, values, taking into account the heat treatment during heating and cooling. The/heat treatment should be
defined for|each particular load to be treated to ensure suitable conditions irrespective of the container
type or pladement in the autoclave (see ISO 17665).

6.2.2.3 Maintenance

Clean the chamber, and drain the filter and door seals regularly. Cheek the door seals for integritly. Carry out
draining and descaling, if necessary, at regular intervals. Follow the'manufacturer’s instructiong.

6.2.2.4 Calibration and verification

Keep the aytoclave in good operating condition and schedule regular inspections by qualified gersonnel in
accordancefwith the manufacturer’s instructions.

Keep the mpnitoring instruments in good working order and verify them by calibration and regylar checks.

Initial commissioning should include performance studies for each operating cycle and| each load
configuratipn used in practice. This process should be repeated after significant repair or njodification.
Sufficient emperature sensors shaqtild be positioned within the load to demonstrate adg¢quate heat
penetration] at all locations. Validation and revalidation should consider the suitability of heat-up and cool-
down timed as well as the sterilization temperature.

For each lopd, as a minimum;*a process indicator (e.g. steam chemical integrator or biologicdl indicator)
should be included at the.gentre of the load to show that the target temperature was reached where a
traceable rgcord of pragéss efficiency is not available.

6.2.3 Cul[ure media preparator

6.2.3.1 Deseription

A culture media preparator is principally designed for sterilization of large volumes of media (>11). It consists
of a heating vessel, water jacket and continuous stirring device, and is also fitted with a temperature gauge,
pressure gauge, timer and safety valve.

A temperature sensor is positioned in contact with the culture media to demonstrate adequate heat
treatment according to the temperature tolerances established for each medium.

In addition, the unit should have a safety lock to prevent opening until a temperature of < 80 °C is reached.

6.2.3.2 Use

Follow the manufacturer’s instructions at all times.
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The entire production process takes place within the preparator. After the addition of all the ingredients,
they are dissolved by stirring and heating. This is followed by sterilization.

6.2.3.3 Maintenance

Wash the preparator and rinse thoroughly with purified water (see 6.7.1) between each culture media batch.

NOTE

indicators present in certain culture media, followed by thorough rinsing with purified water.

Rinsing with a volume fraction of 70 % ethanol can be useful to remove staining from strongly coloured

Maintain the culture media preparator in good operating condition and schedule regular inspections by
qualified personnel in accordance with the manufacturer’s instructions.

6.2.3.4 Calibration and verilication

Keep the m

Initial commissioning should include performance studies for each operating icyele and

configurati

For each loa
contact wit

6.2.4 Ste

bnitoring instruments in good working order and verify them by calibration and yégular checks.

bn used in practice. Repeat this process after significant repair or modification.

d, keep a traceable record of process efficiency or, as a minimum, place a temperatu

h the culture media produced to verify the heating process.

hmers, including boiling-water baths

6.2.4.1 Description

Steamers and boiling-water baths consist of a heating element’surrounded by water in a vessel ¥

fitting lid. I
watertoat
6242 U
The main u
— melting
— prepar
reducti

A safe and
covered at 4

An autoclay

6.243 M

each load

re sensor in

vith a close-

h a steamer, this creates steam at atmospherig¢ pressure. In a boiling-water bath, thjis heats the

bmperature at or close to the boiling point, with or without the production of steam.

ke
bes are as follows:
solid media;
ition of heat-labile culture media;
pn of contamination.of'small items of equipment between use.

ndequate levelof-water shall be present in the vessel to ensure that the heating e
1l times.

e with afree-steaming facility that is without pressure may also be used.

aintenance

ements are

Keep steam

ers and boiling-water baths clean.

If necessary, regular descaling should be performed at a frequency dependent on local water hardness.

6.2.5 Sterilizing oven

6.2.5.1 Description

A sterilizing oven is a chamber capable of maintaining a temperature of 160 °C to 180 °C for the destruction
of microorganisms by dry heat.
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se

Only robust equipment such as glass and metalware shall be sterilized in the sterilizing oven. Do not use it
for plastic and rubber items or for sterilizing unsuitable materials (see 6.2.2.2).

Clean all glassware and metal items before sterilization in the oven.

If volumetric glassware is sterilized in the sterilizing oven, verify the accuracy of marked volumes regularly.

The temperature shall be uniform throughout the chamber. The oven shall be equipped with a thermostat
and a thermometer or temperature-recording device of suitable resolution.

It should be equipped with a duration indicator, programmer or timer.

Once the op

After sterili

6.2.5.3 M

Tating temperature ;Sreached, the sterttizing procedure shatt tastforatteast ritatt

zation, allow glassware to cool in the oven before removal to prevent cracking,

aintenance

Clean intermal surfaces when required.

6.2.5.4 Calibration and verification

Check the s
repair or m

The oven s

fability and homogeneity of the temperature throughout theoven before initial use a
bdification which can have an effect on temperature control.

hall be fitted with a calibrated temperature-monitoring device or thermocouple

accuracy which is independent of the automatic temperatute-regulation system. The monitg

shall have a

For each lo
should be

a traceable
during each

6.2.6 Mic

6.2.6.1 D
A microway

The oven s
emission cy
fitted with

Heating for

6.262 U

resolution of 1 °C or better at the oven temperature used.

ad, as a minimum, a process indicator (e.g:steam chemical integrator or biologicg
ncluded at the centre of the load to_show that the target temperature was rea
record of process efficiency is not available. Monitor the temperature of the oven
use.

rowave oven

lescription
e oven is a device'thdt allows heating of items by microwave energy at atmospheric

hall be capable.of heating liquids and culture media in a controlled manner via a
cle. The distribution of microwaves shall be homogeneous to avoid zones of overhed
h turntable or a stirrer give better heat distribution.

longef periods at lower power ratings can give better heat distribution.

0°Cx10°C.

hd after any

of suitable
ring device

| indicator)
rhed where
and record

ressure.

microwave
ting. Ovens

se

It is advisable to use the equipment to heat liquids or melt agar media only.

Do not heat culture media containing heat-sensitive components in a microwave unless it has been verified
that this method of heating has no effect on medium performance.

Do not use metal equipment, including metal closures. Loosen bottle caps or stoppers before heating.

When melting solid media, the use of a low power setting (e.g. defrost cycle) and placing the bottle in a water
heat sink (e.g. 50 ml to 100 ml of water in a microwaveable beaker) are recommended to aid control of the

heating pro

cess.
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WARNING — Handle heated items with care. Contents can become super-heated and boil over or
bottles can explode.

A standing time of at least 5 min is recommended after the heating process before removal from the

microwave

oven.

6.2.6.3 Maintenance

Clean the oven immediately when any spillage occurs, as well as at regular intervals dependent on usage.

Inspect the oven door seals and check for any other damage which can lead to radiation leakage at regular
intervals according to the manufacturer’s instructions. Checks with a radiation meter by competent
personnel or servicing agent are recommended.

6.2.6.4 Vi

Suitable he
volumes of
overheating

6.2.7 Hot

6.2.71 D

Hotplates, i
which incoq

6.2.72 U

brification

hting times and power settings shall be established at initial commissioning’for t
liquids and culture media routinely heated, to ensure optimum performance
of sensitive products.

plate, induction cooker and heating mantle

lescription

hduction cookers and heating mantles are thermostatically controlled heating devi
porate magnetic stirring systems.

5¢

Hotplates, induction cookers and heating mantles eqiiipped with magnetic stirring systems 3

heating relg

Do not use
culture meq

6.2.7.3 M

tively large volumes of liquid such as during preparation of culture media.

hotplates, induction cookers and:-heating mantles without stirring systems for prg
lia.

aintenance

he different
and avoid

res, some of

re used for

paration of

Clean up anjy spillages as soon as-the unit has cooled.

6.2.8 Gag burner or wiré-incinerator

6.2.8.1 Description

Gas (Bunse
air mixed w

n) burners produce a narrow open flame from either mains or bottled gas. Varying the amount of
ith'the gas controls the degree of heat produced.

Wire incinerators (electronic) include a narrow ceramic chamber designed to contain any aerosols generated
when decontaminating at high temperatures.

6.2.8.2 Use

Gas burners and wire incinerators are mainly used for sterilizing metal loops and straight wires by bringing
them to red heat and for flame-sterilizing other small durable items of equipment.

Wire incinerators are preferred when handling pathogenic bacteria to prevent splatter and avoid risk of
cross-contamination.
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The use of gas burners should be avoided in protective cabinets for safety reasons and because they can
interfere unacceptably with the laminar airflow. Sterile disposable equipment is recommended as an

alternative.

Gas burners also produce much heat and air turbulence in the laboratory and aseptic techniques can be
achieved by using disposable equipment instead.

6.2.8.3 Maintenance

Clean and disinfect burners and covers on wire incinerators regularly, particularly if any microbial culture

has been sp

6.3.1 Ge

For all tem
initial use

6.3.2 Inc

6321 D

An incubatd
distributed
distributior

Refrigerate
been compl

6322 U

Incubators

can also be
pre-enrichr
if the time t

All incubat
to be kept
throughout

If the ambig
incubator fi

Protectinc

illed on the devices.

devices

eral

erature-controlled equipment, check the stability and homogeneity of thettemperd
d after any repair or modification which can have an effect on temperature control.

pnbator

lescription

r consists of an insulated chamber which enables the temperature to be kept stable a
to within the maximum permissible temperature tolérance specified in the test
may be by convection or fan-assisted forced air.

d incubators which cycle between incubation and refrigeration when the incubation
pted are also available.

I

hre primarily used to incubate ineculated culture media at a constant temperature. Hg
used for other purposes. These include melting laboratory samples (e.g. chocolate), 1
hent broths before inoculation (see 12.1) or tempering sterile molten culture media
ken for the culture media to reach the correct temperature has been evaluated as a

rs shall be equippedwith a regulation system that allows the temperature or other
even and stable ovep their entire working volume. If the correct temperature is n
mark the areas;which cannot be used for incubation.

nt temperattire is close to or higher than that required for incubation, it is necessa
ted with a cooling system.

batokSfrom direct sunlight to minimize heat gain.

ture before

uniformly
thod. Heat

period has

wever, they
rewarming
before use,
bpropriate.

parameters
ot achieved

'y to use an

If possible, incubators should not be completely filled in a single operation as this extends the time for the

contents to

reach temperature equilibrium in all types of incubator.

Avoid opening incubator doors frequently and leaving them open for long periods.

6.3.2.3 Maintenance

Clean the inner and outer walls of the incubator regularly. If applicable, remove dust from the ventilation system.

Ensure that the cleaning and disinfection techniques will not affect test results, particularly by leaving
inhibitory residues.
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6.3.2.4 Verification

Use a temperature-monitoring device of appropriate resolution. The instrument display may be used for

checks duri

ng use if it has been shown to be accurate.

Check the temperature stability and homogeneity of the temperature distribution at the working
temperature throughout the usable volume of the incubator with a number of temperature-monitoring
devices of known accuracy and uncertainty and appropriate temperature range. More monitoring devices
are required for large incubators and incubation rooms, depending on the chamber volumes.

Use the information from this temperature mapping/profiling to define the acceptable operating range of
the incubator and the optimum position of the monitoring device or recording thermocouple used to monitor
working temperatures.

For exampl
shows a rar
into accou

the upper li

When re-dq
account, alt

If the monitloring device is fixed elsewhere than at the centre of the temperdture range, adjust th

temperatur]
accordinglyl

Temperatuj
use. Itis als

In addition
method or ¢
considered
pre-warmiy

Check and
tolerance du

6.3.3 The

6331 D

A thermost
lid or other

Temperatuj
be achieved
individual 4

e, to achieve a target temperature of 37 °C = 1 °C when the profiling data/temperatu

ge of 36,8 °C to 37,2 °C across the incubator, take the observed temperature varidtig
to define the operating limits of the incubator. Amend the lower operating range to
it to 37,8 °C to ensure all areas of the incubator achieve the target temperature.

fining the operating range, the uncertainty of the monitoring device ‘should also bg
hough this is usually minimal.

e so that the device reads the target temperature and aménd the permitted oper

e mapping is necessary before initial use and at a defined frequency to show any
o necessary after each significant repair or modification.

temperature profiling of (larger) enrichment broths shall be checked before imp

with the incubation times stated in the spécific standard (see 12.2). Use a separate i
1g broths if necessary, so that the recovery time cannot affect any other test results.

record the incubator temperature;fo confirm it is stable and within the maximum

trmostatically controlled bath

lescription

htically controlled’bath, filled with a liquid (water, ethylene glycol, etc.), with or wit}
device to limitevaporation, is required to maintain a specified temperature.

e control is' often more precise than an air incubator, enabling a stability of +0,5 °C
. Theaworking temperatures and required maximum permissible tolerance are stipul
pplication or specific standard.

re mapping
n of 0,2 °C
36,2 °C and

b taken into

e incubator
ating range

leviation in

ementing a

hanging the test portion size, to ensure the time taken to reach target incubation tenpperature is

icubator for

permissible

ring the incubation period. Alternatively, dataloggers or electronic monitoring systems nay be used.

jout a fitted

or better to
hted in each

A COOlil’lg system 1S necessary to maintain a temperature near or below ambient temperature.

6332 U

se

The main uses are as follows:

mainte

temper

incubation of inoculated culture media at a constant temperature;

nance of sterile molten culture media during media preparation;

ing of sterile molten culture media for use in specific standards;

preparation of initial sample suspensions or solutions at a controlled temperature;
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— heattreatment of initial sample suspensions at a controlled temperature (e.g. pasteurization or for spore
counts).

Where precise temperature control is required, the bath shall be equipped with a circulating-water pump
and an automatic temperature-regulation system (including a cut-out when it is running dry). Any agitation
of the liquid shall not cause droplet dispersal.

Lidded baths are preferable for precise or high-temperature usage. Sloping lids that allow condensate to
drain should be used.

For incubation of inoculated culture media, maintain the liquid level so that the top of the test medium is at
least 2 cm below the liquid level in the bath throughout incubation.

Other containers should be placed within baths such that the level of their contents is below that of the liquid.

Maintain t

e depth of immersion to prevent entry of water through the closure.

Devices ma
or weight ri

Dry all cont

6333 M

e of non-corroding materials to maintain stability of the containers can be require
ngs).

ainers after removal from the bath and before further use.

aintenance

Baths shoulld be filled with liquid as recommended by the manufacturer, For incubation of cultur

or deionize

Check the
immersion

| water should be used and a suitable microbial growth inhibitor can be added.

evel of the liquid regularly to ensure the correct functioning of the bath and
bf items in the bath. The liquid level shall always céver the heating elements.

Baths should be emptied, cleaned, sanitized and refilled r&gularly and at a frequency depending

after a spill

6.3.34 Vi

Check the s
any repair (
(e.g. tempet
operatingr

Use a temp
automatic t

The digital

Monitor an
incubation.

Hge OCcurs.

brification

tability and homogeneity of the_temperature throughout the bath before initial ug
r modification having an effect-on temperature control. For usage where temperatu
ing agar for pour plates or-fiicubation of cultures), use the information to define the
hnge (see 6.3.2.4).

erature-monitoring.-device (see 6.3.7) of suitable resolution (see 6.3.2.4) indepen
bmperature-regulation system.

Hisplay can dlse’be used, provided that the accuracy (uncertainty) and resolution are

1 record.the temperature of the bath during each use and at least daily for periods

1 (e.g. racks

es, distilled

satisfactory

bn usage, or

e and after
re is critical
acceptable

dent of the

verified.

pf extended

6.3.4 He:

HAG acke

hl
T

h2 ey OTISS

6.3.4.1 Description

Heating blocks are solid metal or ceramic blocks with wells, which deliver consistent heat to small vessels,
such as microtubes or cuvettes, and their contents. The operating temperature can be precisely set across

the block.

6.3.4.2 Use

Heating blocks can be used to melt or boil contents, to control and optimize enzyme reactions, and to

incubate or

inactivate microorganisms. Monitor and record the temperature at each use.
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6.3.4.3 Maintenance

Clean the block and wells regularly and after any spillage.

6.3.4.4 Verification

Verify the temperature of the heating block across the working area in a selected number of wells and use
the information to modify the acceptable operating range if necessary (see 6.3.2.4).

6.3.5 Refrigerators and cold-storage rooms

6.3.5.1 Description

These are ¢
For general

For storage
unless othe

6.3.5.2 U

To avoid cr
separation

— uninoc
test sai
culture
culture

Load refrig
for cross-ca

6.3.53 M

hambers which allow maintenance of cold storage.
laboratory purposes, these maintain a temperature of 5 °C * 3 °C.

of samples from the food chain before testing, these should maintain a temperature
F'wise required in specific standards (see Clause 9).

se

bss-contamination, use different chambers, or at least diffetent containers, to achig
for storage of:

hlated culture media and reagents;
hples;

s of microorganisms;

s retained after incubation.

brators and cold-storage rooms so thatappropriate air circulation is maintained and t
ntamination is minimized.

aintenance and cleaning

Carry out the following maintenance‘operations at regular intervals to ensure proper operation

removdg

defrost

cleanin
cleanin

1 of dust from the‘metor blades or from the external heat-exchange plates;
ing, if not automatic;
and sanitization of the inside of the chambers;

and\sanitizing of door seals and checking their integrity.

f5°C+£3°C

ve physical

he potential

6.3.5.4 Verification

Check and record the temperature of each chamber to confirm it is stable and within the maximum
permissible tolerance, using a thermometer or a permanently installed probe.

Alternatively, maximum and minimum thermometers, dataloggers or electronic monitoring may be used.

The resolution and accuracy (uncertainty) required for the temperature-monitoring device are dependent
on the purpose for which the unit is used and the specified temperature tolerances (see 6.3.2.4 for guidance).
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ezer and deep freezer/ultra-low temperature freezer

6.3.6.1 Description

A freezer is a chamber which maintains frozen storage at a temperature, unless otherwise specified, below
-15 °C and preferably below -18 °C for samples of frozen food.

A deep freezer/ultra-low temperature freezer is a chamber which maintains deep-frozen storage at a

temperatur

e, unless otherwise specified, below =70 °C.

6.3.6.2 Use

Use different chambers, or at least different containers, to ensure physical separation for storage of:

uninoc

frozen

— stock apd reference cultures of microorganisms.

Load freezgrs so that the required temperature is maintained, in particular\if non-frozen p
introduced.

6.3.6.3 Maintenance

See 6.3.5.3.

6.3.6.4 Verification

Check the [temperature of each chamber regularlyswith a suitable temperature-monito
(see 6.3.5.4).

6.3.7 Temperature-monitoring devices, including automatic recorders

6.3.7.1 Description

Temperatufe-monitoring devices are(uséd to monitor temperatures across the range of laboratof
These deviges include alcohol-in-glass thermometers, thermocouples, platinum resistance thg
and thermdl data logging systems. Mercury-in-glass thermometers are no longer available fi

and their u
and, if ther
temperatur

WARNING

Devices of

1lated reagents;

food samples for testing;

be is discouraged.due to health and safety concerns. Mercury-in-glass thermometer
b is a risk of breakage, they should be placed inside protective cases that do not inf
e measureménts. Do not use thermometers if the mercury or alcohol column is brokg

— Mercury is hazardous to health. Remove any spillages.

specificatio

hdequate accuracy and uncertainty that conform to an appropriate international

roducts are

'ing device

y activities.
brmometers
r purchase
5 are fragile
erfere with
n.

or national

n“may also be used as working temperature-monitoring devices after verificati

on of their

performance.

6372 U

se

Temperature-monitoring devices shall be of suitable resolution to measure the temperature within the

specified m

aximum permissible tolerance, depending on the criticality of the application.

The uncertainty of the temperature-monitoring device, including among other factors the resolution and
uncertainty of calibration, should be at least four times smaller than the range of the required maximum
permissible tolerance. For example, for a tolerance of +1 °C, this should not exceed 0,5 °C; for a tolerance

of £0,5°C, t

his should not exceed 0,25 °C.
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Secure temperature-monitoring devices in air incubators (e.g. by placing them in suitable containers filled
with glycerol, liquid paraffin or polypropylene glycol to buffer against heat loss when the door is opened
and provide a stable reading). Use total immersion thermometers with only the bulb immersed or use
equivalent means to ensure stability. For electronic probe thermometers, immerse the probe according to
the manufacturer’s instructions.

Immerse temperature-monitoring devices placed in water baths in the water in accordance with individual
specifications (e.g. if a partial immersion thermometer is used), immerse it to the depth specified for that
thermometer, usually 76 mm or 100 mm.

6.3.7.3 Maintenance

Maintain temperature-monitoring devices in a clean and sound condition in accordance with the
manufactufer’s instructions.

6.3.7.4 Calibration and verification

Before init]al use, fully calibrate reference temperature-monitoring devices against tracealle national

or internat
a frequency
intermediat
reference p

Verify work
standards |

device in the working temperature range.

NOTE C

6.3.8 Balfances and gravimetric diluters

6381 D

Electronic balances of appropriate range anhd‘resolution are mainly used for weighing the tes

samples to
for checkin

Gravimetri
and are use
portion at a

6382 U

The test po
of diluent a

lescription

onal standards across the range for which they are required. Recalibrate regul
y defined by the laboratory and in accordance with manufacturer’s instructions
e single point (e.g. ice point or working temperature) checks to verity performance. U
irposes only and not for routine monitoring.

ing temperature-monitoring devices in a way that allows ttaceability to national or i
efore initial use and at regular intervals. Check these at'the ice point and/or against]

hlibrations are fully metrologically traceable by definition, whereas verifications are not.

be examined and the components of culture media and reagents. In addition, they n
b dilution fluid volumes by mass.

diluters are electronictinmstruments consisting of a balance and programmable liqui
d during the prepagration of initial sample suspensions. They function by adding dilu
set ratio.

5e and tolerance

tion isweighed on the balance to the tolerance specified in the application and a kn
ded.

arly and at
. Carry out
se these for

ternational
a reference

L portion of
hay be used

d dispenser
ent to a test

wn volume

For gravim

ptric diluters the diluter is set to dicppncp sufficient diluent for the ratio rpr}nirpd (p

decimal dilutions) with a tolerance of +2 %.

g.9to 1 for

For both instruments, the tolerance on mass weights is +5 % and the tolerance on volume weights is 2 % as
this is a critical application having a direct effect on test results.

A food microbiology laboratory shall be equipped with balances of the required range and resolution for the
different items to be weighed.

Unless otherwise stated, the resolution of the balance or gravimetric diluter shall be good enough to read at
least 1 % of the mass. For example, to weigh 10 g, the balance shall be capable of being read to 0,1 g; to weigh
1 g, the balance shall be capable of being read to 0,01 g.
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Place the equipment on a stable horizontal surface, adjusted as necessary to ensure that it is level, and
protected from vibration and draughts.

6.3.8.3 Maintenance

Clean and sanitize the equipment after use or following spillage during weighing with an appropriate and
non-corrosive disinfectant (see Annex A).

6.3.8.4 Calibration and verification

Calibration shall be checked across the entire range by a qualified person at a frequency dependent on use,
using standard weights traceable to national or international standards. This should include checks for

linearity, re

producibility and repeatability.

Follow the
gravimetrig

Regularly v
the gravimg

NOTE

manufacturer’s instructions and the technical specification for calibration and|ve
diluters.

erify the performance of the balance system with check weights and the yolume disp
tric dilutor during use and after cleaning to ensure the range of use is Covéred.

I1-house check weights can be verified immediately after calibration of the-balance.

6.4 Defined volume inoculation equipment

6.4.1 Piplettes and pipettors

64.1.1 D

Pipettes ar

lescription

e glass or disposable plastic devices used to deliver volumes of liquid or viscou

Graduated pipettes deliver measured volumes with an\accuracy which is dependent on the speci

Automatic
volumes of

64.1.2 U
Discard pip

Fit sterile P
ensure the
and sample

Bulbs used
leakage and

Further det

[mechanical) pipettors fitted with plastic tips are devices that dispense fixed of
iquids, by manually or electrically.@perated piston action.

Se
pttes that are damaged or;broken.

hsteur or graduated-pipettes and pipettor tips with a non-absorbent cotton wool plug
bipette bulb or pipettor barrel is not contaminated when used to manipulate microh
dilutions. Chafigefilters used to prevent contamination of all types of pipettes regul

pn Pasteur 'or graduated pipettes and the tips for pipettors shall be of the correct siz
ensureefficient operation.

QilS'en disposable Pasteur pipettes can be found in ISO 7712.

rification of

ensed from

5 materials.

ffication.

adjustable

or filter and
ial cultures
arly.

P to prevent

6.4.1.3 Maintenance

Decontaminate and clean/sterilize non-disposable pipettes and automatic pipettors as appropriate after

each use.

If the barrels or pistons of automatic pipettors become contaminated in use, disassemble them for
decontamination and cleaning. After re-assembly, recalibrate them. If this is not possible in the laboratory,
return to the manufacturer or to a calibration laboratory for re-assembly and recalibration.
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6.4.1.4 Calibration and verification

Check new batches of graduated pipettes to confirm delivery of correct volumes if the manufacturer does
not certify their accuracy (trueness and precision).

The calibration of pipettes/pipettors is described in ISO 835 and ISO 8655 (all parts).

Calibrate new pipettors on receipt and at regular intervals, depending on the frequency and nature of use
(see ISO 8655-1).

Perform intermediate gravimetric checks using distilled or deionized water to ensure that volumes
dispensed with pipettes/pipettors remain within the defined limits of +2 % for critical applications, such
as preparation of dilutions, and +5 % for other applications which do not have a direct effect on test results.

6.4.2 Dispensers
6.4.2.1 Dispenser for culture media and reagents

6.4.2.1.1 [Description

A dispenser is an instrument or device used to distribute culture media and_-reagents into tupes, bottles
or Petri dishes. Such devices range from simple measuring cylinders, pipettes or manual syringes, through
automatic gyringes and peristaltic pumps to programmable electronically controlled devices wijith variable
automated flelivery.

6.4.2.1.2 [Use

Equipment [used for dispensing finished culture media and\reagents shall be clean and free of inhibitory
substances{Use separate tubing for selective culture media to minimize leaching/carryover.

[f aseptic distribution of sterile culture media and reagents is required, all parts of the dispensing equipment
in contact with the product shall be sterile.

6.4.2.1.3 [Cleaning and maintenance

Clean the outer surface of the dispenserregularly and if a spillage occurs. Wash and rinse th¢roughly all
parts of th¢ dispenser that come into/contact with the contents and sterilize them if requiredl for use to
dispense stprile liquid. Do not use disinfectants on surfaces that come into contact with the coptents to be
dispensed gs they can impart inhibitory properties.

All automated dispensers-shall be kept in good condition by regular servicing in accordange with the
manufacturer’s instructions.

6.4.2.1.4 |Verifieation

The volum¢q delivered by a dispenser for liquid or molten culture media shall achieve an accuracly of +5 % of
the designaktedvolume:

The accuracy required for dispensing measured volumes of dilution fluid and other critical applications
shall be 2 % of the designated volume.

Check volumes dispensed before initial use, then regularly in accordance with a documented schedule, and
always after any adjustments affecting the volume dispensed. Details can be found in ISO 8655 (all parts).
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6.4.3 Spiral platers

6.4.3.1 Description

A spiral plater is a dispenser that distributes a predetermined volume of liquid over the surface of a rotating
agar plate. The dispensing arm moves from the centre of the plate towards the outside edge in an Archimedes
spiral (exponential or logarithmic mode). The volume per segment is decreased as the dispensing stylus
moves from the centre to the edge of the plate, so that an inverse relationship exists between the volume
deposited and the radius of the spiral. The volume of sample dispensed on any segment is known and is
constant. For the loading and dispensing of liquids, a vacuum source and a motorized plunger (if the
instrument uses a disposable microsyringe), or an equivalent system, is required.

NOTE Some systems can also be used to prepare dilutions automatically and others are capable of both dilution
and differenf plating modes, but these are not discussed in this document.

6.4.3.2 Uke

The equipment is used to dispense a liquid sample, sample suspension or dilution ‘onto an pppropriate
agar plate tfo determine a colony count. After incubation, colonies develop along the'lines wherje the liquid
was deposifed. The number of colonies in a known area is counted using a counting grid supplied with the
equipment $o the total number in the inoculum can be calculated.

Sanitize the

or another s
NOTE S

Sanitizatior
chlorine or
the above r
systems rin

Use equipm
according t

The surface
Use plates f}

Blockages ¢
using a por

6433 M
Remove any

Service the

dispensing system and then rinse with sterile distilled or deionized water, 0,9 % s
olution specified by the manufacturer before and after us€, and between each sampl

hnitizing is not necessary for equipment using sterile, dispasable micro-syringes.

may be achieved by flushing (e.g. with a solution.dontaining 0,5 % to 2 % mass fract

70 % ethanol). Other solutions may be used where specified by the manufacturer
bagents should be verified by the user according to the context and microorganism t
se with sterile 0,9 % saline and prepare serial dilutions before plating.

ent that operates according to a different principle (e.g. disposable micro-syringes w
b the manufacturer’s instructions,

of agar plates to be used with the spiral plater shall be level and free of air bubbles.

ree from excess surface moisture to ensure formation of discrete colonies.

ion of the supernatant liquid. Blender bags with in-built filters may also be used.

aintenance
r spillages immediately and clean the equipment on a regular basis.

eqdipment and verify performance regularly according to usage. In the event of p

rerile saline
€.

on of active
Efficacy of
bsted. Some

ith plunger)

an be prevented by @llowing any particles to settle before loading the sample suspension and

oblems, the

manufactu

eroan perform additional verification checks.

6.4.3.4 Verification

Centre an agar plate on the turntable.

Verify the dispensing pattern with washable ink or a dye solution at a frequency according to the
manufacturer’s instructions. Ensure the spiral pattern is complete with no breaks and is most dense near
the centre of the plate where deposition begins, becoming steadily less dense to the point of stylus lift-off.
Centre the clear portion of the plate which should be approximately 2,0 cm in diameter. Verify the position of
the stylus according to the manufacturer’s instructions.

If the pattern is not correct, follow the manufacturer’s instructions.
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Verify the sterility of the spiral plater by plating sterile water or diluent before examination of each series of

samples and at the end of the day. Also check for the absence of antimicrobial residues following sanitization.
NOTE Checks before each series of samples are not necessary for spiral platers which use sterile syringes.

Perform a gravimetric check of the volume dispensed regularly, using distilled or deionized water, by
dispensing the volume 10 times and checking the total weight. The mass of the volume dispensed for this
critical application shall be within +2 % of that expected.

The volumes deposited on various segments of the grid are given in the operator’s manual accompanying

the spiral plater. For precise calibration, the grid area volumes shall be checked by the manufacturer.

6.4.4 Serial diluters

6441 D

There are
in accord
suspension

etc.) appropriate for the specific diluter. Some steps may be manual and othérs automated.

system can
different di

The diluent
mixed. The

6442 U

Take appro
comply wit

Monitor the

6443 M

Decontamimnate or clean/sterilize tlieyequipment and moving parts using an appropriate

disinfectan

6.4.4.4 Calibration and verification

Ensure new
instruction

To check v

volumes remaih within the defined limits of +2 % for critical applications, such as preparation

and +5 % fi

)

}:Jmes dispensed, perform intermediate gravimetric checks using appropriate diluet

Lscription

any types of serial diluters which can be used to prepare serial dilutions (e:g. decim
ce with ISO 6887-1 by dispensing and mixing liquids (culture media,“samples
5, etc.). Dilutions are performed in different consumable containers (tubes, bags, cu

be part of another piece of equipment having other functions, such as those used
utions for plate counts.

is dispensed into the container of liquid (e.g. sample orinitial suspension) to be

se

briate precautions during use of the serial diluter to minimize the risk of contaming
1 the manufacturer’s instructions.

volumes distributed at a documented-frequency to check accuracy.

aintenance

F according to the manufacturer’s instructions after each use and at least every day.

5 and according to the frequency and nature of use.

bl dilutions)
br bacterial
ps, beakers,
'he dilution
o inoculate

diluted and

resulting dilution is then transferred (automatically of/hot) into further diluent t¢ perform a
series of sequential dilutions. For aspiration and dispensing, any type of pipette or syringe may |

be used.

htion and to

g$anitizer or

serial diluters.are calibrated on receipt and atregular intervals, depending on the majufacturer’s

1t to ensure
bf dilutions,

r'other applications which do not have a direct effect on test results.

Check the efficiency of homogenization, initially and at defined frequencies, by carrying out comparative
tests with another approved homogenization system, such as a manual vortex.

6.5 Protective cabinets

6.5.1 Description

A protective cabinet is a workstation with horizontal or vertical laminar airflow to remove dust and other
particles, such as microbes, from the air. It should be designed to prevent or limit contact between the
operator and infectious material and/or to protect material in the cabinet.
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The maximum tolerable number of particles per cubic metre with a size greater than or equal to 0,5 um
represents the dust-spreading class of a safety cabinet. For cabinets used in food microbiology laboratories,

the number of particles shall not exceed 4 000 per cubic metre.

NOTE T

Cabinets co

his maximum number corresponds to ISO Class 5 in ISO 14644-1:2015, Table 1.

mmonly used in food microbiology laboratories are of various types, as follows:

Class I biosafety cabinets are open-fronted exhaust-protective cabinets that are intended to protect the

operator and the environment but do not protect the work from extraneous contamination. Potentially
infected aerosols are contained within the cabinet and trapped when impacting on the filter. The filtered
air is normally discharged to the atmosphere. If this is not done, the air shall pass through two high-
efficiency particulate air (HEPA) filters mounted in series.

Class Il biosafety cabinets protect the work, the operator and the environment. They recir

rulate some

filtered air, exhaust some to the atmosphere and take in replacement air through the working aperture,
thereby providing operator protection. They are suitable for work with risk group 2 ahd’'3 p

Horizontal laminar outflow cabinets protect the work from contamination,-but blow a

hthogens.

ny aerosols

generafedintotheoperator’sface. Therefore, theyarenotsuitableforhandling cultures of micrgorganisms,

inocul
diluent

Vertica
They a

ed samples or preparation of tissue cultures. They may be used(for adding test
5 or suspensions to culture media, and for pouring agar plates.

laminar airflow cabinets protect the work by use of verticdl [aminar flow of HEPA
so protect the operator by using internally recirculated @ir: They are particularly

providing an aseptic environment for handling sterile products{and for protecting the ops

handlin
PCR wq

g powders.

rkstations are used to protect the work from free-tiicleic acids. An ultraviolet (UV) Ij

for rapid decontamination of the workspace between activities.

Chemic
certain|

Use Class 1
powders.

Use of a gag
necessary,
equipment

6.5.2 Use

Use protect
the laborat

Cabinets sh|

al fume hoods can also be needed outsidethe testing laboratory for safety reason
noxious or flammable chemicals.

burner or wire incineratorsis not recommended in protective cabinets for safety red
he gas burner should have a small flame so that the airflow is not disturbed. Use o
[loops, pipettes, etc.) is a-suitable alternative.

ive cabinets‘that are appropriate for the intended application and environmental c
ry.

puld be-kept as free of equipment as possible.

portions to

filtered air.
suitable for
rator when

ght is fitted

s to handle

protective cabinets for all work.ibhvolving handling of certain pathogens and contaminated

sons. If it is
F disposable

bnditions in

Where prad

ticable, place everything needed inside the cabinet before starting work to minimize

the number

of arm movements into and out of the cabinet. Position all equipment and materials so that disturbance to
the airflow over the working area is minimized.

Operators should be adequately trained in the correct use of cabinets to ensure their safety and the integrity
of the work.

6.5.3 Cleaning and disinfection

Clean and disinfect the working area after use with appropriate and non-corrosive disinfectant (see Annex A)
in accordance with the manufacturer’s instructions. Regularly examine wire grids protecting prefilters, if
they exist, and wipe clean with a disinfectant-soaked cloth.
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For laminar flow cabinets, the filter face should be wiped clean with a disinfectant-soaked cloth regularly,

taking care

not to damage the filter medium.

Safety cabinets should be fumigated before changing the filter or servicing. It is also advisable after spillages

of cultures

or inoculated samples.

After cleaning the cabinets, UV lamps may be used for disinfection. These should be cleaned regularly to
remove any dust and dirt that can block the germicidal effectiveness of the light. UV light intensity should
be checked when the cabinet is recertified to ensure that light emission is according to the manufacturer’s

instruction

6.5.4 Ma

s and the lamps replaced if necessary.[47]
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6.6 Hom

6.6.1 Homogenizers and blenders

6.6.1.1 D

This equipn

The followi

a rotar

inclusiy

anothe

6.6.1.2 U

The usual olperating time of a peristaltic homogenizer is 1 min to 3 min (see the ISO 6887 series|
applicationsy:

aperist

a vibrat

Ty of a protective cabinet shratt bechecked by aquatified service agent o receiptan
htervals as recommended by the manufacturer, as well as after any repair or modif
hould be checked after relocation.

Fification of freedom from any microbial contamination should be carried.out by a
rface and walls of the cabinet.

lic checks on the number of airborne microorganisms present gsheuld be carried

f the filters using appropriate methods. For example, expose severalopen Petri dishes
ive agar culture medium (e.g. plate count agar) in each cabinet for'30 min and monito
Other methods may be used.

pgenizers, blenders, mixers and shakers

lescription
hent is used to prepare a homogeneous initial suspension from the test portion.

g apparatus may be used:

y homogenizer (blender), the notional speed of which is between 8 000 r/min and 4
e, with sterilizable bowls equipped with covers;

ional mixer witlCsterile bags (e.g. Pulsifier®2));

- homogenizing system with equivalent efficiency.

s5e

1 thereafter
ication. The

theck of the

out during
containing
" the results

alticblender with sterile bagsyoften with a device for adjusting speed and time (e.g. Stomacher®%1);

b 000 r/min

for specific

Do not use this type of apparatus for certain food, such as:

— produc

ts which risk puncturing the bag (presence of sharp, hard or dry particles);

— products which are difficult to homogenize because of their texture (e.g. salami-type sausage).

1) Stomacher® is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.

2) Pulsifier® is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.
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Operate the rotary homogenizer for a duration such that the total number of revolutions is between 15 000 r/
min and 20 000 r/min inclusive. Even with the slowest homogenizer, this time shall not exceed 2,5 min to
minimize heat gain.

The vibrational mixer may be used for most foodstuffs, including hard or dry products. The usual operating
time is 0,5 min to 1 min. If microorganisms are likely to be encountered deep inside cohesive structures, the
sample should be cut into small pieces before processing.

Manual mixing or shaking with glass beads of approximately 6 mm diameter can be used for preparation
of the initial suspensions of certain viscous or thick products, in particular certain dairy products (see the
ISO 6887 series and specific standards).

6.6.1.3 Maintenance

Clean and disinfect peristaltic homogenizers and vibrational mixers regularly and after any-bag spillage or
leakage.

For rotary lomogenizers, clean and sterilize the glass or metal bowl after each use.
NOTE mogenizers and blenders can be operated on trays to contain any leakage or spills.

Inspect and maintain equipment in accordance with the manufacturer’s instruetions.
6.6.2 Voiftex mixers

6.6.2.1 Description

This instrument facilitates the homogeneous mixing of liguid culture media (e.g. decimal dilutions and
samples of liquid for testing) or suspensions of bacterial cells'in a liquid.

Mixing is aghieved by an eccentric rotational movement-of the contents of the tube or container|(producing
avortex).

6.6.2.2 Uke

Press the base of the closed tube or container containing the liquid to be mixed against the mix¢r head. The
speed of mifxing is controlled by varying:the speed of the motor or the angle of contact with the mixer head.

Ensure thaf spillage does not oceur:during mixing by adjusting the speed as necessary and corjtrolling the
tube by holdling it approximately;ene-third of its length below the top and so avoid the liquid risjng too high
in the tube.

Appropriat¢ precautions~should be taken to minimize the release of aerosols when opening vortexed
containers.

6.6.2.3 Maintenance

Keep equipment—ctean—ifspiltageoccurs,decontamimate-theequipmentusingan—appropriate laboratory
disinfectant (see Annex A).

6.6.2.4 Verification

Adequate mixing is evidenced by the appearance of a vortex throughout the depth of the liquid during the
mixing operation.
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6.7 Stills, deionizers and reverse-osmosis units

6.7.1 Description

These devices are used to produce purified water (i.e. distilled, deionized, demineralized or produced by
reverse osmosis) of the required quality (see 6.7.4) for preparation of microbiological culture media or

reagents an

d for other laboratory applications.

Purified water should be free from substances likely to inhibit or influence the growth of the microorganisms
under test conditions, e.g. traces of chlorine, ammonia and metal ions (see ISO 11133).

6.7.2 Use

Install, commission and use equipment in accordance with the manufacturer’s instructions, with

to the locat
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6.8 Separation and concentration equipment

6.8.1

6.8.1.1 D

This equipr
paramagne

Manual sep
a removably

Automated

Immunomagnetic separator (IMS)

lescription

on of laboratory water, waste and electrical services.

ntenance

] be cleaned and descaled with acid (e.g. citric acid at a mass fraction of 5 % to
lependent on the input water hardness, then rinsed thoroughly with/freshly distill
dual acid. Deionizers and reverse-osmosis units should be maintained in accordan
er’s instructions.

ification

hater regularly and particularly when used after storage for satisfactory conductivit
than 25 uS cm™! (equivalent to a resistivity > 0,04 MQ.cm) and should be below 3
eparation of culture media and reagents (see 1S©11133).

stored before use or produced through“an ion exchanger, suitable checks fo
ion should be conducted in accordance with ISO 11133.

Lic beads coated\with an appropriate antibody.

e magneticbar.

separators use comb-like arrays of magnetic rods and tube racks. The magnetic p

due regard

10 %) at a
ed water to
ce with the

y; this shall
uS cm1 at

I microbial

hent is used to separate and concentrate target microorganisms in liquid cultures by means of

hrators consist of a rotary mixer capable of 12 r/min to 20 r/min and a particle concentrator with

articles are

moved fron

h tube to tube and permit the entire separation procedure, including washing st

ages, to be

performed automatically in an enclosed environment.

6.8.1.2 Use

Follow the manufacturer’s instructions for use and those given in specific standards (e.g. ISO 16654 for

Escherichia

coli 0157).

6.8.1.3 Maintenance

Inspect and maintain equipment in accordance with the manufacturer’s instructions.
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6.8.1.4 Verification
For manual systems, check the speed of rotation of the mixer.

For manual and automated systems, verify that the system is able to isolate low levels of the target
microorganism before putting into routine use.

It is important to be aware of the potential for cross-contamination during manual separation procedures
and to take appropriate steps to avoid this happening. Use of screw-capped containers can reduce the risk

from aerosols and sample cross-contamination associated with using flip-cap containers.

6.8.2 Centrifuge

6.8.21 D

Centrifuges
suspended

6822 U

In some ap

1
produce a dELposit, which can be resuspended in liquid and subjected to further examination. Alw

the centrify

Take necess
the equipm

6823 M

Clean and d
contaminat

Centrifuges

6.8.2.4 Calibration and verification

Where the
should be d
significant

lescription

are mechanical or electronically operated devices that use centrifugal force
particles, including microorganisms, from fluids.

5¢

ications, concentration of target microorganisms is achieved by.cehtrifuging liquid

ge by placing samples on opposite sides.

ary precautions to prevent aerosol generation and cros$<contamination, by correct
bnt and the use of sealed and sterile centrifuge tubes ot pots.

aintenance

isinfect centrifuges regularly and after anyZpillage involving microbial cultures or
ed samples.

should be serviced regularly.

speed of centrifuging is critical to or specified in the application, the speed indicator
hecked regularly against/a calibrated and independent tachometer. Also perform ¢
‘epairs or modifications.

6.8.3 Fil

Filtration systems as-described in ISO 8199 can be used to concentrate target microorganisms i
other liquids, such as\beverages, which are filterable.

6.9 Modlified atmosphere equipment

ation systems

[0 separate

samples to
ays balance

peration of

potentially

or settings
hecks after

h water and

6.9.1 Description

This can be a jar, bag or box that can be hermetically sealed or any other appropriate equipment which
enables modified atmosphere conditions (e.g. anaerobiosis) to be maintained for the total incubation time of
the inoculated culture media. Other systems of equivalent performance, such as anaerobic cabinets, are also
suitable for incubating larger quantities of inoculated culture media.

6.9.2 Use

The composition of the atmosphere required can be achieved by addition of a gas mixture (e.g. from a gas
cylinder) after evacuation of air from the jar, by displacement of the atmosphere in a cabinet or by any other
appropriate means (such as commercially available gas packs).
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In general, anaerobic incubation requires an atmosphere of less than 1 % volume fraction oxygen, 9 %
to 13 % volume fraction carbon dioxide. Microaerobic (capnaerobic) incubation requires an atmosphere

of 5 % to 7 % volume fraction oxygen and approximately 10 % volume fraction carbon dioxide.

Conditions can need modification depending on the requirements of specific microorganisms.

6.9.3 Maintenance

Follow the manufacturer’s instructions for installation and maintenance.

If a catalyst is fitted, regularly regenerate it in accordance with the manufacturer’s instructions. If valves
and seals are fitted, clean and lubricate them to ensure proper functioning and replace when necessary.

Regularly c

6.9.4 Ver

Place a biol

T orrreroorrrrer TTT cIrerirorrrerrorc T e It e et oo

ification

pgical or chemical indicator for monitoring the nature of the atmosphere ineach char

nber during

each use. Gfowth of the positive process control strain or a change in colour of the chemical inldicator (for
anaerobiosis only) verifies that appropriate incubation conditions have been achieved.

6.10 Other equipment

6.10.1 pHmeter

6.10.1.1 Description

A pH meter|is used to measure the potential difference, at a‘determined temperature, between 3 measuring
electrode aphd a reference one, both electrodes being immmersed in the product. It shall be capaple of being
read to the hearest 0,01 pH unit, enabling measurementsto be made with a tolerance of +0,1 pH @init. The pH

meter shall

NOTE T
electrode sy

6.10.1.2 U

A pH meter
during preg

It may also
standards s

Adjust the
temperatur

be equipped with either manual or automatic temperature compensation.

he measuring electrode and the refevence electrode are usually grouped together in
Stem.

se

is used to measure the pH value of culture media and reagents to check if adjustme}
aration and as a quality check after sterilization.

be used to measure the pH value of samples and sample suspensions as detailed 1
pecific to the/jproduct to be tested (e.g. ISO 5546 for pH of casein).

H meteraccording to the manufacturer’s instructions to measure the pH value at a st
e (e,g025 °C). Read the pH value once it has stabilized and record the value to two dec

NOTE T

a combined

ht is needed

n reference

andardized
imal places.

hereading can be considered stable when the pH value measured over a period of 5 s variesg

by not more

than 0,02 pH units. Using electrodes in good condition and fresh buffers, equilibrium is normally achieved within 30 s.

6.10.1.3 Maintenance

Check and maintain the electrodes in accordance with the manufacturer’s instructions. It is necessary, in
particular, to monitor regularly:

— the con

dition of the electrodes with respect to ageing and soiling;

— the response time and stability:.

Rinse the electrodes with distilled or deionized water after each use. To reduce soiling and ageing of the
electrodes, regularly clean them thoroughly in accordance with the manufacturer’s instructions.
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Store the electrodes in accordance with the manufacturer’s instructions.

6.10.1.4 Calibration and verification

Calibrate the pH meter in accordance with the manufacturer’s instructions, using at least two, and preferably
three, standard buffer solutions at least daily before use. Define the maximum permissible tolerances for
these readings, which shall be more stringent than the tolerance permitted in general use.

The standard buffer solutions should be traceable to national standards and shall have pH values specified
to two decimal places at the measurement temperature (in general, pH 7,00 and pH 4,00 and/or pH 9,00
at 25 °C) in accordance with the manufacturer’s instructions. The pH range of the standards used shall

encompass

the pH value to be measured.
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pny-counting device

lescription

bny-counting devices use a pressure-actuated countingi.device and usually give
f each count and a digital readout of the overall count, They may be simple pen-lik
of an illuminated stage with a calibrated grid for the plate and a magnifying screen t

e systems including use of a camera and a-nmionitor.

5¢

manufacturer’s instructions. Adjust the sensitivity of an automated counter to eng
hies are counted. Automated electronic colony counters also require separate pr
vith different types of agarsand matrices, and for surface counts and pour plate coun
scrimination of target colonies.

aintenance

ment clean and fréee of dust. Avoid scratching any surfaces that are an essential ele
ocess. Schedul€ regular maintenance of electronic counters, incorporating image 4
 the mapufacturer, at a suitable frequency.

prification

er’s instructions. This adjustment shall be followed by further calibration/and checks

dard buffer
he pH meter.

e with the

D.

an audible
b devices or
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electronic colony counters, incorporating image analysers, operate by a combination ¢f hardware

ure that all
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ment of the
nalysers as

manufacturer, which includes a known number of countable particles.
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Parallel manual checks should be made on a regular basis to ensure that accurate counts are obtained
when using automated colony counters. Differences should ideally be 2 % to 5 % but up to 10 % has been

considered

acceptable.[26]

6.10.3 Timers and timing devices

6.10.3.1 D

escription

Timers and integral timing devices are instruments that enable correct time periods to be used for many
laboratory applications where the duration is specified and critical.
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se

Analogue and digital hand-held or bench timers used to monitor the duration of laboratory operations
(e.g. application of stains to microbial films, homogenization of samples) shall be in good operating condition
and capable of achieving the accuracy required.

Operate integral timers on laboratory equipment (e.g. autoclaves, centrifuges, homogenizers) in accordance
with the manufacturer’s instructions. These timers shall be capable of achieving the accuracy required
depending on the criticality of the application.

6.10.3.3 Maintenance

Regularly clean and check timers for correct functioning.
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ers used in laboratory operations where the duration is critical to the result against
nal time signal regularly, depending on use, and after significant repairs.

ical microscope

lescription

bveral different types of microscope: monocular, bineetlar, with a visual display unit,
e equipment, etc., and with an internal or external light source. For bacteriological ex
yith magnifications from x 10 (dry lens) to aboutx 100 (oil immersion with spring-lo4
obtain an overall magnification of x 100 to x 18000. Phase contrast and dark field mic
ble for the examination of so-called “wet preparations”.

se

pctive lens to the eyepiecesoithat spherical and chromatic aberrations do not occur.

aintenance

manufacturer’s instructions concerning storage, cleaning and servicing. Prevent cq
rhere humidit§xis high as this can lead to deterioration of lens quality.

after use;rémove oil from the immersion lenses and related parts using lens tissue. U
ed by<the’manufacturer. Regularly remove grease caused by contact with the ope]
Epiece’lens.
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ss washers, glassware and other laboratory ware

6.10.5.1 Glass washer

6.10.5.1.1

Description

Laboratory glass washers are electronically controlled machines for washing general laboratory glassware.
These can be programmed for different washing cycles and rinses (e.g. distilled or deionized water or acid).

Devices for washing glass pipettes are special glass washers designed to clean the narrow bores of pipettes.
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Use

Many types of glass washer are available. In general, install and use glass washers according to the
manufacturer’s instructions.

6.10.5.1.3

Maintenance

Follow the manufacturer’s instructions concerning cleaning and servicing.

6.10.5.1.4

Verification

Check the effectiveness of cleaning by visual inspection and, in critical applications, carry out tests to ensure

that glassw

are is free from inhibitory substances (see 6.10.5.2.4).

6.10.5.2 Glassware and other laboratory ware

6.10.5.2.1 [Description

Various iteins of glassware and other laboratory ware are used in microbiologydaboratories. These shall be

of suitable
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esign and prepared in such a manner to guarantee cleanliness and/or sterility until

[Use

sware and other laboratory ware correctly for their intended purpose.

Maintenance

e closures should be placed loosely on all tubes-aind bottles, whether filled or empty, t
bam so sterilization can be achieved.

r, place fragile glassware to be sterilized (e.g. pipettes) in special containers, such as
In appropriate material (special papet,.aluminium foil, etc.).

n glassware and other laboratotyware from dust during storage, in conditions whi
and/or sterility.

Verification

ory grade water foF1insing reusable glassware after washing (see 6.7.4). Check for
1es using a univérsal pH indicator solution. A pH within the range 6,5 to 7,5 should b

izing equipmeént intended for microbiology, put a suitable expiry date on each packag
ory prepared equipment in clean conditions.

osable equipment and consumables

use.

o allow free

metal cans,

rh maintain

alkaline or
b achieved.

ve and store

Disposable equipment and consumables may be used instead ol re-usable equipment (glassware, Petri
dishes, pipettes, bottles, tubes, loops, spreaders, etc.) if the specifications are similar.

Verify that such equipment is suitable for use in microbiology. In particular, check manufacturers’ certificates
of sterility and check for freedom from substances that inhibit the growth of microorganisms if certificates
are not provided.

Store disposable equipment in accordance with the manufacturer’s instructions and ensure packaging

remains int

act, with no deterioration.
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6.10.7 Other equipment and software

Other equipment and its associated software shall be capable of achieving the accuracy required and shall
comply with specifications relevant to the tests concerned.

Before routine use, calibrate (if possible) and check the equipment to ensure it meets laboratory requirements
and complies with the relevant standard specifications. Establish a schedule of calibrations and/or checks
for key quantities or values where these properties have a significant effect on the test result.

Any reconfigurations or modifications made by the laboratory to the software shall be verified to ensure
that the modified software gives the correct result.

7 Sterilization/decontamination and disposal of laboratory materials

7.1 Sterilization

7.1.1 General

Record the femperature and duration of sterilization. Appropriate sterilization indicators, such gs autoclave
tape, may be used to distinguish between sterilized and unsterilized materials:

7.1.2  Sterilization by dry heat

Robust labgratory equipment such as glassware, metal sampling<implements, etc. may be heated in a
sterilizing qven for atleast 1 h at 170 °C £ 10 °C (see 6.2.5).

7.1.3 Sterilization by moist heat (steam)

Moist steath under pressure is the most effective method of sterilization of laboratory glapsware and
other matefials. The temperature of the autoclave chamber shall remain at 121 °C £ 3 °C for at least 15 min
(see 6.2.2).

7.2 Decontamination and disinfection

7.2.1 Deg¢ontamination of glassware'and materials before use

In general, It is preferable to sterilize items of laboratory equipment using dry heat (see 7.1.2) or moist heat
(see 7.1.3).

In certain gituations, such as field sampling, chemical decontaminationl42] of cleaned equipment can be
appropriatg.

Use chemidal compoetnds (e.g. chlorine-based products, alcohols, quaternary ammonium conppounds) at
appropriatg concehtrations and for an appropriate contact time.

Ensure tha an-"r chamical raciduac dn nat ~ffoct tlﬂ‘e varaValale2Valed Cf micraoraanicmec and t+hai after Such

e mrtoa T eotrtaato— o o rretcr—tr TCC "4 T T oo o oo ottt oot

treatment the equipment is free from inhibitory substances.

7.2.2 Decontamination of glassware and materials after use

Place materials for decontamination and disposal in containers (e.g. autoclavable plastic bags and/or buckets
to prevent spillage).

Autoclaving is the preferred method for all decontamination processes (at least 30 min at 121 °C + 3 °C).

NOTE Alternative methods, other than autoclaving, can be used, e.g. chemical sterilization and incineration for
molecular waste (see ISO 22174).
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Load the autoclave to allow good steam circulation and heat penetration into the load and take care to loosen
caps/lids and open bags.

Autoclave all equipment which has been in contact with microbiological cultures (solid or liquid culture
media), including re-usable containers before washing.

During laboratory testing, decontamination by immersion in freshly prepared disinfectant solutions may be
used for small and corrosion-resistant equipment or disposables, such as pipettes, loops and slides. However,
autoclave all such materials before final disposal as waste.

Most disinfectants have some toxic effects (see the manufacturer’s safety data sheet (SDS) and Annex A).
Wear gloves and eye protection, as a minimum, when preparing dilutions from concentrated disinfectant.

7.3 WasteTmamagenrernt

Correct disposal of contaminated materials does not directly affect the quality of sample testing, but it is a
matter of gIod laboratory practice.

A system f¢r the identification and separation of contaminated materials and the€it,containers should be
established|for:

— non-coftaminated waste (e.g. food samples) that can be disposed of with'general waste;
— scalpel$, needles, knives, syringes and broken glass;

— contantinated materials for autoclaving and subsequent reuse_ ifkthe laboratory;

— contanjinated material for autoclaving and disposal, or for disposal only if the material is to be incinerated.

Autoclave materials contaminated with Biosafety Level 3 microorganisms and their containers|before they
are incinergted.

7.4 Washing

Wash re-uspble equipment only after it has been decontaminated. After washing, rinse all equipment with
deionized water.

Specialized| equipment may be used-to*facilitate cleaning operations, e.g. pipette washer, glass washer
(see 6.10.5.1).

After wash|ng, ensure re-usable-equipment is free of residues that can affect the subsequenf growth of
microorganisms.

8 Preparation and use of culture media and reagents

Culture mefia, diluents and reagents should be prepared in accordance with ISO 11133 and|/or specific
standard(s)

Follow the requirements and guidance in ISO 11133 for all aspects of use of microbiological media and
reagents required for specific standards.

Methods for performance testing of different types of microbiological culture media and reagents are given
in ISO 11133. Recommended control strains to be used for each culture medium and reagent are also quoted
in ISO 11133 or in specific standards for detection, enumeration or confirmation of microorganisms.

Ready-to-use media that have been tested in accordance with ISO 11133 by the supplier may only need
reduced testing by the user laboratory if transport and storage conditions are followed (see ISO 11133).
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9 Laboratory samples

9.1 Sampling techniques and sampling plans

9.1.1 General

Although extremely important for the interpretation of test results, sampling techniques and sampling plans

are not a pa

rt of this document.

However, general guidance is given in this clause to ensure that samples received at testing laboratories are

suitable for

microbiological examination.

9.1.2 Samniphng

The laboratpry should receive a sample which is representative of the product, is sufficientforth
tests and has not been damaged or changed during transport and storage. A documented-chaif
should be ¢stablished for regulatory work, as samples are transferred, monitored ahd-control
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ed through

the collection and testing process. This helps to provide credibility that sample integrity has

hined.

sample against extraneous contamination from the air, the saniple container, th
d and improper handling. A sample container should not be more than three-qua
be and to allow proper mixing of the sample in the laboratory.

hples clearly and completely and record the sample information.

samples, the temperature at the time of collectionand upon receipt is required. This
e laboratory for the interpretation of results.

hmples should be submitted to the laboratery;in the original, unopened container. If
r is too large for submission, transfer a portion aseptically to a sterile sample co

h close it immediately.

ails of sampling certain products-are given in specific standards (e.g. ISO/TS 17728
S0 18593, 1S0 707, ISO 6887-3).

ries are responsible-for checking that samples are received intact and in their origing
t procedures should minimize any alteration in the number of microorganisms p
n to samples ¢ollected or transported by the laboratory and also to advising client;
bnditions.

nples-so that breakages or spillages are avoided.

e sampling
ters full to

can also be

the product
htainer and
laboratory

ISO 17604,

1] condition,
resent. This
on correct

Deliver san

ples to the laboratory promptly and ensure the original storage conditions are m4

intained as

closely as possible.

Samples stable at ambient temperatures may be packed in a clean container using appropriate packing

material to

avoid damage.

Product information labels should indicate whether refrigeration or freezing is required.

Do not use loose water ice as this can cause sample contamination if the container breaks or leaks. Instead
use portable refrigeration equipment or cold blocks, around but not in contact with the packaged samples.

Unless otherwise required by specific standards (e.g. ISO 6887-3), the following temperatures during

transporta

re recommended:

— stable products: ambient temperature (18 °C to 27 °C);
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— frozen or deep-frozen products: below -15 °C, preferably below -18 °C;
— other products not stable at ambient temperature: 5 °C + 3 °C;

— surface samples: refrigerated at 1 °C to 8 °C (see ISO 18593 and ISO 17604).

For some critical samples, such as waters used in food production and environmental surface samples

(e.g. swabs, wipes, sponges), the time elapsing between sampling and examination is specifie
valid test results (see ISO 19458, ISO 18593 and ISO 17604).

When no conditions are specified, it is recommended that the parties concerned agree on the d
temperature of transport.

e

d to ensure

uration and

Check the cpndition of the samples on receipt at the laboratory.

If the condition of any sample is unsatisfactory or if there is insufficient sample for the requested
laboratory $hould refuse the samples and/or notify their client.

In special dircumstances, such samples may be tested, but only after discussion and agreeme
client. Include disclaimers about the validity of the results in the test report.

Register the¢ samples received at the laboratory and record all relevant sample details so that th
through to [the time of drafting the test report can be monitored. Theyidentity and coding of g
records shalll ensure traceability throughout all stages in the laboratory.

If necessar
appropriatg

y (e.g. if the containers are dirty), disinfect the exterior surfaces of the containe
disinfectant (see Annex A).

Check samplle containers for evident physical defects which can affect sample integrity.

Note the following information:

— date (apd time, where relevant) of receipt;

details

of sampling (sampling date and time and, if relevant and known, sample condition);

client nhme and address.

On receipt pf perishable samples; record the temperature of transport or the temperature of
sample included for this purpose. If neither option is available, take the temperature with
thermometgr or a probe in conitact with the sample packaging, or mark the position where the t
of the samjle was taken so_this area is avoided when taking the test portion.

e

Examine t
parties con

samples\ds soon as possible after receipt and preferably within 24 h, or as agre
Cerneds

For highly gerishable products (such as shellfish) or where specified (such as waters and swabs)

testing, the

nt with the

Pir progress
amples and

rs using an

h simulated
an infrared
emperature

cd with the

test within

24 h of sam

]ing Eor other pprichah]p prndnr‘fc (cn(‘h as fish or raw mi”()’ idr—\q”y test within 36

Freezing of samples other than already frozen products before testing is not permitted as this ca
results by changing the microbial load.

9.4 Sample handling

9.4.1 General

Handle samples at all stages through the laboratory to minimize any changes in the
microorganisms present.
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9.4.2 Storage before examination

Store samples awaiting examination under conditions which minimize any alteration in the number of
microorganisms present.

The following short-term storage temperatures are recommended:

stable products: ambient temperature (18 °C to 27 °C);

frozen or deep-frozen products: below -15 °C, preferably below -18 °C;

specific standards: 5 °C = 3 °C (see ISO 6887-3);

other products not stable at ambient temperature, including spoiled food, unless otherwise stated in

surfac

sampies: rerrlgerated dal 1 "L 1O o "L (5ee 15U 16075 ana iSO 1/76U4%]).

9.4.3 Test portions

Refer to the
and prepar

9.4.4 Sto

Except in s
laboratory
the client.

Pack in stern

Itis not acc
is heteroge
obtained fo

NOTE F
retest does n

However, if]

relevant part of the ISO 6887 series or specific standards for rules for-taking the
ng the homogenate and initial suspension.

rage of laboratory samples after examination

pecial cases when samples cannot be retained, such as waters or surface sample
bamples or a representative portion until all results have-beéen obtained, or longer if

ile containers (e.g. a plastic bag) and replace in the sterage conditions specified in 9.4

bpted practice to retest stored samples, because the microbial distribution in laborat
heous and the microbial population can change during storage. Thus different reg
I both qualitative and quantitative retests.

br qualitative tests capable of detectinglow numbers of the target organism, a “not detected’
ot negate detection of the target in thelinitial test.

retesting is necessary (e.g. in outbreak investigations) or is requested by the client,

retest resullts separately and clearly marked as a retest. Ideally another sample of the same pro

be obtained

from the client for furthertesting.

9.5 Pre-

For some
activity ca

Guidance

internationp

General guic

esting of samples

icrobiological examinations, knowledge of physical sample parameters such as p
be requiredbefore testing. Perform any necessary pre-testing on sub-samples taken|

pH testing of individual food commodities is available in specific national, re¢
| standards (e.g. ISO 5546 for pH of casein).

fest portion

s, keep the
required by
2.

bry samples
ults can be

resultin the

report the
duct should

H or water
aseptically.

bogional and

dre glven in

[SO 18787, together w1th prec151on data obtamed from mterlaboratory studles Addltlonal 1nformat10n is
given in the manufacturer’s instructions for the specific water activity measurement equipment in use. The
manufacturer’s instructions should be followed.
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nation

10.1 Hygienic precautions during sample preparation and examination

10.1.1 General

Take all necessary precautions to ensure sample preparation and examination in the laboratory are
conducted under aseptic conditions. Detection/enrichment techniques are particularly sensitive to

accidental c

10.1.2 Bas

ontamination from the laboratory environment.

ic precautions

Basic preca

Labora
in; stor
prepar

Ensure
reduce
avoid u

prepar
Ensure
Useab

Separat
those a
is parti
risk act
serolog

To avoi
sample

Wash h

10.1.3 San

Sample han
series for sa

Before

Clean the surrounding work area and swab with an appropriate disififectant (see Annex A) be

tons berore beginning sample examination incliude the roliowing:

fories should be designed with physical separation between critical areas such @s:'sa
hge and set up areas; pre-enrichment and culture transfer areas; and culture media
ition, sterilization and storage areas (see Clause 4).

that the work area is clean, that all possible sources of contamination have been
] to the minimum, that there are no draughts (i.e. that the doors@nd windows are
hnecessary movement of personnel during the examination.

ition or testing begins.
all necessary items are on hand before starting work,
ological safety cabinet for handling samples likelyto contain pathogenic bacteria.

e activities assessed as “low-risk”, such as>sample receipt or culture media prep4
ssessed as “high-risk” by time or location-to reduce the potential for cross-contami
cularly important with high-risk samples such as powders, raw meat and raw egg
ivities involving handling of cultures,-such as transfers, isolation procedures and b
ical identification.

5 in a separate room or areaand preferably in a protective cabinet.

ands immediately beforetesting and again during testing if they become contaminat]

hple handling

dling precautions are necessary to reduce the risk of cross-contamination (see th
mple-spécific details) and include the following:

bpening packaged samples, swab the exterior area around the intended opening poin

(byvol
open t

mple check-
hnd reagent

removed or
closed) and

fore sample

ration, and
nation. This
5, and high-
ochemical/

1 contamination of the envirenment and test portions, handle powdered or highly contaminated

ed.

e ISO 6887

t with 70 %
Aseptically

;l: me) alcohol (or another appropriate disinfectant, see Annex A) and allow to evaporate

scissors, spoon, forceps, pipette, etc.).

inocula

Take special care when handling spoiled samples showing gas build up (e.g. blown cans).

tion.
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10.1.4 Sample handling tools and implements

Use suitable tools and implements for different sample types as detailed in the ISO 6887 series and take the
following general precautions:

place used implements in a suitable vessel for subsequent sterilization and/or disposal;

an examination, close the pack and seal it tightly to minimize contamination;

sterilize all implements and protect them before and during use from exposure to contamination;

use disposable implements whenever possible where there is a risk of “carry over” contamination;

if the whole contents of a pack of disposable pipettes, Petri dishes, etc., is not used during the course of

whenr
remain

do not {

10.1.5 Spi

Immediatel
(by volume
work surfaq

The inciden

10.1.6 Pra

When using
organism, r

FIOVINE Stertie pipettes from thelT pack; do not attow the tips to touch the outside s
ing pipettes to reduce potential contamination;

1llow pipettes to touch the outside of dilution bottles or tubes, especially the rims or

lages

alcohol or any other appropriate disinfectant (see Annex A), then'clean and disinfed
e before continuing. Do not use a spray bottle as these can create aerosols.

E should be documented to assist with investigation of anysubsequent cross-contamin

cess controls

educe the potential for laboratory cross-contamination and false-positive results by:

inocul

inocul

choosirn
(e.g. by

using a
fluores

NOTE T

|

ing the controls in a separate area fronrthe test samples or separate in time;

ing all process controls at the end.gf;testing;

choosing uncommon strains);

genetically altered control strain with easy-to-detect characteristics, such as lumi
Cence.

he use of geneticallyaltered control strains is restricted by some national or regional regula

10.1.7 Aenosols

Aerosols ar
be minimiz

pd during testing.

aces or any

necks.

[y mop up any spillages using cotton pads or other appropriate material impregnated with 70 %

t the entire

htion issues.

process control strains (see 16.2.2) alongside testing, particularly positive controls ¢f the target

g specific positive control organisms that are easily distinguishable from typical sample isolates

nescence or

fions.

e a major cause of environmental contamination and of laboratory-acquired infectign and shall

Aerosols can be formed when:

opening Petri dishes, tubes and bottles containing inoculated cultures;

using shakers, vortex mixers, blenders, syringes, centrifuges, etc.;

evacuating pipettes;

flame-sterilizing inoculation loops or needles still carrying wet contaminated inocula;

opening and reconstituting ampoules containing freeze-dried cultures.

Take appropriate precautions where possible. A culture medium blank can be exposed alongside testing and
incubated with batches of samples to check for this type of contamination.
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10.1.8 Molecular methods

Additional precautions are necessary for PCR methods (see ISO 22174).

10.2 Preparation of initial suspension and dilutions

10.2.1 General

Prepare the initial suspension and dilutions in accordance with the relevant part of the ISO 6887 series.

The time which elapses between the end of preparation of the initial suspension and the moment the
inoculum comes into contact with the culture medium should ideally be less than 20 min and shall not
exceed 45 min unless specific conditions (e.g. soaking of dehydrated samples to reduce osmotic shock) are

given in the

The initial
standards.

10.2.2 Corn

10.2.2.1 C

If enumera
sensitivity

Evaluate whether it is possible to filter food suspensions beforeichoosing the concentration step

If using cen

For each cq
necessary a

The perfory]
be comparg

10.2.2.2 Ix

If low numbers of target microofganisms are present in the sample, separation and conce

microorgan
beads, toge
relevant sta

Before use
concentrati
the target n
accordance

specific standard.

suspension and dilution steps may be followed by an enrichment step as describec

jcentration

entrifugation or membrane filtration

fion of low numbers of microorganisms is required this-may be improved, in ter
ind precision, by concentrating the test portion using cenprifugation or membrane fil

frifugation, resuspend the centrifuged deposit in@known volume of diluent before t¢

mbination (food and microorganism) verify ‘whether the addition of a concentra
nd valid.[33]

hance of the overall method, in terms.of sensitivity, selectivity, linearity and repeatab
d with that of the specific standard\(without concentration) conducted in parallel.

hmunoseparation

isms may be achieved with immunomagnetic beads coated with specific antibodies
ther with the captuved target microorganisms, directly onto the culture medium
ndards.

check that‘the immunomagnetic beads coated with the specific antibodies ug
pn step dreé suitable and give expected results in the laboratory with control samples
hicroorganisms. Such checks are especially important if the procedure has not been
with the ISO 16140 series.

| in specific

ms of both
tration.

psting.

tion step is

ility, should

ntration of
Spread the
specified in

ed for this
containing
validated in

11 Enum

eration (quantitative) methods

11.1 General

When assessing the microbiological quality and/or safety of food, feed, environmental or other samples
taken from the food chain, it is often not enough to know only which microorganisms are present. In most
cases, the quantitative aspect is equally important, and enumeration of the microorganisms is required. This
may be achieved in various ways: through direct examination (microscopy), by inoculating solid or liquid
culture media, with flow cytometry, by PCR methods, etc. However, this clause covers only enumeration
using solid and liquid culture media.
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Enumeration on solid culture media is based on the fact that many microorganisms produce visible colonies
in or on solid culture media that can be seen with the naked eye or with a simple magnifying system.

However, if the matrix contains particles, which can be confused with colonies when counting the plates,
these should first be separated by allowing the suspension to settle or by using filter bags. In some cases, an
inoculated plate can be refrigerated at 5 °C + 3 °C for comparison after incubation (see 11.2.5).

If the level of bacteria is very low (i.e. < 10 cfu/ml), enumeration on or in solid media cannot be used without,
if possible, first separating the target microorganisms from the matrix, e.g. using immunoseparation
or concentration by filtration or centrifugation (see 10.2.2). Another solution in the case of expected low
numbers can be to increase the volume of the inoculum (e.g. XX ml > 1 ml) used in pour plating, but the ratio
between the inoculum volume and quantity of agar added for a 1 ml inoculum shall be maintained.

In such cases, enumeration with ]iqnir] mediaisoften asuitable alternative (Cﬂﬂ 11 '2)

11.2 Enurmeration using a solid medium

11.2.1 General

The choice|between the pour or surface plating methods described in 11.2.2)and 11.2.3, rlespectively,
depends on|the requirements of specific standards and the objective of the analysis.

Label or otherwise identify the Petri dishes with the sample number, dilution, date if necessqry, and any
other relevgnt information.

Select dilutjons to prepare and inoculate to ensure that plates containing the appropriate numbet of colonies
are obtaine (see 11.2.6.1) and to overcome any possible inhibitory properties of the sample.

Use a sepafate sterile pipette for transfers from each dilution, except if working from the highest to the
lowest dilufion.

For pour orfspread plate enumeration techniques on-solid media, use one plate per dilution with|at least two
subsequent|dilutions for laboratories which operatein accordance with the principles of ISO/IE( 17025.

NOTE The use of the initial suspension at different volumes (1 ml and 0,1 ml) is also considered as|“subsequent
dilutions”.

If only one dilution is performed or if@laboratory does not operate in accordance with these prifjciples, then
use two plafes.

11.2.2 Pouyr plate technique
Pour plating is the preferred technique for enumeration methods where:
— alow limit of determination is specified or required;

— products areexpected to contain spreading colonies that obscure growth of other organisms (e.g. milk
and milkdproducts likely to contain spreading Bacillus spp.);

— products are expected to contain oxygen sensitive bacteria (e.g. some lactic flora that develop during
shelf-life or modified atmosphere storage).

Withdraw the defined volumes of the dilution to be examined, touching the tip of the pipette against the side
of the tube to remove excess liquid adhering to the outside. Lift the sterile Petri dish lid just high enough to
insert the pipette and then dispense the contents.

Remove the tempered culture medium at 44 °C to 47 °C from the water bath (or incubator) and, if necessary,
wipe the bottle dry with a clean towel to prevent water from contaminating the plates. Avoid spilling the
culture medium on the outside of the container or on the inside of the plate lid when pouring. This can require
holding the bottle in a near horizontal position or avoiding setting the bottle down between pouring steps.
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Pour the molten culture medium into each Petri dish (generally 18 ml to 20 ml of agar in 90 mm Petri dishes
orasrequired in 140 mm dishes, to obtain atleast 3 mm thickness). Avoid pouring the molten culture medium
directly onto the inoculum as this can cause heat shock to the microorganisms in the inoculum. Immediately
mix the molten culture medium and the inoculum carefully to obtain a homogeneous distribution of the
microorganisms within the medium. Allow to cool and solidify quickly by placing the Petri dishes on a cool
horizontal surface and invert them only when the culture medium has set (solidification time should not
exceed 10 min).

If the presence of spreading colonies (e.g. Proteus spp.) is expected in the product to be examined or if stated
in specific standards, overlay the solidified plates with sterile non-nutritive culture medium or the culture
medium used in the test (generally 5 ml of agar in 90 mm Petri dishes) to prevent or minimize spreading.

When low numbers (i.e. < 10 cfu/ml) are expected, the volume of the inoculum in pour plating can be
increased ({ i f i re medium
added for a

1 ml inoculum shall be maintained.
11.2.3 Surface plating techniques

11.2.3.1 Gpneral

Methods of
plate methg

plating designed to produce only surface colonies on culture medium plates differ fr
d in a number of ways, such as:

bm the pour

sh between

the moIL‘phology of surface colonies is easily observed, improvifig) the ability to distingui
differemt types of colony;

coloniep are more easily removed for sub-culturing;

heat lalyile microorganisms are not exposed to tempered-'culture medium;

— improvgd growth of obligate aerobes.

Use pre-poy d free from

air bubbles

red plates, containing a minimum of 3"'mtm of the culture medium, which are level ar
and have been dried before use to.remove surface moisture.

To facilitate 11133 or as

stated in sp

uniform spreading, dry the surface of pre-poured plates in accordance with ISO
ecific standards so that thedneculum is absorbed within 15 min.

11.2.3.2 )

Using a ste
initial susp
Repeat this
and 1072 in
(see 11.2.6)

To detect Ig

pread plate method

rile pipette, transferthe inoculum (usually 0,1 ml or 0,5 ml) of the liquid test samp
ension in the case-of solid samples, to the agar plate (90 mm or 140 mm in diameter, re
step for the{next decimal dilution, to give a dilution step of 1071, in the case of liqy
the case-of solid samples. If higher counts are expected, repeat for further decim

weérunicrobial counts if required, the limit of detection may be increased by a fac

testing 1,0

le, or of the
spectively).
id samples,
al dilutions

for of 10 by

mbof liquid samples or 1,0 ml of the initial suspension of solid samples. This is

hichieved by

spreading 1,0 ml of the inoculum over the surface of a large (140 mm diameter) Petri dish or over the
surfaces of three 90 mm diameter Petri dishes (see 11.2.7.2.7).

Using a sterile spreader or spatula made of glass, plastic or stainless steel, spread the inoculum evenly over
the culture medium surface as quickly as possible without touching the side walls of the Petri dish. Use
a separate spreader for each dilution, unless working from the highest to the lowest dilution. Allow the
inoculum to absorb with the lids in place for about 15 min at room temperature.

NOTE A spreader can be made from a glass rod about 3,5 mm in diameter, shaped like a hockey stick about 20 cm
long, bent at right angles at about 3 cm from one end and flattened at the ends by heating.

In some cases, as stated in the specific standard, the inoculum may be deposited on a membrane, before
spreading as previously described.
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11.2.3.3 Spiral plate method

11.2.3.3.1 General

The spiral plate method[23] has been in use for many years for routine monitoring of aerobic colony counts
in food expected to contain higher levels of microorganisms (24 000 cfu/g or = 400 cfu/ml) and has been
extensively evaluated.

The method uses dedicated equipment, a spiral plater (see 6.4.3), to deposit an inoculum of 50 pl on the
surface of plates quickly and easily. Generally, fewer or no dilutions are required and duplicate plates
(see 11.2.1) are not needed because a single spiral plate represents multiple dilutions. It is, however, not
suitable for larger or spreading colonies which can merge, making counting plates accurately impossible.

NOTE1 Spme alavailable for

volumes othé¢r than 50

dl pla
ul.

b to a sterile
er products,

Archimedes
based while

Transfer, uding a sterile pipette, an adequate amount (e.g. 3 ml to 5 ml) of the sample homogenatg
disposable peaker. The inoculum of 50 pl of a liquid sample or a suspension, in the case of oth¢
is deposited continuously on the surface of a rotating culture medium plate in the form of an

spiral, producing multiple successive dilutions on a single plate. The volume dispensed is decr

the dispensjing system (stylus or disposable sterile micro-syringe) moves from-the centre to the
plate, so that an exponential relationship exists between the volume deposited and the radius of]

NOTE2 O
discussed in

Exponentia
of spread g
comparativ
perform vel

11.2.3.3.2

An automa
medium plg

Pour the sa
presented t

Alternative

Before use,
room tempg

11.2.3.3.3

Place a pre-

her plating modes are available on some spiral platers but onlythe exponential (logarith
this document.

spiral plating as an option in surface plating enumetation methods shall only be u

e validation study (see ISO 17468), and togetherWwith the applicable range of results.
rification for routine use in each individual laberatory in accordance with ISO 16140-

Preparation of culture medium plates

fic dispenser with a sterile delivefy system is recommended for the preparatior
tes, to help ensure that the platés are level.

me quantity of culture medium into all the plates so that the same height (a minimum
b the spiral plater stylustip/to maintain the correct contact angle.

y, commercially prepared ready-to-use culture medium plates may be used.

dry all plates as‘described in ISO 11133 or in the specific standard and ensure they h
brature.

Plating procedure

potred culture medium plate on the turntable and launch the plating procedure. T}

edge of the
the spiral.

mic) mode is

sed instead

lating if this is indicated in the relevant specifigsstandard, based on supporting dlata from a

In addition,
3.

of culture

of 3 mm) is

hve reached

le inoculum

is collected

by the stylus and differentially dispersed as the stylus tip rides over the surface of

[he rotating

plate. The stylus will return to the starting position and the inoculated plate can be removed.[23]

11.2.4 Enumeration of yeasts and moulds

Yeasts and moulds are usually enumerated either by a pour-plate technique which allows easier enumeration
or by a surface spread-plate technique which provides maximum exposure of the cells to atmospheric
oxygen and avoids heat stress from molten culture medium (see the ISO 21527 series). Dry pre-poured
culture medium plates before inoculating (see ISO 11133).

Some yeasts and moulds can be infectious or can elicit allergic responses, sometimes even in healthy
individuals, so it is important to be cautious when working with them. Plates should be kept in incubators
or other containers, not in an open room. Plate lids should be removed as infrequently as possible and only
for essential purposes such as preparation of slides for microscopic examination. Care should be taken when
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manipulating cultures to avoid dispersal of conidia and other cells. Work benches and incubators should be
disinfected routinely to avoid spores spreading and contaminating other tests.

Incubate Petri dishes in an upright position undisturbed until ready to be counted, as movement can release
mould conidia or spores to develop into satellite colonies, causing overestimation of the population.

11.2.5 Incubation

For bacterial counts, unless otherwise stated in specific standards, immediately invert dishes once pour
plates have set and surface-inoculated plates have dried and place them in an incubator set at the appropriate
temperature. If excessive dehydration can occur (e.g. at 55 °C or in strong air circulation), wrap the dishes
loosely in plastic bags or place them in clean containers before incubation. An open container of water can

also be plac

ed in the incubator to counteract dehydration.

Petri dishes
each other

be acceptal]
should be v

During the
acceptable

that variatipns caused by these operations are kept to a minimum so that they do not have 3

effect on th

It is sometimes necessary for the laboratory to refrigerate the inoculdted dishes at 5 °C + 3 °C for

of 24 h bef
resulting ca

After incub
otherwise g
longer peri
subsequent
plates shou
colourisre

11.2.6 Cal

11.2.6.1 P

Following t
colonies or
no more tha

Petri dish) ¢r the maxitnum number as stated in the specific standard.

Also count
maximum d

should not be stacked more than six high for aerobic incubation and should besep
hnd from the incubator walls by at least 25 mm. However, higher stacks with less s
le in incubators fitted with air circulation systems. In this case, the temperature
prified.

incubation period, minor variations in the incubation temperature can‘be unavoidg
e.g. during the usual operations of loading or unloading the incubater). However, it i

b test result.

re incubation. If this is done, the laboratory shall verify that this practice does nc
unts.

htion, the dishes should normally be examined immediately. They may, however, be st
tated in specific standards, for up to 48 h at 5C * 3 °C in a refrigerator. Refrigerated
ds is only acceptable if it has been verified‘ds having no effect on the numbers, ap
confirmation of the colonies. With certain culture media containing indicator dyes, 1
d be allowed to equilibrate at room.temperature before examination, to ensure thatj
bained.

culation and expression of results obtained with solid culture media

ate counts

he period of incubation stated in the specific standard, count the colonies (total colo
bresumptive colofiies) from the Petri dish from the first, more concentrated (lower) d
n 300 total eolenies or no more than 150 typical or presumptive colonies (for a 90

the colonies from a Petri dish if the number of colonies is within the interval b
ountable number plus 1 (e.g. 301 for 300 colonies) and the upper limit of the confide

hrated from
pacing may
Histribution

ble and are
5 important
significant

A maximum
t affect the

bred, unless
storage for
bearance or
efrigerated
the correct

hies, typical
ilution with
m diameter

etween the
hce interval

for the max

imum countable number (e.g. 334 for 300 colonies) (see Annex B).

If higher dilutions have been prepared, also select Petri dishes from the second subsequent dilution, including
for calculation of results, plate(s) with 0 colonies, i.e. no growth observed (see 11.2.7.2.7, Example 3).

When Petri dishes with different diameters are used, the maximum number of colonies shall be increased or
decreased in proportion to the surface area of the dishes (or membranes) (e.g. 110 colonies for 55 mm dishes
or 730 colonies for 140 mm dishes instead of 300 colonies for 90 mm).

Consider spreading or chains of colonies as single colonies. If less than one-quarter of the plate is overgrown
by spreading, count the colonies on the unaffected partand calculate the theoretical number by extrapolation
and report as an estimated result. Discard the count if more than one-quarter is overgrown.

If the level of determination has been lowered (for low microbial counts) by inoculating a number of Petri
dishes with a higher volume of the same dilution, consider all these Petri dishes as only one count.
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Special cases can occasionally occur (e.g. the ratio of dilution factors used for two successive dilutions can
be quite different), and it is therefore necessary for the results to be examined and interpreted by a qualified
microbiologist and, if necessary, rejected.

Acceptability limits of the differences between the number of colonies from parallel duplicate plates
can be established according to the probability of compliance estimated using the formula given in
[SO 14461-2:2005, 7.1, which has been incorporated into the colony count techniques (CCT) calculator
available at: https://standards. iso. org/iso/7218/ed-4/en/ together with the verification report for this
calculator.

Similarly, acceptability limits of the differences between the number of colonies from two subsequent 10-
fold dilutions can be established using the formula given in ISO 14461-2:2005, 7.2, which has also been

incorporated into the CCT calculator.

11.2.6.2 S

For spiral p

piral plating

ate counting, use counting grids according to the manufacturer’s instructions,

Centre the incubated plate over the grid. Choose any segment and count the colonies from the ou

into the cen
the area (i.g
area on the

tre until 20 colonies have been counted. Continue to count the remaining colonies ¢
. segment or subdivision of segment) in which the 20th colony was-¢bserved. Count
opposite side of the plate and divide the total count of the two dreas by the volume K

deposited on the counted areas. This gives the number of colonies per millilitre of inoculum.

Count only
the 20th co
because of

If less than
counted on

11.2.6.3 C

Plates with
dishes cont
containing

If the identi
from at leas

11.2.6.4 E

The final nu
for general
power of 10
five do not
preceding f

hreas with well-isolated colonies. If the total number ofolonies counted in the area

oincidence error due to crowding of colonies, and this-area is not considered.

20 colonies, the lower limit to achieve acceptable variance for spiral plating,[44]
the segment selected, count the total plate andfollow the general instructions for plg

punting yeast and mould colonies

10 to 150 colonies are usually cotinted. If the mycoflora consists primarily of m
hining counts in the lower population range. If the mycoflora consists primarily of y¢
counts up to the upper limit may be selected for counting.

Ly of the colonies is in doubtor full identification is needed, examine wet mounts or st
t five colonies per sample'to confirm that bacteria are not present.

kpression of results

mber (N) of'¢olony forming units (cfu) per g or per ml, calculated according to the fc
or speciahcases, should be expressed as a number between 1,0 and 9,9 times the
, or a whoele number with two significant figures. When doing this, if the third figure
modify the preceding figure, and if the third figure is greater than or equal to five, i
gure by one unit.

tward edge
ontained in
in the same
rnown to be

containing

ony exceeds 75 or the area does not contain discrete celonies, the count is generally not accurate

46][52](54] s
te count.

ulds, select
asts, dishes

ains of cells

rmula used
Appropriate
is less than
ncrease the

For most microbiology plate count methods, other than spiral plating (see 11.2.6.2), 10 colonies are generally
accepted as the lowest reliable count and therefore the lower limit of determination. For results below the
limit of determination, the presence of the target organism can be detected but not quantified sufficiently.

Therefore, if the plate (or both plates) from the first dilution retained contains in total less than 10 colonies,
express the final result as an “estimated number” (Ng).

NOTE1 The term “estimated number” means a less precise estimate of the true value.
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If the total number of colonies is < 4 (i.e. 1, 2 or 3), the precision of the result is extremely low. The final
result indicates only that microorganisms are present and is expressed as less than 4/Vd per gram or per ml
because the estimated numerical value is statistically unreliable.

NOTE 2

At an average count of three colonies per test portion, provided that the Poisson distribution prevails, the

chance of detecting the presence of the analyte (i.e. observing at least one colony) equals 95 %. For further details of
the statistical background, see ISO 8199.

11.2.7 Calculations for enumeration methods

11.2.7.1 General

Formulae for the calculations for all enumeration methods using solid media are givenin 11.2.7.2 and 11.2.7.3

alongside w
11.2.7.2 P

11.2.7.2.1

Calculation
11.2.7.2.7. 0O

For a resul
plates (dupl

11.2.7.2.2
confirmati

Calculate th
test portion

orked examples.
ate count calculations

General

5 for the general case, counts after confirmation and some special cases are given in |
nly 10-fold dilutions are considered for the calculation.

to be valid (see 11.2.1), it is generally considered necessary to retain at least tw
icates from the same dilution or plates from two successivedilutions).

Plate count calculation: General case (counting of'total colonies or typical colon
bn)

e number N of microorganisms in colony forming units per gram or millilitre (cfu/g

using Formula (1):
2C

N =
V %

where

)i

[n; +(0,1xn,)]xd

s the sum of the colonieS ¢ounted on all the dishes retained from one or two successi

is the volume of ineculum applied to each Petri dish, in ml;
is the numberof dishes retained at the first dilution;
iis the nunmiber of dishes retained at the second dilution (n, = 0 if it is not performed);

is the dilution corresponding to the first dilution retained (d = 1 for liquid product un

ilutions;

11.2.7.2.2 to

b countable

jes without

r ml) of the

(D

ve

riiluted).

EXAMPLE

N_

Counting in a pour plate method with one Petri dish per dilution, has produced the follow

At the more concentrated dilution retained (10-2): 168 colonies.

At the subsequent dilution retained (1073): 14 colonies.

168+14 182

=16 545

1x[1+(0,1x1)]x1072

0,011

Rounding off the results, the number of microorganisms is N =17 000 or N = 1,7 x 10* cfu/g or ml.

where
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168 + 14 = 182;
1 ml of dilution plated in each Petri dish;
1 Petri dish retained for the 10-2 dilution;

1 Petri dish retained for subsequent 10-3 dilution;

is 0,01 = 102 dilution corresponding to the first dilution retained.

Plate count calculation: Count after confirmation

When the method requires confirmation, a given number A (generally five) of presumptive colonies are
confirmed from each of the dishes retained for counting.

After confirmation, calculate, for each of the dishes, the number of colonies (a) complying with id

criteria usilllg Formula (2):

b
a=—x
A

where

A ist

b st
C st
In addition,
NOTE I
EXAMPLE

At the nf
which W

confirm

Replace ZC b

N=

At the subsequent dilution retainéd (10-2): 4 colonies. Of the 4 colonies, 4 colonies have been tested, 1

entification

he number of presumptive colonies selected for confirmation from€ach Petri dish;
he number of colonies confirmed from A4;

he total number of presumptive colonies in the Petri dish.

replace XC by 2a in Formula (1).

Yais < 10, the final result is expressed as estimated.
Counting from a surface plating method hasproduced the following results:

ore concentrated dilution retained (10-1):"Z5 colonies. Of the 75 colonies, 5 colonies have bee
ere confirmed:

3
[ =—x75=45
5

ed:
1
[=—x4=1
4

y 2a in Formula (1):

45+1 46
=4 182

(2)

n tested, 3 of

of which was

0,1

[14(0,1x1)]x10"* 0,011

Rounding off the results, the number of microorganisms is N = 4 200 or N = 4,2 x 103 cfu/g or ml.

where

Za
4
n
L)
d

is 45 + 1 (instead of XC = 75 + 4);

is 0,1 ml of dilution plated in each Petri dish;

is 1 Petri dish retained for the 101 dilution;

is 1 Petri dish retained for subsequent 102 dilution;

is 0,1 = 101 dilution corresponding to the more concentrated dilution retained.
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11.2.7.2.4 Plate count calculation, special case: No colonies detected

If the Petri dishes do not contain any colonies (or presumptive colonies have not been confirmed), report the

result using Formula (3):

1
<
Vxd

(3)
where

V  is the volume of inoculum applied to each Petri dish, in ml;

d isthe dilution corresponding to the first dilution inoculated (d = 1 for liquid product undiluted).

EXAMPLE Counting from a pour plate method has produced no colonies in the 101 dilution:

]
N<—4—<10
1107t
where

V  is|l mlinoculated in each Petri dish;

d isP,1=10"1the dilution corresponding to the first dilution inoculated.

11.2.7.2.5d|Plate count calculation, special case: More than the maximum number of typical colonies

If all Petri diishes contain more than the maximum number of typical colonies stated in the specific standard
(usually 309 or 150 colonies), report the result using Formula\(4):
C
N>— 4
Vxd *
where

C is fhe maximum number of colonies-stated in the specific standard;
V' is the volume of inoculum applied to each Petri dish, in ml;

d s the dilution corresponding to the highest (most diluted) dilution (d = 1 for liquid product
unfiluted).

For colonie§ after confirntation, estimate a according to Formula (2) and replace C by a.

EXAMPLE Countingin'a spread plate method has produced more than 150 colonies (maximum number of colonies
stated in the|method)\w'the two dilutions performed (10-1 and 10-2):

[50
N >— o

0,1X10

>150 000>1,5x10°

where

C is 150 (maximum number of colonies stated in the method);
V  is 0,1 ml inoculated in each Petri dish;
d is 0,01 = 102 the dilution corresponding to the highest (most diluted) dilution performed.

© IS0 2024 - All rights reserved
49


https://standardsiso.com/api/?name=84b2cae70573de679044d55bdb0b980d

ISO 7218:2024(en)

11.2.7.2.6 Plate count calculation, special case: Presence of presumptive colonies with more than the
maximum number of total (typical and atypical) colonies

If all Petri dishes contain more than the maximum number of total colonies stated in the specific standard
and presumptive colonies are present but not confirmed in all Petri dishes, results are not conclusive and

shall not be

reported.

If several dilutions have been performed, all containing more than the maximum number of total colonies

(e.g. 300 or

150) and presumptive colonies are confirmed, follow 11.2.7.2.3 or 11.2.7.2.5.

If one dilution (d;) contains more than the maximum number of total colonies (e.g. 300 or 150) with
presumptive colonies confirmed, and the subsequent dilution performed (d,) does not contain presumptive
colonies or are not confirmed, report results as:

“Less th

where

V  ist

d st

11.2.7.2.7
Petri dishe

If each plaf
standard, r
Formula

51:

an 1/Vd, and more than 1/Vd, cfu/g or ml.”

he volume of inoculum applied to each Petri dish, in ml;

he dilution corresponding to the dilutions retained.

Plate count calculation, special case: Lowered limit of détermination (plating a

s)

e of the set of Petri dishes contains less than the maximum number stated in
bport the results according to the general case [seeFormula (1)], but substituting V'b

>.C

whe?e Vet 1
confirmatid

EXAMPLE 1
and one Petn

Attheh
dish A:

On the s

x[ny +(0,1xny)]xd

n, estimate a according to Formula'(2) and replace C by a.

For a spread plate method, three Petri dishes with a total volume of 1 ml from the first d
i dish with 0,1 ml from the same dilution (10-1) have produced the following results:

gher volume spread (Lml from 10-1 dilution in three Petri dishes considered as only one Pet
colonies; Petri dishB:'8/colonies; Petri dish C: 9 colonies. Total (A+B+C): 23 colonies.

ubsequent Petridish spread with a lower volume (0,1 ml from 10-1, equivalent to 1 ml of th

10-2 dilyition): 4 colonigs:

N =

6+8+9)+4 27
(6+8+3)F =245

1x

1+(03tx1)]x10t 0,11

Rounding of

the'results, the number of microorganisms is N = 250 or N = 2,5 x 102 cfu/g or ml.

set of

the specific
[V Viep, USIing

set’

(5)

5 the total volume of inoculum appliedto the set of Petri dishes in ml. When the method requires

lution (10-1)

"1 dish): Petri

b subsequent

where

xC
Vset
ny
L)
d

is(6+8+9)+4=27

is 1 ml of dilution plated in total in the first set of plates;

is 1 Petri dish (the three Petri dishes are considered as only one);
is 1 Petri dish retained for the subsequent dilution;

is 0,1 = 101 dilution corresponding to the more concentrated dilution retained.
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If the set of Petri dishes contains no colonies, follow the special case but replace V (total volume inoculated
in each Petri dish) by V,,, (total volume of inoculum applied to the set of Petri dishes).

EXAMPLE 2
three Petri d

Counting in a spread plate method has produced no colonies in the 101 dilution inoculat
ishes (1 ml in total). Report the result N as follows:

1
N< <10
1x107!
where
V  is 1 mlinoculated in the set of three Petri dishes;
d is 0,1 =10"1the dilution corresponding to the first dilution inoculated.

ed in a set of

If at least orle of the Petri dishes from the first set of plates contains more than the maximum-nu

in the spec
estimate th

EXAMPLE 3
one Petri dig
have produc

Attheh

On the s

On the s

N=

fic standard, discard the first set of Petri dishes and proceed from the subsequént
e number N of microorganisms following the corresponding general or special case.

For a spread plate method, three Petri dishes with a total volume of 1 ml from the first di
h with 0,1 ml from the same dilution (10~1) and a Petri dish with 0,1 ml from ‘the second di
bd the following results:

igher volume spread (1 ml from 101 dilution on three Petri dishes): > 150 colonies in at least]
ubsequent Petri dish spread with a lower volume (0,1 ml from 10<%: 33 colonies.
ubsequent 10-fold dilution (0,1 ml from 10-2): 0 colonies (no.growth).

33 33
000

0,1

The number

11.2.7.3 S

11.2.7.3.1

Calculation
confirmatidg

11.2.7.3.2

If the numb
the plate (s
using Form

N=

[1+(0,1x1)]x1070 0,011

of microorganismsis N =3 000 or N = 3,0 x 103.&fu/g or ml.
biral plate calculations

General

5 for spiral plate results pequire a different approach. Details for the general case,
n and two special cases/are given in 11.2.7.3.2 to 11.2.7.3.5, respectively.

mber stated
dilution to

Jution (10-1),
ution (10-2),

one plate.

ounts after

General case (courting of total colonies or typical colonies without confirmatio

er of colonies-is.greater than or equal to 20 on the first countable segment selected o
be 11.2.6.2);calculate the number N of microorganisms per gram or per millilitre of

hla (6):
L 000

|

)

one side of
fest sample,

(6)

V

Xd

where

C
4

d
EXAMPLE

is the number of colonies on the counted areas of the counting grid;
is the volume inoculated in those areas, in pl;

is the dilution of the suspension inoculated (e.g. 1071 for the initial suspension).

A total of 54 colonies have been counted on the two segments of the grid where 18 ul from the 10!
dilution have been inoculated:
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=30000

18x107!

The number

of microorganisms is N = 30 000 or N = 3,0 x 10* cfu/g or ml.

where
C is 54 colonies;
vV is18pul;
d is1071
NOTE Spiral plating is not suitable for enumerating low numbers of colonies. However, when low counts occur in a

segment (be
general platg
obtained is y

11.2.7.3.3

When the method used requires confirmation, a given number A (generally five) ofi\presumptivg

identified fi

After confiy

tween 1 and 19 colonies) results can be estimated from the total number of colonies on the plate using the

count formula. If less than 20 colonies are counted on the total plate, the confidence interva
Fide, but results can be expressed as estimated.[431146]

Spiral plate calculation: Count after confirmation

om each of the dishes retained for counting.

criteria usipg Formula (7):

b
a=—Xx
A
where
A st
Pe
b st
C ist

In addition,

EXAMPLE
the 101 dilu

b
a=—x(
A

Replace C by

21,4
N =—-+H

he number of presumptive colonies selecteddor confirmation from the counted area
ri dish;

he number of colonies confirmed frenr4;

he total number of colonies in the’Petri dish.

replace C by a from Formula-(6).

Lion. From these 54 coloties, 5 colonies have been tested, 2 of which were confirmed:
2

=—x54=21,6
5

a fromEoirmula (6):

%1000
=12000

A total of 54 colonies\has been counted on two areas of the grid where the inoculum w4

of the result

b colonies is

mation, calculate, for each of the dishes, the number of colonies{&) complying with identification

(7)

b in each

s 18 ul from

18x10

The number

T

of microorganisms is N =12 000 or N = 1,2 x 10* cfu/g or ml.

where
a is 21,6 colonies replacing C = 54 colonies;
vV is18yl;
d is107L
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Spiral count calculation, special case: No colonies detected

If the Petri dish does not contain colonies, report the result using Formula (8):

1 000
V. xd

N<

where
Vt
d

EXAMPLE

is the total volume deposited on the plate, in ul;

is the dilution of the suspension inoculated (e.g. 101 for the initial suspension).

Nocoloniashavaboan datactad in 2 cniral nlatoinacnlatad with S0 ol from tho initial oo
¥ +HoHHeSsHavre-been-aetecte ot SpHatprateHhoctiate e With pH-oH-tRe-HHHH-SHSP

(8)

nsion (10-1).

The final coy

100

nt (N) is:

D 1 000

200

50x1(

where

Vi
d

is

is

11.2.7.3.5

If the first

colonies is ore than 75, record the results using Formula (9):

N>C—X
Vi

where
C is
V. st
d st
EXAMPLE

from the dily

The final cou

' =
-1 50%0,1

60 ul;
10-1.

Spiral count calculation, special case: More than the maximum number of typicz

area in the selected segment contains confluent({i.e. uncountable) colonies or thg

1000
xd

150 (the maximum number of.colonies estimated on the two segments, i.e. 75 x 2);
he total volume deposited-on the first area of the wedge in ul;

he dilution of the suspénsion inoculated (e.g. 101 for the initial suspension).

More than 75colonies have been estimated on both areas of the grid where 5 pl have bed
tion 1072,

nt (N) iskeported as follows:

11 colonies

number of

9)

n inoculated

N> 1501000 _ 150000 —>3000000
541022 5x0,01
The number of microorganisms is N >3 000 000 or N > 3,0 x 10° cfu/g or ml.
where
C is>75 x 2 colonies;
vV is5ul
d is1072
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11.3 Enumeration using liquid media

11.3.1 Principle

Convention

al most probable number (MPN) methods only detect viable microorganisms.

The dilution series used for the method shall be such that a proportion of tubes is positive and a proportion
negative (otherwise greater than or less than results are obtained).

Use of the MPN test includes the following four assumptions:[22]

a)

the gro
b)

rando
9

only o
d)

The princigle of the MPN method is the dilution of a sample to such a degreé that the inocula

but not al

growth at epch dilution) gives an estimate of the initial concentration®fbacteria in the sample.

11.3.2 Ge

To obtain e

may be usedl, with incubation of several tubes, bottles, flasks or microplate wells at each dilution.

microorgan
procedures
per dilution

Test portio
microorgan
microorgan

Various crit
occurred af

These inclu
microorgan

Molecular methodssuch as DNA probes, conventional and real-time PCR may also be used tg

presence of
criteria for

Molecular ¢

the sodrce material for the inoculations is mixed thoroughly enough so the microorg

the process of dilution does not cause clumps of microorganisms to break apart,did so pr¢

the number of microorganisms in any tube is statistically independent of the humber in any

wth will be detected and (where appropriate) confirmed;

if even a single microorganism (or clump of microorganisms) is present in a tube, then it will grow, and

ly distributed, without attracting or repelling each other;

initial suspension is necessary from which all other test portions are obtained;

ys, contains viable target microorganisms. The “outcome”{i.e”’the number of tube

eral MPN procedure

stimates over a broad range of possible concentrdtions, several test portions and ser

isms present in the original sample, and the(precision of the estimate, is calculated b
from the number of positive and negative‘tubes (or flasks, bottles, microplate well
after incubation.

ns are inoculated into a liquid\miedium designed to support the growth of 3
ism or group of microorganisms-"The medium used may also inhibit proliferation o
isms.

eria can be used to detérniine whether target microorganisms are present, growth
d/or a target-specific metabolic activity has taken place.

de visual detection of turbidity, gas production, colour changes and subsequent isol
isms on a sele€tive agar medium, together with incubation atmosphere and tempera

the target microorganism after incubation. The composition of the growth medi
Hiscrimminating between positive and negative results are defined in the specific stan

anisms are

bparation of

other tube.

sometimes,
5 producing

al dilutions
The MPN of
y statistical
S) observed

particular
F non-target

bf these has

ation of the
ture.

determine
um and the
dards.

etection apprnar‘hnc app]inﬂ directly to multinle tubhes or micranlate wells of 2 hg

hogenate or

J r
dilutions, rather than as a confirmation method on a culture, can detect moribund or dead microorganisms
in addition to live ones. Using the MPN procedure, only a qualitative value is attributed, i.e. the result is
either positive or negative.

11.3.3 Limitations of MPN

Addition of the test portion to a selective growth medium should not reduce the selective properties to avoid
growth of non-target microorganisms. Known limitations of specific standards with specific matrices are
given in the scope of the standard.

Special preparation techniques may be required for so-called “challenging” matrices such as spices,
cocoa, bouillon, etc. as they can contain growth-inhibiting substances (see the ISO 6887 series). Addition
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of neutralizing compounds, use of higher dilution factors, centrifugation, filtration or immunomagnetic
separation to remove target microorganisms from the matrix are options.

Limitations can also be due to the natural background microorganisms of the matrix: heavily contaminated
environmental samples, fermented products or products with probiotic bacteria can require the use of a
highly selective growth medium, a two-stage culture procedure or molecular confirmation of the presence
of the target organism in the primary growth medium.

For potentially interfering matrices, or those with a high concentration of non-target microorganisms,
spiking experiments using representative microorganisms should be performed to verify that the method
gives acceptable results.

Derivation of an MPN value assumes that a well-mixed homogenate has been prepared. If an MPN is used for

the analys]_ of solid Camp]nc’ talke nh]y one test pnrhnh to prepare the initial suspension and use allquots for

subsequent|dilutions.

11.3.4 Inoculation procedure

Unless othdrwise stated in specific standards, volumes of less than or equal to A ml are normally added
to 5 to 10 tjmes the volume of single strength liquid media. Test portions greater than 1 ml to] 100 ml are
normally added to equal volumes of double-strength liquid media.

For volumep greater than 100 ml, more concentrated liquid media may bé used. For large liqyid samples,
sterile dehydrated culture media may be dissolved in the cold (or pré-warmed to 30 °C) sample before
testing.

The time lapse between preparing the initial suspension of a sample and inoculation of the lastj tube, flask,
bottle or w¢ll should be less than 30 min.

11.3.5 Chgice of MPN configuration

11.3.5.1 Gpneral

Make a choice of MPN configuration according:te:

— the explected number of microorganisms in the sample under investigation;
— regulatpry requirements;

— the prerision needed;

— any otHer practical considerations.

The uncertginty of the-test results depends on the number of positive test portions observed fin a similar
way to the fincertainty'of a colony count depends on the number of colonies on a plate. Uncertainty changes
as a function of the.square root of the number of tubes (or other containers) used, since precisign increases
with increaging.numbers of replicate tests. But it is necessary to quadruple the number of tubes fto halve the
uncertainty. When systems use only a few replicate tubes, the relative uncertainty is high.

Use tubes, flasks or bottles of sufficient size for the total volume of medium plus inoculum and, if appropriate
to the method, still leave a headspace above the inoculated medium.

Multi-well plates are only suitable for small volumes.

11.3.5.2 Single dilution system

When the expected concentration of microorganisms is low or expected to vary only moderately, the most
appropriate inoculation system is a single series of equal test portions.

Where the expected ratio between the maximum and minimum number of microorganisms is less than 25,
10 parallel test portions is the smallest number expected to provide useful information; with 50 parallel
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tubes, a ratio of 200 is the limit. If the actual concentration is near the extreme of the possible MPN values,
then the chance of all growth or all no-growth tubes is probably too high.

11.3.5.3 Multiple dilution system

When the concentration of microorganisms in the sample is unknown, or if greater variation is anticipated
in concentration between different samples, it can be necessary to inoculate series of tubes from several
dilutions. Inoculate a sufficient number of dilutions to ensure a system with both positive and negative
results.

11.3.5.4 Symmetric dilution system

The most commonly applied symmetric MPN system uses three or five parallel tubes per dilution. The
precision obtained with these systems with small numbers of tubes per dilution is very low. Regults from a
three-tube flesign are hardly more than an indication of the order of magnitude of the concentration. If more
precision is|required, five or more parallel tubes should be chosen.

11.3.5.5 Npn-symmetric dilution system

Non-symmg
to estimate

Occasionall

tric systems have different numbers of tubes at different dilution levels and should K

y a tube, flask or bottle can be lost or broken leading to a ien-symmetrical system

numbers of microorganisms within a well-defined range (see, far eXample, ISO 8199).

e used only

Also, some

commercial test kits are based on non-symmetrical systems.

11.3.6 Incpbation

Incubate th
an incubat

e inoculated tubes, flasks or bottles in an incubater or in a water bath. Place multi-wjell plates in

]r.
Use the incyibation temperature and duration stated.in the specific standard.

For some m
Refer to the
MPN values

icroorganisms, a two-stage incubation procedure and/or a confirmation step can b¢

specific standards for details but hote that this can add a complication to the deriv
[48]

P necessary.
ation of the

11.3.7 Interpretation and expression of results

The criteri
microorgan
of positive 1

h that distinguish positive from negative results vary with each microorganism
isms and are defitied in the specific standards. Using these criteria, count and record
esults obtainedwith all the test portions derived from one sample.

br group of
the number

11.3.8 Determination of MPN values using MPN calculators

Itis recommendedthat an MPN calculator be used to determine MPN values from the combinatio
and negativlec¢ubes, flasks bottles or microplate wells at each dilution.

h of positive

These calculators allow input of the results from all portions tested rather than restricting the use to a
certain number of dilutions and replicates, as is so with MPN tables.

The output of the calculator should include an estimate of the 95 % confidence intervals for the MPN,
together with an indication of the probability of occurrence of the combination of results yielding the MPN
(this may be as a rarity index, rarity category, or both; see 11.3.9).

Calculators that fulfil these requirements for 10 g and 100 g test portions are available at: https://standards
dso.org/iso/7218/ed-4/en/
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These are written in Excel® 3) and can be used for up to 10 levels of serial dilution. Details of the calculations
are described in Reference [58].

Guidance on the use of the 10 g calculator is also given on the above link, together with the verification
document.

Guidance on the use of the 100 g calculator, which was designed specifically for testing shellfish in accordance
with ISO 16649-3, is included in a generic protocol for carrying out such tests. This is also available on the
above link, together with the verification document.

Use positive and negative results from all tubes or wells that have been tested at all dilutions in the MPN
calculator to determine the MPN value. It is not appropriate to select a subset of dilutions from which to

determine the value.

11.3.9 Rar

The MPN cdllculators also yield the decimal logarithm of the MPN value, its standard deviation (S[}

, the lower
index and a
provides a §

Some combiinations of positive tubes are more likely to occur than others. (e.g. a combination

results 0-0-
probability.

The rarity index is a value between 0 and 1. It is 1 if the result ofithe serial dilution test is the

concentrati
testisvery
the results

Categot
to 1,00

Categot
range (
less tha

Categot
the ran|
100 tes

If the MPN
associated

11.4 Estin

ity categories

ind upper confidence limits of the approximate 95 % confidence interval, tegether W
rarity category. The rarity value (based on work by Blodgett, see Refefences [48], [4]
impler approach to assessment of the likelihood that an observed réesult is obtained

pn equal to the estimated MPN. If it is in the neighbourhood of 0, the result of the se
hinlikely for a concentration equal to the estimated-MPN. Following the approach of Ref
hre classified into the following three categories of rarity:

y 1: the MPN value would be highly likely\to occur if its rarity value falls within thg
0,05 <n<1,00 (i.e. such a result would be likely to occur by chance on 95 % of occas

y 2: the MPN value would be expécted to occur only rarely if its rarity value fallg
,01 to 0,05, 0,01 < n < 0,05 (i.e. such a result would be likely to occur by chance with
n 5 % and should only be repotted with caution).

y 3: the MPN value would_be expected to occur extremely rarely if its rarity value
pe 0 to 0,01, 0 < n < 0,01'(.e. such a result would be expected to occur by chance less t
ts).

calculator highlights a tube combination as improbable (i.e. Category 3), do not
MPN value. Whefte possible, request a repeat sample.

nates ofuincertainty of test results

e (enumeration) test results have an uncertainty (imprecision) associated with then

3 is much less likely to occur than the combination 3-2-1). Aarity index is used to qu

), S(logyo M)

yith a rarity
P] and [52])
n a test.

of positive
antify this

most likely
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erence [51],

range 0,05
jons).
within the

h frequency
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Studies and reviews of the various aspects of this topic applicable to microbiology testing are available and
some examples are given in References [50], [57] and [58].

[SO 19036 details the theory of uncertainty applied to quantitative microbiological examinations and
includes methods for laboratories to derive estimates of uncertainty of enumeration results using both solid
and liquid media.

3) Excelis the trade name of a product supplied by Microsoft. This information is given for the convenience of users of
this document and does not constitute an endorsement by ISO of the product named. Equivalent products may be used if
they can be shown to lead to the same results.
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12 Detection (qualitative) methods

12.1 General

Qualitative methods only detect (or not) a particular target microorganism in a given quantity of product

and give no direct indication of the numbers present.

The quantity of product tested is linked to the microbiological criteria and typical examples i

nclude 10 g

or 25 g. The test portion size can be increased, e.g. to 375 g, by taking a larger single test portion or by

pooling. Either samples, test portions or (pre-) enriched test portions can be pooled. Further
given in specific standards and the ISO 6887 series.

details are

This clause gives general information on methods involving culture of the microorganisms sought, but PCR

methods arg also available. Further details are given in specific standards and ISO 22174.

12.2 Pringiple

Unless othgrwise stated in a specific standard, mix (liquid products) or homogenize (other
quantity P ¢f the test portion to be examined with 9 x P ml or 9 x P g of an electiye and/or a sele

To facilitatg the recovery of stressed microorganisms in samples from the feod chain, samples
pre-enrichdd in a non-selective broth followed by selective enrichment and isolation on selective
solid medid. The use of two different enrichment broths, as well as €two or more agar medi
method senfsitivity.

Enrichment broths should be incubated to allow air circulation between them. If containers are v
the risk of gpillage, the temperature should be verified for homogeneity. Requirements for incub)
test portion sizes are included in 6.3.2.4.

After incubption, spread a loopful of the culture obtained over the surface of a selective agar
obtain isolated colonies. Unless otherwise stated, the<dncubated enrichment broths may only be 1
before plat]ng if the impact of refrigeration on results has been evaluated and then only if]
deviation tq the method in the test report.

A number (
using appro¢priate techniques. The selection of colonies for confirmation should include all g
colony typels.

13 Confirmation and identification methods

13.1 Gendral

Confirmatign and identification methods are used to confirm presumptive isolates from both
and quantifative.methods. (Sero)typing is used for further characterization of the isolates wh
(e.g. serotypes’kniown to be pathogenic).

products) a
tive broth.

are usually
differential
h, increases

sed to limit
ating larger

medium to
efrigerated
noted as a

benerally up to five per agar plate) of the colonies obtained after incubation are thenp confirmed

resumptive

qualitative
en relevant

The following two method principles are available for coniirmation ol presumptive 1solates:

acid hybridization, molecular amplification);

galleries, mass spectrometry, sequencing).

confirmation methods that provide positive or negative results (e.g. latex agglutination tests, nucleic

identification methods thatalso provide the identity of anisolate as a confirmation result (e.g. biochemical

Use the reference tests given in specific standards and the general tests according to Annex C. As an
alternative to the serological and biochemical tests specified in these standards, other methods described in

this clause may be used, unless otherwise stated in the specific standards.

Any alternative method used shall be based on a different measurement principle (e.g. DNA, protein,

immunological, biochemical based analysis) than the principle used in the detection or enumerat
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or shall use different markers (e.g. different antibodies, primers). For example, a PCR detection method can
be confirmed by another PCR method based on different primers or probes than the detection method.

When alternative methods are used in a reference procedure, verify that they are suitable, as shown by
evaluation studies provided by the manufacturer or published in the international scientific literature,
preferably relating to food microbiology.

A control certificate should be obtained for each batch of tests, with an indication of the strains used. If
the reference tests are replaced by alternative methods based on different principles (e.g. molecular
amplification or hybridization, mass spectrometry or sequencing), see the appropriate part of the ISO 16140
series for detail of validation procedures.

Verification of validated alternative confirmation and (sero)typing methods only requires implementation

verification

inaccordance with the apprnpriafn parf ofthe ISO 16140 series

Only pure ¢
conduct the
nucleic acid|
if sufficient

13.2 Prep

Begin prep
selected c

b
for subseq

If possible,
cell materig
which the s

13.3 Conf

13.3.1 Lat

A rapid met]
confirmatid
in a microb

When the 14

identificatign of the genus and‘species.

When using
are not proy

13.3.2 Nug

pration of a pure culture

ultures should be used for biochemical and serological confirmation, although'it/is
se directly on discrete colonies from selective agar plates in some cases (e.g} ISO ¢
hybridization and molecular amplification formats, the use of mixed cultures may b
target organism DNA is present.

hration of a pure culture by selecting a single colony on or ifan agar medium. In
ny onto a non-selective agar medium. After appropriate inetfbation, select a well-iso
nt confirmation tests. Repeat the operation if necessaryuntil a pure culture is achig

he confirmation tests should be carried out using cellsfrom a single colony. If there is
1 in one colony, it should first be subcultured in a liquid medium or on an agar slant of
ibculture can be used for the tests to be performed.

rmation methods

px agglutination test

hod employing latex particles coated with group-specific antibodies is commercially :
n of microorganisms such asSalmonella spp. or coagulase-positive staphylococci. Tj
al suspension are tested against a range of latex reagents.

itex test is used for senotyping (e.g. of Escherichia coli 0157), perform it after the co

the reagents,suitable positive and negative controls should be included if internal la
Fided.

leic acid hybridization or molecular amplification methods

possible to
b579-1). For
b acceptable

oculate the
ated colony
bved.

insufficient
plate, after

ivailable for
he antigens

hfirmation/

tex controls

Molecular |

ybridization is the formation of a complementary nucleic acid duplex by associati

bn of single

strands.

PCR and isothermal amplification are enzymatic procedures which combine the in vitro amplification of
specific DNA segments by a process of denaturation, annealing of specific primers and synthesis of DNA
with the detection of specific amplified products during the amplification process.

The laboratory shall specify control strains used to verify the maintenance of primers, probes and molecular
reactions performance. Where appropriate, colonies should be taken from the specific agar medium that is
used for the growth of the isolated colony and be suspended in ultrapure water (or another suitable diluent
if validated for use in a specific method) before nucleic acid extraction.
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For PCR, the requirements given in ISO 22174 should be followed. In addition, general details on performance
characteristics for PCR are given in ISO 22118.

NOTE No specific standard is available describing the use of isothermal amplification for confirmation, but the
above references can provide some guidance.

13.3.3 Slide agglutination tests

When serological characterization is required, perform it on isolated colonies after confirmation/
identification of the genus and species.

Antigen-antibody reactions in microbial culture suspensions cause bacterial cells to clump together and
form flocculent masses or dense granules. In the case of bacteria of the family Enterobacteriaceae, the
reaction bepweenthe-H{reflageHarjantigerna ogotsantiserumresuttsinfloeerdent clumping,
whereas th¢ reaction involving the “0” (i.e. somatic) antigen results in more dense, granularlutnping.

Before agglutination with antisera, a test should be carried out to determine whether'the bafterial cells
agglutinate|in 3 % (by mass) sodium chloride solution. If the bacterial cells agglutinate, the strain is
autoagglutipable and should not be tested with antisera.

Commercially available antisera are of the following two types:

— polyvalent antisera which react with microorganisms of a particular genus or with groups|of serovars
and whiich are suitable for preliminary screening;

— specifi¢ monoclonal antibodies, the use of which allows identifi¢ation of a particular serovar.

When using the reagents, include suitable positive and negative'controls alongside the tests.

13.4 Identification methods

13.4.1 BiThemical galleries
Biochemical galleries may be used for identification of isolated colonies.

Verify that|the galleries are suitable, as .shown by evaluation studies provided by the manyfacturer or
published i the international scientifieliterature, preferably relating to food microbiology.

The manufacturer should also specify control strains for the laboratory to verify performance of new
batches of galleries in routine use.

Ensure the|galleries includé;as a minimum, the biochemical tests described in specific standards or are
supplemented by other suitable tests and follow the manufacturer’s instructions for use.

13.4.2 DNA sequencing

This technplogy ‘generates sequences which are unique signatures for each microorganismh. Accurate
microbial identification at genus or species level is obtained by comparing the sequence(s) to a database or
library.

DNA sequencing methods, including Sanger sequencing and next generation sequencing (NGS), may be used
for identification of isolated colonies. Sequencing can be applied either directly to nucleic acid purified from
the isolate or to PCR amplicons generated from the isolate using either specific or generic primers. Certain
sequencing methods may also be used for identification in complex microbial ecosystems, e.g. enrichment
broths, environmental or food samples.

Sanger sequencing is a method of DNA sequencing based on the selective incorporation of chain-terminating
dideoxy nucleotides by DNA polymerase during DNA replication.

NGS gather various high-throughput technologies which determine a portion of the nucleotide sequence
of an individual genome. These NGS technologies are capable of processing multiple DNA sequences in
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parallel. The most widely used genes for identification purposes are ribosomal RNA (rRNA) encoding genes
(rDNA), as they are recognized phylogenetic markers. Other housekeeping genes are recognized as well as
phylogenetic markers and can therefore be used (e.g. rpoB or gyrA). Some possible target sequences can be
of interest to discriminate some specific phyla or serogroup (e.g. panC to discriminate phyla in the Bacillus
cereus group). The generated sequences are compared to the available database using dedicated software.
Various technology principles are available. For these, use the workflow recommended by the manufacturer.

NGS provides high-throughput access to microbial whole genome sequences (WGS) for use in microbiology
of the food chain. WGS are digital representations of the biological potential of the sequenced microorganism
at single base resolution and have advantages over other technologies, such as serology. For general
requirements and guidance, see ISO 23418.

Sequencing methods should be validated for use for this purpose, as shown by evaluation studies published

in the interpatiomatsctentifictiterature; preferably retatingtofood microbiotogy,amdimaccordamce with the
appropriatg part of the ISO 16140 series.

13.4.3 Masjs spectrometry

This technqlogy generates characteristic mass spectral fingerprints which are unique signatufes for each
microorgarfism. Accurate microbial identification at genus or species levels is(obtained by comparing the
spectrum t¢ a commercial database.

The most uped mass spectrometry technology is matrix-assisted laser desorption/ionization-time of flight
mass spectfometry (MALDI ToF MS).

For bacterig and yeasts, the usual workflow is as follows:

— collect f portion of an isolated colony on a culture mediumgplate and smear a thin layer on ong spot of the
MS target;

— overlay|the spot with a saturated solution of alpha-c¢yano-4-hydroxycinnamic acid matrix and gllow to dry;
— introdyce the target into the mass spectromettyinstrument for spectrum acquisition.

Depending on the microorganisms, specificinactivation and/or extraction protocols from solid or liquid
cultures caf be needed to obtain a spectrum.

Each sample is subjected to multiple~laser shots, so the sample molecules vaporize into the vacuum
while being ionized at the same time:A spectrum is generated and compared to a database fgr organism
identificatign via dedicated software.

Various technology principles.are available. For these, use the workflow recommended by the mgnufacturer.

Use the appropriate medja-dnd control strains specified by the manufacturer to verify the performhance of the
system and|the reagents: When using the reagents, suitable positive and negative controls should be used.

Mass spectfometsy should be validated for use for this purpose, as shown by evaluation studigs published
in the interpational scientific literature, preferably relating to food microbiology, and in accordalllce with the
appropriatd part of the [SO 16140 series

14 Selection and characterization of control microorganisms

14.1 General

Microorganisms and their derivatives are used for performance testing of culture media, quality control
of tests, method validation and verification, and challenge testing. They are also used for preparation of
samples for distribution in PT schemes. These microorganisms are selected based on their end use. Typically,
the positive control possesses the same characteristics as the target in a test, while the negative control is
one that lacks those defining characteristics. Their inclusion in tests is used to confirm the validity of the
test results.
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14.2 Characterization of microorganisms

14.2.1 General

Microorganisms have traditionally been characterized phenotypically. With advances in molecular testing,
microorganisms can now be characterized using such techniques. It is important to note that identifications
do not always fully align when both molecular and phenotypic methods are used. This is because the
techniques detect different targets: molecular techniques target different entities (e.g. DNA, RNA, proteins,
carbohydrates), whereas phenotypic techniques are based on the physical appearance and biochemical
reactions of the living microorganism. Also, the presence of a gene for a particular trait does not mean that
the trait will be expressed.

[t is important, therefore, that the microorganism is characterized using techniques that are appropriate for

its end use.

14.2.2 Phenotypic characterization

Microorganfisms are typically characterized by their appearance on culture media, mjcroscopic 1

and their

serological fests. These characteristics have been utilized to isolate and identify.(and, in some cg

the target

14.2.3 Mo
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patterns). T
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ganisms in culture-based methods.
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isms are characterized by their molecular properties\(e.g. DNA, RNA, proteins, c3
hese molecular characteristics are utilized to identifyrand/or characterize the target

n of test controls is critical as microorganisms, including strains within the same spq
hnd phenotypically variable.

strains used shall be fit for their intended purpose. Tests based on biochemical reacti
characterization whereas tests based on the molecular make-up of the target requir
qtion.

characterized and shown to possess the properties required for their end-use.l
rd laboratory strains’/from related sources (food, feed, environment, clinical sa
btc.), sometimes reférred to as “wild strains”, can also be used in addition to strains f;
These laboratory strains should be maintained to ensure minimal genetic drift (see

of characterization required depends on how the control microorganisms are to 4
follows:

hance testing (quality control; QC) of culture media' The purpose is to demonstrate t

morphology
emical and
ses, define)
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SO 11133).

e used. For
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microorganisms. As media quallty underpins all tests the controls used should be well-characterized

strains

from culture collections.

Test (or process) controls: Microbiological tests exploit one or more microbial characteristics to

differentiate between the microorganism(s) in the target group and those that are not. Controls are
used to demonstrate that the tests have been correctly performed. Strains from culture collections are
normally used for this purpose. However, laboratory strains may also be used if they are thought to
provide more insight into the suitability of the test method. These strains should be shown to possess the
properties sought in the test. For example, a laboratory strain for use as a control in a test for E. coli should
be a Gram - rod that grows on the selective medium used and is able to grow at 44 °C and produce indole.

Method validation and verification: During method validation the test method is challenged with a

variety of target and non-target organisms to demonstrate that it can detect or enumerate the target in
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selected matrices. The method performance characteristics are also determined to show they meet the
requirements for the intended use. In addition to strains from culture collections, laboratory strains,
especially if they are from sources relevant to the matrix tested, are useful as they can provide insight
into the performance of the method when challenged with relevant biodiversity. Such strains should
be characterized to a sufficient taxonomic level and possess the specific properties sought in the test
(e.g. growth according to the test conditions, motility or not, development of characteristic colonies on
the test culture media). They should be maintained to enable future testing. Strains used for verification
studies should be well-characterized, to the level specified for the test target. Ideally, these strains are

obtained from culture collections.

NOTE

For further information about method validation and verification, see Clause 17 and the ISO

16140 series.

Challenge testing: The purpose of challenge testing is to determine the growth or the inactivation of
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16 Laboratory quality control in microbiology

16.1 General

Uncertainty estimates can also be necessary when reporting statements of conformity to specification limits.

Microbiological examinations involve many complex operations from sampling to the calculation and
reporting of results, all of which shall be carried out competently in order to give valid test results.

These operations are discussed in Clauses 4 to 17, and are illustrated in Figure 1.

N

Quality conftrol is,a key part of a laboratory quality assurance programme to ensure the relial

results. The

reagents, ag

Premises
(Clause 4)

Validation
and Personnel
verification (Clause 5)

(Clause 17)

Control
microorganisms:
internal and

Equipment and
consumables, including

Valid

external quality test § Calibr.ation 'ar.ld che.cks,
control 1 cleaning, disinfection,
(Clauses 14 results sterilization
(Clauses 6 and 7)

and 16)

Test and
confirmation
methods
(Clauses 10
to 13)

Preparation
and use of
culture media
(Clause 8)

Laboratory

samples
(Clause 9)

Figure 1= Factors affecting the validity of microbiological test results

quality assurance programme should cover all equipment and consumables, culturg

ility of test
e media and

well as training and competence of personnel

Quality control of each step of the testing process from beginning to end at a defined frequency gives
confidence in the validity of test results. Additional key components of the quality assurance programme are
IQC carried out alongside sample examination and external quality assurance (EQA) through participation
in an appropriate PT scheme.
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