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Foreword

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

Intern
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htional Standards are drafted in accordance with the rules given in the ISO/IEC Directives,

btional Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
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Introduction

When conducting microbiological examinations, it is especially important that
— only those microorganisms which are present in the samples are isolated and enumerated;

— the microorganisms do not contaminate the environment.

In order to aghieve this, it is necessary to pay attention to personal hygiene and to use working-techmniques

which ensure| as far as possible, exclusion of extraneous contamination.

Since, in this [International Standard, it is possible to give only a few examples of the precautions to be
during microbpiological examinations, a thorough knowledge of the microbiological techniques and
microorganisms involved is essential. It is important that the examinations are conducted as accurat|
possible, incliding monitoring and recording aspects that may affect results and calCulation of the num
microorganisms and the uncertainty of the results.

Ultimately, it is the responsibility of the head of the laboratory to judge whether the manipulations are sa
can be considered to be good laboratory practice.

A large numper of manipulations can, for example, unintentionally*lead to cross-contamination, ar
analyst should always verify the accuracy of the results given by his-or her technique.

In order to cgnduct the examinations correctly, it is necessary to take certain precautions when constr
and equipping the laboratory.

Certain precautions must be taken, not only for reasans of hygiene, but also to ensure good reproduci

taken
of the
ely as
ber of

fe and

d the

ucting

ility of

the results. Ik is not possible to specify all thexprecautions to be taken in all circumstances, but this

International $tandard at least provides the main-measures to be taken when preparing, sterilizing, stori
media, and uging the equipment.

If the guidanck given in this International Standard is followed, this will also contribute towards maintaini
health and safety of personnel. Additional information on this subject is to be found in the literature listed
Bibliography.

In order to digtinguish the guidance in this International Standard, it has been printed in a different tyy
(Times New Rpman).

ng the

ng the
in the

eface
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Microbiology of food and animal feeding stuffs — General
requirements and guidance for microbiological examinations

1

This International Standard gives general requirements and guidance/options intended for three

The requirements of this International Standard supersede-the corresponding ones of ex
standards.

Additipnal instructions in the field of molecular biology examinations are specified in ISO 22174.

This
supplémented with specific guidance for priofis, parasites and viruses. It does not cover the e
toxins|or other metabolites (e.g. amines) from’ microorganisms.

This International Standard applies tto the microbiology of food, animal feeding stuffs, the fo
envirgnment and the primary production environment.

The pprpose of this International Standard is to help to ensure the validity of food microbiology
to asdist in ensuring that_the general techniques used for conducting these examinations are th
tories, to help achieve homogeneous results in different laboratories, and to contribut¢ towards the
safety] of the laboratory personnel by preventing risks of infection.

labord

2 Normative references

The fpltowing referenced documents are indispensable for the application of this docume

Scope

implementation of ISO/TC 34/SC9 or ISO/TC 34/SC 5 standards for detection."or en
icroorganisms, named hereafter “specific standards”;

3

bod laboratory practice for food microbiological laboratories (the purpose)is not to deta
nternational Standard, manuals are available for that purpose);

=5 Q

glidance for accreditation of food microbiological laboratories (this International Standard
tgchnical requirements according to Annex B of ISO/IEC47025:2005 for the accre
njicrobiological laboratory by national organizations).

nternational Standard covers examination for bacteria, yeasts and moulds and ca

main uses:

umeration of

| them in this

describes the
ditation of a

sting specific

n be used if

amination for

bd production

examinations,
e same in all

ht. For dated

references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 835 (all parts), Laboratory glassware — Graduated pipettes

ISO 6887 (all parts), Microbiology of food and animal feeding stuffs — Preparation of test samples, initial
suspension and decimal dilutions for microbiological examination

ISO 8199, Water quality — General guidance on the enumeration of micro-organisms by culture

ISO 8261, Milk and milk products — General guidance for the preparation of test samples, initial suspensions
and decimal dilutions for microbiological examination

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=d01ea11eff12aaf68cc5cde692910261

ISO 7218:2007(E)

ISO 8655-1, Piston-operated volumetric apparatus — Part 1. Terminology, general requirements and user
recommendations

ISO/TS 11133 (all parts), Microbiology of food and animal feeding stuffs — Guidelines on preparation and
production of culture media

ISO 16140, Microbiology of food and animal feeding stuffs — Protocol for the validation of alternative methods

ISO/TS 19036, Microbiology of food and animal feeding stuffs — Guidelines for the estimation of
measurement uncertainty for quantitative determinations

ISO 22174, Microbiology of food and animal feeding stuffs — Polymerase chain reaction (PCR) for the
detection of f¢od-borne pathogens — General requirements and definitions

3 Premises

3.1 General

This clause dives general requirements, e.g. the principles of design and organization, for the layodt of a
microbiological laboratory.

Examination of primary production stage samples (especially for sample reception and sample preparation)
shall be sepafated from examination of other samples to reduce the risks.of cross-contamination.

3.2 Safety|considerations

The laboratorly design shall comply with safety requirementsowhich will depend on the type of microorganism.
To this end, niicroorganisms are classified in four risk categories:

— Risk catégory 1 (no or very low risk to the individual and to the community).

A microofganism that is unlikely to cause htimian or animal disease.

— Risk catégory 2 (moderate risk to the.individual, low risk to the community).

A pathogen that can cause human-or animal disease but is unlikely to be a serious hazard to labgratory
workers, [the community or the‘environment. Laboratory exposures may cause serious human infe¢ction,
but effeclive treatment and-preventive measures are available and the risk of spread of infection is limited.

— Risk cat¢gory 3 (hightrisk to the individual, low risk to the community).

A pathogen that usually causes serious human or animal disease but does not ordinarily spread from one
infected individual to another. Effective treatment and preventive measures are available.

— Risk category 4 (high risk to the individual and to the community)

A pathogen that usually causes serious human or animal disease and that can be readily transmitted from
one individual to another, directly or indirectly. Effective treatment and preventive measures are not
usually available.

WARNING — Refer to national regulations which will define, in particular, the risk category of the
microorganisms encountered within the boundaries of the country concerned.

3.3 Laboratory design

The guidelines for laboratory layout described below cover examinations for the detection of microorganisms
belonging to risk category 1, 2 and 3 for food microbiology.

2 © 1SO 2007 — All rights reserved
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It should be noted that additional safety measures may be necessary depending on local legislation.

3.4 Laboratory areas

3.4.1

General

The laboratory comprises areas associated with samples and testing (see 3.4.2) and general areas

(see 3

3.4.2

.4.3). These shall be separated.

Areas associated with samples and testing

It is cansidered good practice to have separate locations, or clearly designated areas, for the following:

— Iq

[¢]

— storage of reference and other strains;

— st

[¢]

o

— st

343

Separa

— emtrances, ¢orridors, stairways, lifts;

&

Xamination of samples (from the initial suspension), including incubation of microorganisms;

¥amination of foodstuffs for sterility;

ceipt and storage of samples;

eparation of samples, particularly in the case of raw materials (e.g. powdered prodyucts containing
[ microorganisms);

anipulation of presumptive pathogens;

eparation and sterilization of culture media and equipment;

prage of culture media and reagents;

bcontamination;
eaning of glassware and other equipment;
porage of hazardous chemicals,,preferably kept in specially designated cabinets, cupboards, rooms of

General areas

te areas should'be.considered for the following:

iministrative areas (e.g. secretarial, offices, documentation rooms, etc.);

— cloakrooms and toilets;

— archive rooms;

— st

ores;

— rest rooms.

© 1SO 2007 — All rights reserved
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3.5 Layout and fittings of the premises

3.51

Objectives

The objective is to ensure that the environment within which the microbiological examinations are carried out
does not affect the reliability of the test results.

Arrange the premises so as to avoid risk of cross-contamination. Ways to achieve this objective are, for

to construct the laboratory according to the “no way back” layout principle;

example:

a)

b) to carry g
integrity

c) tosepars

Avoid extrem

Space should 1
with the volun
required by natjional regulations, when such exist.

3.5.2 Fittings
The test premi
by dust and thg
a) The walls
laboratori
b) Floors shd
¢) Overhead
overhead
d) Windows
Furthermd
The ambi
be compa
recommer
e) An adequ
culture mq
f)  When tes
g)

ut procedures in a sequential manner using appropriate precautions to ensure test and\s
e.g. use of sealed containers);

te activities in time or space.
b conditions such as excess temperature, dust, humidity, steam, noise, vibration, etc.

e sufficient to allow work areas to be kept clean and tidy. The space required should be commel
e of analyses handled and the overall internal organization of the laboratory. The space should

es should be constructed and equipped in the following ways in order to reduce the risk of contam
refore by microorganisms (for risk category 3 microorganisms, refer to national regulations).

ceilings and floors should be smooth, easy to clean and resistant to detergents and disinfectants
PS.

uld be slip-resistant.

pipes conveying fluids should not cross the premises unless they are hermetically enclosed. Anj
tructures should be covered orreadily accessible for regular cleaning.

and doors should be able to be closed when conducting the tests in order to minimize dr
re, they should be deSigned so as to avoid the formation of dust traps and thus facilitate their clg
bnt temperature (1826 to 27 °C) and air quality (microorganism content, dust spreading rate, etc.)
tible with carrying out the tests. A filter ventilation system for incoming air and for outgoing
ded for this purpose.

te extraetion system should be installed to prevent exposure to dust arising from handling of dehy
dia,cand"dusty or powdered samples.

ample

nsurate
be as

Ination

ised in

other

hughts.
baning.
should

air is

drated

1 1 1 1 . . 1 1 1 111 LT - 1
dIT 10 DU TONUUCLICU IIT' 4 TOW=CUIIAIIIIdUOIT daUITOSPIICIC, LIC TOUIT SHOUIU DT SPpClIdlily TUUIPPCU

clean laminar airflow cabinet and/or a safety cabinet.

with a

If necessary, the laboratory environment should be protected from the harmful effects of solar radiation by use of
shutters or suitably treated glass panels. Internally installed blinds are not suitable as they may be difficult to clean

and could

become a source of dust.

3.5.3 Other points

The following points should be considered:

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

© 1SO 2007 — All rights reserved
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availability of electricity;
availability of gas (piped or bottled);

adequate light in every section of the laboratory;

laboratory bench tops and furniture manufactured in smooth, impermeable material that is easy to clean and

disinfect;

laboratory furniture designed so as to facilitate cleaning the floors (e.g. movable furniture);

o

Yailability of storage facilities for storing documents used when manipulating the samples, ‘culture 1
efc.;

ovision of hand wash-basins in each testing room and, if needed, in general areas, preferably near tf]

=

&

yailability of an autoclave for destruction of contaminated waste materials and culture media, unless
ystem for removal of contaminated waste for incineration is in place;

w2

ptovision of safety systems to cover fire, electrical emergency and eémergency shower and eyewash fa

ovision of first aid facilities.

o

Cleaning and disinfection

The following points should be checked.

a)

b)

4

4.1

The floors, walls, ceilings, laboratory bench tops, furniture, and junctions between these should 1
rdgular maintenance and repair in ordertoavoid cracks which may act as a source of contamination.

Rlegular cleaning and disinfection.should be carried out in order to keep the premises in a conditi
nducting tests. Contaminated _or potentially contaminated surfaces should be decontaminated usi
known to be bactericidal and fungicidal.

o

NOTE 1 Rooms and equipment can be decontaminated by fumigation with formaldehyde vapour, if alloj
rdgulations.

—J

he ventilatiofrsystems and their filters should be regularly maintained and filters changed when nec

—J

he microbiological quality of laboratory working surfaces, staff contact surfaces, and air should
dgulacly (the frequency depends on the results of previous testing).

—

Rent in the testing

hedia, reagents,

e door;

an appropriate

cilities;

e subjected to

on suitable for
ng disinfectant

wed by national

PSsary.

| be monitored

Surface contamination may be estimated by directly applying to the surface a contact plate containing suitable
neutralizing agents against sanitizers (e.g. lecithin, sodium thiosulfate). The air quality may be examined by
exposing for 15 min an open Petri dish containing a non-selective agar medium (e.g. plate count agar — PCA) or a

selective agar appropriate for the target microorganism sought (e.g. mould).

NOTE 2 Other methods can also be used in order to estimate contamination of surfaces and the air. See ISO 18593.

Staff

General

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

© 1SO 2007 — All rights reserved
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4.2 Competence

For each method or technique, objective criteria shall be defined for assessment of appropriate competence,
both initially and on an ongoing basis.

The competence may be established within the laboratory by internal quality control (see 15.1.2).

NOTE One of the means of investigating the cause of poor performance (pipetting, poor homogeneity of the initial suspension,
counting, etc.) in the case of enumerations by counting colonies is given in ISO 14461-1.

4.3 Verification of on-going staff competence

Verification off on-going staff competence should be evaluated regularly against objective parameters. This \ifjcludes
participation ir] internal quality assurance programmes, proficiency tests (see ISO/IEC Guide 43-1), the us¢ ofreference
materials or by|self-assessment tests for enumeration of microorganisms as described in ISO 14461-2.

4.4 Hygiene

The following| personal hygiene precautions shall be taken in order to avoid contaminating the samplgs and
culture medialand to avoid the risk of infection of personnel.

a) Wear prgperly fastened laboratory clothing that is clean and in good cordition, manufactured from a|fabric
which limits the risks of flammability. This clothing shall not be worn outside the work areas and, pogsibly,
cloakrooms.

b) Wear pratection for the hair and beard, if necessary for the integrity of the sample.

c) Keep nails clean and preferably short.

d) Wash hapds thoroughly in lukewarm water, preferably delivered by a non-manually operated tap, pefore
and aftel microbiological examinations and immediately after visiting the toilets. Use liquid or ppwder
soap or, possibly a sanitizer, delivered preferably by a dispenser maintained in clean condition. For drying
hands, yse single-use paper or single-use’ cloth towels. These precautions are applicable bpth to

laboratory staff and visitors.

e) When warking with exposed samples; cultures, media, and when inoculating, avoid speaking, coughing,
etc.

f)  Persons having skin infections or illnesses shall take precautions where microorganisms from these are
likely to dontaminate samplés and may invalidate results.

g) Do not gat or drinky\in the laboratory and do not put food for personal consumption in the labqratory
refrigeratprs or freeZers.

h) Mouth pipetting is prohibited.

5 Apparatus and equipment

5.1 General
In accordance with good laboratory practice, all apparatus and equipment should be kept clean and in good working
condition. Before use, equipment should be verified as fit for the intended purpose and its performance monitored during

use, where appropriate.

Where necessary, equipment and monitoring devices should be calibrated to traceable national standards, and
recalibration and any necessary intermediate checks performed, and procedures and results documented.

6 © 1SO 2007 — All rights reserved
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Equipment should be regularly checked and maintained to ensure safety and fitness for use. Equipment should be
monitored according to the working conditions and the accuracy demanded for the results.

The frequency of calibration and verification checks of each item of equipment is, in most cases, not specified
in this International Standard, since it shall be determined by each laboratory, depending on the type of
equipment and on the laboratory’s level of activity, and in accordance with the manufacturer’s instructions. In
a limited number of cases, a frequency has been specified since it was considered to be essential.

Apparatus and equipment shall be constructed and installed to facilitate operation and to allow for ease of
maintenance, cleaning, decontamination and calibration.

on the practical tolerance required to demonstrate suitable control of equipment in rou
acy stated is related to the metrological uncertainty of the device (see ISO Guide 99).

For temperature control equipment, check the stability and homogeneity of the_temperature bef

5.21

A pro

ter any repair or modification which might have an effect on the temperature control.
Protective cabinets

Description

ective cabinet is a work station with horizontal or~vertical laminar airflow to remove d

particles, such as microbes, from the air.

The maximum tolerable number of particles per.cubic metre with a size greater than or eq
repregents the dust-spreading class of a safety.cgabinet. For cabinets used in food microbiology,
particles shall not exceed 4 000 per cubic metre.

Cabingts for use in food microbiology laboratories are of four types.

a)

(@)

lass | safety cabinets are jopen-fronted exhaust-protective cabinets that are intended
berator and the environment-but will not protect the product from extraneous contaminati
rifected aerosols will be~contained within the cabinet and trapped by impaction on the filte
r is normally discharged to the atmosphere; if this is not done, the air shall pass throu
filters mounted in series. They are not recommended for work with risk category 3 pathoge
the difficulties in4naintaining and ensuring appropriate operator protection.

Q5 O

Qlass Il safety cabinets protect the product, the operator and the environment. They rec
filtered airnexhaust some to the atmosphere and take in replacement air through the wor
thereby providing operator protection. They are suitable for work with risk category 3 pathog

rizantal lomainar A dflang ~nohinate ettt tha vanel A ~antarainatian bt hiag, N aner~al

erned and not

en. These are
tine use. The

ore initial use

st and other

bal to 0,5 um
he number of

o protect the
bn. Potentially
r. The filtered
gh two HEPA
s because of

rculate some
King aperture,
ens.

a fr
ZoTrarart i ar Ooto v Caom oo ProtC T tC WO T O T CoTrar i aa o, Ut orovw oty acro

Is generated

into the operator’s face. Therefore they are not suitable for handling inoculated cultures or preparation of

tissue culture.

Vertical laminar airflow cabinets protect the product by the use of vertical laminar flow of HE

PA-filtered air.

They also protect the operator by the use of internally recirculated air. They are particularly suitable for

providing an aseptic environment for handling sterile products and for protecting the o
handling powders.

perator when

Use protective cabinets for all work involving the handling of pathogens and contaminated powders, if required
by national regulations.
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The use of a gas burner or wire incinerator is not recommended in protective cabinets. If it is necessary, the gas burner
should have a small flame so that the airflow is not disturbed. The use of disposable equipment (loops, pipettes, etc.) is a
suitable alternative.

5.2.2 Use
Cabinets should be kept as free of equipment as possible.
Where practicable, place everything needed inside the cabinet before starting work to minimize the number of

arm movements into and out of the working aperture. Position equipment and materials so as to minimize
disturbance to the airflow at the working aperture.

Operators shoulld be adequately trained in the correct use of cabinets to ensure their safety and the integrity of the product
or culture.

5.2.3 Cleanjng and disinfection
Clean and diginfect the working area after use with appropriate and non-corrosive disinfectant in accordance
with the mandifacturer’s instructions. Regularly examine wire grids protecting prefiltérs and wipe clean with a
disinfectant-spaked cloth.

For laminar flpw cabinets, the filter face should be vacuum cleaned regularly, gaking care not to damage th¢ filter
medium.

Safety cabinety should be fumigated before filter changing or servicing.

After cleaning|of the cabinets, UV lamps may be used for disinfection. UV lamps should be regularly cleangd and
replaced in accprdance with the manufacturer’s instructions.

5.2.4 Maintgenance and inspection

Use protectivg cabinets that are appropriate for.the-intended application and environmental conditions|in the
laboratory.

The efficiency of a protective cabinet shall be checked by a qualified person on receipt and thereafter at
regular intervals as recommended by theymanufacturer, as well as after any repair or modification.

Periodic verifigation of freedom fronmany microbial contamination should be carried out by a check of the working
surface and walls of the cabinet.

A periodic verlfication of the number of airborne microorganisms present should be carried out during operation| of the
filters using th¢ usual eq@ipment. For example, expose several open Petri dishes containing a non-selective agar fulture
medium (e.g. PCA) in €ach cabinet for 30 min. Other methods may be used.

5.3 Balang¢es’and gravimetric diluters

5.3.1 Use and measurement uncertainty

Balances are mainly used for weighing the test portion of the sample to be examined and the components of
the culture media and reagents. In addition, they may be used for carrying out measurements of dilution fluid
volumes by mass.

Gravimetric diluters are electronic instruments consisting of a balance and programmable liquid dispenser and
are used during the preparation of initial sample suspensions; they function by adding diluent to a subsample
at a set ratio. The subsample is then weighed to the tolerance specified in the application, and the diluter set
to dispense sufficient diluent for the ratio required (e.g. 9 to 1 for decimal dilutions).
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A food microbiology laboratory shall be equipped with balances of the required range and measurement
uncertainty for the different products to be weighed.

Unless otherwise stated, the maximum permissible errors should be 1 % or better when weighing out test samples.

Place the equipment on a stable horizontal surface, adjusted as necessary to ensure that it is level and
protected from vibration and draughts.

5.3.2 Cleaning and disinfection

Equipment should be cleaned and disinfected after use or following spillage during weighing with an appropriate and

dicianfaat +
non-cqtrrostve-atstireetat:

5.3.3 | Performance verification and calibration
The performance of the balance system shall be regularly verified during use and.afier cleanipg with check
weighfs by a trained person. Calibration shall be checked across the entire rangé by a qualified person at a
frequgncy dependent on use.

Check|weights may also be verified immediately after calibration of the balance.
5.4 |Homogenizers, blenders and mixers

5.4.1 | Description
This gquipment is used to prepare the initial suspension from the test sample of non-liquid produfts.
The following apparatus may be used:

peristaltic blender (stomacher) with sterile bags, possibly with a device for adjusting speed and timd; or

&

— ajrotary homogenizer (blender), the notional speed of which is between 8 000 r/min and 45 000 r/min{inclusive, with
terilizable glass or metals bowls equipped with covers; or

w2

— a|vibrational mixer (pulsifier)with sterile bags; or

o

nother homogenizing system with equivalent efficiency.

In certain cases, manual “mixing may be carried out using sterile glass beads having an appropriate diameter
(approkimately 6 mmysee ISO 6887-2 to ISO 6887-4 and ISO 8261).

5.4.2 | Use

The usGal operating time of a peristaltic homogenizer is 1 min to 3 min (see ISO 6887-2 to ISD 6887-4 and
ISO 8261 forspecific foods).

Do not use this type of apparatus for certain foodstuffs, such as:
— products 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).

The rotary homogenizer shall operate 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.
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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 prior to processing.

Glass beads can be used for the preparation, by shaking, of the initial suspensions of certain viscous or thick products, in

particular certa

5.4.3 Clean

in dairy products (see specific standards).

ing and disinfection

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

For rotary hom

5.44 Maint

Inspect and n

. 1 dctasals +la. 1 tallo 1 o6 1.
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enance

aintain equipment in accordance with the manufacturer’s instructions.

5.5 pH meter

5.5.1 DescrH

A pH meter i
electrode ang
measuring to
equipped with

NOTE Thg

5.5.2 Use

A pH meter if
during prepar

It may also be
the standard sp
adjustment of't

Adjust the pH
temperature,
decimal placg

NOTE Thg
units. Using elec

5.5.3 Verific

iption
used to measure the potential difference, at a determined temperature, between a mea

an accuracy of + 0,05 pH units and its resolution shall be 0,01 pH units. The pH meter sk
either manual or automatic temperature compensation.

measuring electrode and the reference electrode are usually grouped together in a combined electrode system.

used to measure the pH value of culture'media and reagents to check if adjustment is n
htion and as a quality check after sterilization.

used to measure the pH value of samples and sample suspensions. The use of a pH meter is discu;
ecific to the product to be analysed; in which the conditions for the determination of the pH value
he pH value are specified.

meter as indicated-in_the manufacturer's manual to measure the pH value at a standa
e.g. 25 °C. Readthe“pH value after stabilization has been reached. Record the value
S.

reading may be-considered stable when the pH value measured over a period of 5 s varies by not more than
trodes in géod condition, equilibrium is normally achieved within 30 s.

tation‘and gauging

suring

a reference one, both electrodes being introduced into the” product. It shall be capable of

all be

ceded

bsed in
ind for

rdized
o two

,02 pH

Verify the pH meler in accordance with the manufacturer’s instructions, using at least two, and preferably
three, standard buffer solutions at least daily before use. Define maximum permissible errors for this
verification, depending on the use.

The standard solutions 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 standards used shall encompass the pH value to be measured.

After the verification of the pH meter with the two traceable standard buffer solutions, the pH should be checked by the
use of a third buffer, namely a control buffer, e.g. pH 5 or 8.

Gauge the pH meter when the verifications give a result falling outside the maximum permissible errors and in
accordance with the manufacturer’s instructions.
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This gauging may be followed by a calibration which would allow the measurement uncertainty of the pH meter to be
estimated.

5.5.4 Maintenance

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

— the condition of the electrodes with respect to ageing and soiling, and

— the response time and stability.

Rinse|the electrodes with distilled or deionized water after each use. In order to take into acconlknt the soiling
and ageing of the electrodes, regularly clean them more thoroughly in accordance withthe manufacturer’s
instrugtions.

Store fthe electrodes in accordance with the manufacturer’s instructions.
5.6 |Autoclave

5.6.1 | Description

An adtoclave enables a saturated steam temperature to be attained in the chamber, and is| used for the
destryction of microorganisms.

The aftoclave should be equipped with
— af least one safety valve,
— aldrain cock,

N

regulation device allowing the temperature in the chamber to be maintained to within =3 °( of the target
mperature (to take into account the measurement uncertainty associated with the measuring thermogouple), and

o &

o

temperature probe or a recording thermocouple.

It shoyld also be equipped with’atimer and temperature recorder.

5.6.2 | Use

With gteam sterilization, all air is expelled prior to the pressure build-up. If the autoclave is nof fitted with an
autonatic evacuation device, it is necessary to remove the air until a continuous jet of steam is emitted.

For the destruction of microorganisms, the saturated steam in the chamber shall be at a temperature of at
least 121.°C.

During the same sterilization cycle, do not use the autoclave to sterilize clean equipment (and/or culture
media) and at the same time to decontaminate used equipment (and/or used culture media).

It is preferable to use separate autoclaves for these two processes. After autoclaving, all materials and equipment should
be allowed to cool within the autoclave before removal.

For safety reasons, do not remove the contents until the temperature has dropped below approximately 80 °C.

5.6.3 Maintenance

Clean the chamber, drain filter and door seals regularly. Check the door seals for integrity. Carry out draining
operations and descaling, if necessary, at regular intervals. Follow the manufacturer's recommendations.
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5.6.4 Verification and calibration

The autoclave shall be kept in good operating condition and shall be regularly inspected by competent
qualified personnel in accordance with the manufacturer’s instructions.

Keep the monitoring instruments in good working order and verify them regularly.
Initial validation should include performance studies for each operating cycle and each load configuration used in

practice. This process should be repeated after significant repair or modification. Sufficient temperature sensors should
be positioned within the load to demonstrate adequate heat penetration at all locations. Validation and revalidation should

consider the su

For each load,
where a traceal

5.7 Media

5.7.1 Descr

A media prep
heating vess
temperature g

In addition, the

5.7.2 Use

Follow the ma

The entire prgduction process takes place within the apparatus. After addition of all the ingredients, th

dissolved by {

5.7.3 Maintgnance

Wash the pre

5.7.4 \Verifiq

The preparat|
personnel in 3

Keep the mor

Initial validatig

itability of heat-up and cool-down times as well as the sterilization temperature.

hs a minimum, a process indicator should be included at the centre of the load to verify the heating
le record of process efficiency is not available.

preparator
iption

brator is principally designed for the sterilization of large volumes of media (> 1 I). It consis
pl, water jacket and continuous stirring device. The equipment-shall also be fitted
auge, pressure gauge, timer and safety valve.

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

nufacturer’s instructions at all times.

tirring and heating. This is followed by-sterilization.

barator and rinse thoroughly.with purified water between each media batch.
tation

br shall be kept)in good working condition and inspected regularly by competent qu
ccordance withthe manufacturer’s instructions.

itoring<instruments in good working order and verify their performance regularly.

n’should include performance studies for each operating cycle and each load size used in practic

TOCESS

Is of a
vith a

by are

alified

e, This

process should
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probe and another remote from it, may be used to demonstrate uniform heating.

The temperature and duration of each cycle should be checked.

5.8

5.8.1 Descr

Incubator

iption

ontrol

An incubator consists of an insulated chamber which enables the temperature to be kept stable and uniformly
distributed to within the maximum permissible temperature error specified in the test method.
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Use

Incubators shall be equipped with a regulation system that allows the temperature or other parameters to be
kept even and stable over their entire working volume. Define the working volume to ensure that this is
achieved.

If the ambient temperature is close to or higher than that of the incubator, it is necessary to fit a cooling
system to the chamber.

The walls of incubators should be protected from sunlight.

If poss

ible_incubators should not be completely filled in one single operation because the cnlture media

time td
from 1

When

5.8.3

Clean
the ve

5.8.4

Chech
tempg
therm

Use th
therm

For ex|
across
incubaj

This p

The ter
for exa

The thermometer.or fecording thermocouple used for routine monitoring of the incubator shall

come to temperature equilibrium, whatever type of incubator is used (forced-air convection or othe
paving the incubator door open for long periods.

loading incubators, attention should be paid to air circulation (see 10.2.4).

Cleaning and sanitization

and sanitize regularly the inner and outer walls of the incubator and \if appropriate, rem
ntilation system.

Verification

the temperature stability and the homogeneity of\the temperature distribution at
rature(s) throughout the working volume of the ingubator through simultaneous use of|
bmeters or thermocouples of known accuracy and,appropriate temperature range.

e information to define the acceptable operating range of the incubator and the optimum
pmeter used to monitor working temperatufes.

hmple, to achieve a target temperatureof\37 °C + 1 °C when the profiling data shows a range of 36,
the incubator, then the operating range”should be reduced to 36,2 °C to 37,7 °C in order to ensure
tor achieve the target temperatuze of 37 °C.

rocess should be repeated aftet.each significant repair or modification.

hperature of operation should’be checked with one or more maximum and minimum thermometers or recordin
mple.

ill take a long
rwise). Refrain

bve dust from

the working

a number of

position of the

B °C to 37,3 °C
all parts of the

b thermocouples,

be fixed in a

cubator shall
erol (or other

position definedfrom the profiling data as achieving the target temperature.

Checl the \incubator temperature at least every working day. For this purpose, each in
incorporate’ at least one working measurement device, whose bulb can be immersed in glyc
appropt tateheat-sit |Ir\) containedHn-a-seated-bottte-

Other checking systems of equivalent performance may be used.

5.9

5.9.1

Refrigerator, cold-storage room

Description

These are chambers which allow maintenance of cold storage. For the conservation of food samples for
analysis, the temperature shall be 3 °C + 2 °C (maximum permissible errors), except for particular applications.

For ot

her uses, the temperature, unless otherwise specified, shall be 5 °C + 3 °C.

© 1SO 2007 — All rights reserved

13


https://standardsiso.com/api/?name=d01ea11eff12aaf68cc5cde692910261

ISO 7218:2007(E)

5.9.2 Use

In order to avoid cross-contamination, use different chambers, or at least different containers, to achieve
physical separation, for the storage of

— uninoculated culture media and reagents,
— test samples, and
— microorganism cultures and incubated media.

Load refrigers
and the pote

5.9.3 Verifi¢ation

Check the temperature of each chamber each working day using a thermometer or a permanently ingtalled

probe. The agcuracy required of the temperature-monitoring device is dependent on the“purpose for which the
unit is used.

5.9.4 Maintgnance and cleaning

Carry out the following maintenance operations at regular intervals to ensure proper operation:
— removal ¢f dust from the motor blades or from the external heat-exchange plates;

— defrosting;

— cleaning pnd sanitization of the inside of the chambers:
5.10 Freeze@r and deep freezer

5.10.1 Desciljiption

A freezer is @ chamber which allows (frozen storage to be guaranteed. The temperature, unless othérwise
specified, shdll be below —15 °C, preferably below —18 °C for food samples.

A deep freezer is a chamber which allows deep-frozen storage to be guaranteed. The temperature, linless
otherwise spdcified, shall be‘helow —70 °C.

5.10.2 Use

5.10.2.1 FrTezer

Different chambers, or at least different containers, shall be available to achieve physical separation for the
storage of

— uninoculated reagents,
— samples for analysis, and
— microorganism cultures.

Load the freezer in such a way that a sufficiently low temperature is maintained, in particular when unfrozen
products are introduced.

14 © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=d01ea11eff12aaf68cc5cde692910261

ISO 7218:2007(E)

5.10.2.2 Deep freezer
The principle use is storage of microorganisms, reference and/or working cultures, and reagents.

Load the freezer in such a way that a sufficiently low temperature is maintained and cross-contamination
between microorganisms and reagents is prevented.

5.10.3 Verification

Check the temperature of each chamber regularly using a suitable temperature-monitoring device.

5.10.4 Maintenance
Carry jout regularly the following maintenance operations:
— removal of dust from the motor blades and from the external heat-exchange plates. (if accessible);

— dgfrosting;

|
(@]

eaning and sanitization of the inside of the chambers.
5.11 [Thermostatically controlled bath

5.11.1 Description

A theqmostatically controlled bath, filled with a liquid (watét; ethylene glycol, etc.), with or without a fitted lid or
other fevice to limit evaporation, is required to maintain“a specified temperature. Temperature gontrol is often
more precise than an air incubator, enabling maximum permissible errors of + 0,5 °C or better tq be achieved.
The Working temperatures and required maximum permissible errors are stipulated in each individual
applicption or method. A cooling system is nécessary to maintain a temperature near or below ambient
tempgrature.

5.11.2 Use
The main uses are as follows:

ircubation at a constant temperature of inoculated culture media;

— maintenance of-sterile molten agar media during media preparation;
— tempering‘of)sterile molten agar media for use in specific methods;

— pleparation of initial sample suspensions or solutions at a controlled temperature;

— heat treatment of initial sample suspensions at a controlled temperature (e.g. pasteurization).

Where precise temperature control is required, the bath shall be equipped with a circulating-water pump and
an automatic temperature-regulation system. 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 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 the incubation.

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

mmersion shall preclude entry of water through the closure.

Devices to maintain stability of the containers may be required, for example racks.

All containers should be dried after removal from the bath and before further use.

5.11.3 Verification

Check the stability and homogeneity of the temperature throughout the bath before initial use and after any
repair or modification having an effect on the temperature control.

Monitor each
measurement

A digital displd
Monitor the te
5.11.4 Maint

Baths should b
water should p

Check regula
of items in the

Baths should
spillage occurs

5.12 Steam

5.12.1 DescrH
Steamers ang

fitting lid. In a
to a temperat

5.12.2 Use

The main use

melting o

preparati
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y may also be used, provided that its accuracy and resolution are verified.

enance

e filled with liquid as recommended by the manufacturer. For incubation of'cultures, distilled or dei
eferably be used.

ly the level of the liquid to ensure the correct functioning of\the bath and satisfactory imm
bath. The liquid level shall always cover the heating elements.

e emptied, cleaned, sanitized and refilled regularly and-at a frequency depending on usage, or

ers, including boiling-water baths

iption

boiling-water baths consist ef\a heating element surrounded by water in a vessel with a
steamer, this creates steam_at atmospheric pressure; in a boiling-water bath this heats the
ire at or close to the boiling' point, with or without the production of steam.

5 are as follows:
f agar media;

bri-of heat-labile media;

uncertainty (see 5.28.2), and independent of the automatic temperature-regulation system.

mperature of the bath during each use and at least daily for periods of extended incubatior].

imum

onized

ersion

after a

close-
water

reduction of contamination of small items of equipment between use.

A safe and adequate level of water shall be present in the vessel to ensure that the heating elements are

covered at all

times.

An autoclave with a free-steaming facility may also be used.

5.12.3 Maintenance

Keep steamers and boiling water baths clean.

If necessary, regular descaling should be performed at a frequency dependent on local water hardness.
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5.13.1
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Sterilizing oven

Description

218:2007(E)

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

5.13.2 Use

Only robust equipment such as glass and metalware shall be sterilized in the sterilizing oven; do not use it for
plastic and rubber items.

Beforl sterilization, clean all glassware and metalware to be sterilized in the oven.

If volu

The te
a ther

It shoy

Once

equivalent time/temperature combination.

After o

5.13.3

Check
repair

The g
suitab
devicq

The te

5.13.4

Clean

metric glassware is sterilized in the sterilizing oven, verify regularly the accuracy of miarked

mperature shall be uniform throughout the chamber. The oven shall be eqdipped with a th
mometer or temperature-recording device of suitable accuracy.

ld be equipped with a duration indicator, programmer or timer.

the operating temperature is reached, the sterilizing procedur€ shall last for at least 1 h af

terilization, to prevent cracking, glassware should be allowed to cool in the oven before removal.

Verification

the stability and homogeneity of the temperature throughout the oven before initial use
or modification which might have an effect.en the temperature control.

ven shall be fitted with a calibrated>thermometer, thermocouple or temperature-record
shall have a resolution of 1 2Cior better at the oven temperature used.

mperature of the oven should be monitored and recorded during each use.

Maintenance

internal surfaces’when required.

5.14

5.14.1

Microwave oven

volumes.

ermostat and

170 °C or an

and after any

ing device of

e accuracy which is independent’of the automatic temperature-regulation system. The monitoring

Description

A microwave oven is a device that allows heating of items by microwave energy at atmospheric pressure.
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5.14.2 Use

Use the equipment currently available only to heat liquids or melt agar culture media.

WARNING — Do not heat media containing heat-sensitive components in a microwave unless it has
been verified that this way of heating has no effect on medium performance. No assessment has yet
been made of the efficiency of microwaves for sterilizing culture media and microwave ovens shall not
be used for this purpose.

The oven shall be capable of heating liquids and culture media in a controlled manner via a microwave
emission cycle. The distribution of microwaves shall be homogeneous to avoid zones of overheating. Ovens

fitted with a t

rntable or a stirrer for the microwaves give better heat distribution

Do not use m

Heating for lon

WARNING —

btal equipment, including metal closures. Loosen bottle caps or stoppers before heating.
ger periods at lower power ratings can give better heat distribution.

Handle heated items with care. Contents can become super-heated and boil d

bottles can explode.

When melting
a microwaveab

A standing tim|

5.14.3 Verifi

hoar media, a low power setting (e.g. defrost cycle) and a water heat sink (e,g. 50 ml to 100 ml of W
le beaker) are recommended to aid control of the heating process.

b of at least 5 min is recommended after the heating process before femoval from the microwave ov

cation

Suitable heafing times and power settings shall be established at initial commissioning for the di

volumes of
overheating o

5.14.4 Maint
Clean the ovsg

Ovens door sed
5.15 Glass

5.15.1 Descr

Laboratory gl
which can be

iquids and culture media routinely handled{ to ensure optimum performance and
f sensitive products.

bnance
n immediately any spillage occurs, as well as at regular intervals dependent on usage.

Is should be inspected for integrity and the oven checked for radiation leakage at regular intervals.
washer
iption

hss washers are electronically controlled machines for washing general laboratory glass
programmed for different washing cycles and rinses (e.g. distilled or deionized water or aci

Devices for w|

ut or

ater in

tn.

ferent
avoid

ware,
d).

shing glass pipettes are special glass washers designed to clean the narrow bores of pip

ttes.

5.15.2 Use

Many types of glass washer are available, and these shall generally be installed and used following the

manufacturer’

s instructions.

5.15.3 Verification

Check the effectiveness of cleaning by visual inspection and, in critical applications, carry out tests to ensure
that glassware is free from inhibitory substances.
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Alkaline or acidic residues may be checked for by using a pH indicator solution; a pH within the range 6,5 to 7,3 should
be achieved.

5.15.4 Maintenance

Proga

mme regular maintenance as specified by the manufacturer at a suitable frequency.

More frequent servicing may be required for heavily used equipment or in hard-water areas.

5.16

Optical microscope

5.16.1 Description

There| are several different types of microscope: monocular, biocular, with a VDU, a camera of

equip
magn
an ov
“‘wet p

5.16.2
Set uj

light f
the ob

5.16.3

Follow
occur!

Each
recom

The of
517

5.17.1

Gas (
air mi

Wire

ent, etc., and with an internal or external light source. For bacteriological examinations, g
fications from x10 (dry lens) to about x100 (oil immersion with spring-loadedturret) are U
brall magnification of x100 to x1 000. Phase contrast microscopy is also_invaluable for &
reparations”.

Use
the optics of the microscope in accordance with the manufacturer’s instructions. The opti

om the high-intensity light bulb shall pass through the centre of the substage condenser,
ject lens to the eyepiece so that spherical and chromati¢aberrations do not occur.

Maintenance

the manufacturer's instructions concerning,‘storage, cleaning and servicing. Prevent
ing where humidity is high as this may leadto deterioration of lens quality.

Hay or after use, remove oil from the immersion lenses and related parts using lens tissue.
mended by the manufacturer. Regularly remove grease caused by eyelashes from the eye

tical systems can be easily damaged, and servicing, preferably by the manufacturer, is therefore des
Gas burner or wire/incinerator

Description

Bunsen) burpers produce a narrow naked flame from either mains or bottled gas. Varying
ed with-the’' gas controls the degree of heat produced.

ncinerators use gas or electricity to achieve red heat without a flame for sterilizing loop

fluorescence
bjectives with
sed to obtain
xamination of

cal axis of the
the slide and

condensation
Use a solvent
piece lens.

irable.

he amount of

5 and straight

wires

sed for manipulating cultures.

5.17.2 Use

A gas burner is 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.

The wire incinerator is used for sterilizing metal loops and straight wires and is preferred when handling
pathogenic bacteria as it prevents splatter and avoids risk of cross-contamination.

Gasb

urners can produce much heat and air turbulence in the laboratory.

Aseptic techniques can be achieved without a gas burner by using disposable materials.
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In protective cabinets, the use of gas burners should be avoided, because they may interfere unacceptably with the
laminar airflow. In this case, use of sterile disposable equipment is recommended.

5.17.3 Maintenance

Regularly clean and distinfect burners and covers on wire incinerators, particularly if any microbial culture has
been spilled on the devices.

5.18 Dispenser for culture media and reagents

5.18.1 Description

A dispenser i
Petri dishes.
automatic sy
automated de

5.18.2 Use

Clean equipm

5 an instrument or device used to distribute culture media and reagents into tubes,\bot
Such devices range from simple measuring cylinders, pipettes or manual syringes, th

livery.

ent used for dispensing culture media and reagents shall be free of‘inhibitory substance

separate tubing for selective media to minimize leaching/carryover of such substances.

If aseptic dist

ibution of sterile culture media and reagents is required, all parts of the dispensing equipni

contact with tihe product shall be sterile.

5.18.3 Verific
The measurg
permissible €
permissible e

Check volum
always after 3

5.18.4 Clean

Lation

ment uncertainty of the instrument or apparatus shall be appropriate for the ma
rror in the volume to be dispensed, which shall not routinely exceed £ 5 %. The ma
ror in measuring volumes of dilution fluid used for preparing decimal dilutions is + 2 %.

ps dispensed before initial use, then regularly in accordance with a documented schedul
ny adjustments affecting the velume dispensed.

Ing and maintenance

Clean the outer surface of the dispenser after each use. Wash and rinse thoroughly all parts of the disq

that come in
use disinfectd
inhibitory prog

All automate
manufacturer

contact with the_product and sterilize them if required for use in dispensing sterile liquid. L
nts on surfaces_that come into contact with the product to be dispensed as they may
erties.

| dispensers shall be kept in good condition by regular servicing in accordance wi
s instractions.

les or
rough

inges and peristaltic pumps to programmable electronically controlled devicés, with variable

5. Use

ent in

imum

imum

B, and

enser
Do not
mpart

h the

5.19 Vortex mixer

5.19.1 Description

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

Mixing is achieved by an eccentric rotational movement of the contents of the tube or container (producing a

vortex).

20

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=d01ea11eff12aaf68cc5cde692910261

ISO7

5.19.2 Use

218:2007(E)

Press the base of the tube or container containing the liquid to be mixed against the mixer head. The speed of
mixing is controlled by varying the speed of the motor or the angle of contact with the mixer head.

The operator should ensure that spillage does not occur during mixing by adjusting the speed as necessary and by holding
the tube approximately one-third of its length below the top in order to be able to control the tube better and hence avoid
the liquid rising too high in the tube.

Appropriate precautions should be taken to minimize the release of aerosols when opening vortexed containers.

5.19.3

Adequ
mixing

5.19.4

Keep
disinfdg

5.20

5.20.1

Manu

—\ferifieation

operation.

Maintenance

ctant.
Colony-counting device

Description

bl colony-counting devices use a pressure-actuated counting device and usually giv

may gonsist of an illuminated stage with a calibrated<grid for the plate and a magnifying screen|

detec
hardw

5.20.2
Follow
coloni
with d
discrir

5.20.3

Check

indiczqion of each count and a digital readout of the .overall count. They may be simple pen-li

ion. Automated electronic colony counters,.ifncorporating image analysers, operate by a ¢
are and software systems incorporating the“use of a camera and a monitor.

Use
the manufacturer’s instructions: Adjust the sensitivity of an automated counter to ensure
s are counted. Automated-electronic colony counters also require separate programmin

ifferent types of agar and-matrices, and for surface counts and pour plate counts to eng
hination of target colonies.

Verification

b should be made manually on a regular basis to ensure that accurate counts are obtained using a col

numb

In adciFion, automated colony counters should be checked every day of use with a calibration plate contj

of-countable particles or colonies.

ate mixing is evidenced by the appearance of a vortex throughout the depth of the“liqlid during the

equipment clean. If spillage occurs, decontaminate the equipmenttusing an appropriate laboratory

e an audible
ke devices or
to aid colony
ombination of

that all target
g when used
ure adequate

bny counter.

hining a known

5.20.4 Maintenance

Keep equipment clean and free of dust; avoid scratching of surfaces that are an essential element of the
counting process. Programme regular maintenance of electronic counters incorporating image analysers as

specif

ied by the manufacturer, at a suitable frequency.
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5.21 Equipment for culture in a modified atmosphere

5.21.1 Description
This may be a jar that can be hermetically sealed or any other appropriate equipment which enables modified atmosphere
conditions (e.g. for anaerobiosis) to be maintained for the total incubation time of the culture medium. Other systems of

equivalent performance, such as anaerobic cabinets, may be used.

Follow the manufacturer’s instructions for installation and maintenance.

5.21.2 Use

The compositign of the atmosphere required can be achieved by means of the addition of a gas mixture (e.gAron a gas
cylinder) after pvacuation of air from the jar, by displacement of the atmosphere in a cabinet or by any othér apprppriate
means (such ascommercially available gas packs).
In general, apaerobic incubation requires an atmosphere of less than 1 % oxygen, 9% to 13 % garbon
dioxide; micrnoaerobic (capnaerobic) incubation requires an atmosphere of 5 %~to'7 % oxygen and
approximately 10 % carbon dioxide.

Conditions may need modification depending on the requirements of the specific microorganism.
5.21.3 Verifi¢ation
Place a biological or chemical indicator for monitoring the nature of the atmosphere in each chamber during

each use. Growth of the control strain or a change in colour of the.chemical indicator verifies that apprqpriate
incubation conditions have been achieved.

5.21.4 Maintgnance

If a catalyst i$ fitted, regularly regenerate it in accordance with the manufacturer’s instructions. If valvgs are
fitted, clean apd lubricate them to ensure proper fungtioning and replace as necessary.

Regularly clean and sanitize the equipment.
5.22 Centrifuge

5.22.1 Descijiption

Centrifuges are mechanical-vor electronically operated devices that use centrifugal force to separate
suspended particles, including microorganisms, from fluids.

5.22.2 Use

In some appl cations concentration of fnrgpf mir‘mnrgnnicmc is_achieved hy r‘pnfrifnging quuid samples to
provide a deposit, which can be resuspended in liquid and subjected to further examination.

Take necessary precautions to prevent aerosol generation and cross-contamination, by correct operation of
the equipment and the use of sealed and sterile centrifuge tubes or pots.

5.22.3 Verification

Where the speed of centrifuging is critical to or specified in the application, the speed indicator or settings against a
calibrated and independent tachometer should be checked regularly and after significant repairs or modifications.

22 © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=d01ea11eff12aaf68cc5cde692910261

ISO 7218:2007(E)

5.22.4 Maintenance

Clean and disinfect centrifuges regularly and after any spillage involving microbial cultures or potentially
contaminated samples.

Centrifuges should be serviced regularly.

5.23 Hotplate and heating mantle

5.23.1 Description

Hotplates and heating mantles equipped with magnetic stirring systems are used, for heating relatively large
volumes of liquid such as media.

Do nof use hotplates and heating mantles without stirring systems for preparation of media.

5.23.3 Maintenance

Clean|up any spillages as soon as the unit is cool.
5.24 |Spiral plater

5.24.1 Description

A spirpl plater is a dispenser that distributes.a predetermined volume of liquid over the surfacg of a rotating
agar plate. The dispensing arm moves.\from the centre of the plate towards the outsidg edge in an
Archirhedean spiral. The volume dispensed 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 sgiral. The volume of sample-dispensed on any particular segment is known and is constgnt. A vacuum

The efuipment is usegd/to dispense a liquid sample, sample homogenate or dilution on to an appropriate agar
plate in order to determine a colony count. After incubation, colonies develop along the lines where the liquid
was deposited{ The number of colonies in a known area is counted using a counting grid supplied with the
equipment andthe count calculated.

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

Plates should be pre-dried before use to ensure that they are free of excess moisture.

The dispensing system should be sanitized and rinsed with sterile water before each sample and after use.

5.24.3 Verification

Check the stylus tip angle daily by using a vacuum to hold a cover slip against the face of the stylus. The
cover slip should be parallel to and 1 mm from the surface of the agar.

The dispensing pattern should be verified by dispensing washable ink. The spiral plater pattern should be most dense near

the centre of the plate where deposition begins and become steadily less dense to the point of stylus lift-off. The clear
portion of the plate should be central and approximately 2,0 cm in diameter.
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A daily check should be carried out to ensure that the stylus tip is at the correct angle to the agar surface by using the
cover slip and level gauge provided with the instrument.

The sterility of the spiral plater should be verified by plating sterile water for each series of samples examined.

A gravimetric check of the volume dispensed should be performed regularly using distilled water. The mass obtained
should be within a maximum permissible error of £ 5 % of the expected mass for the volume dispensed.

5.24.4 Maintenance

Disinfection of the dispensing tubing and stylus may be achieved by flushing with a solution containing 0,5 % to 1 % of

b Tl 1 111 Ll 1.1 £l 1o bR | " -1 1o irll 1 1 . 1 "
free chlorine. Thrsshoutd-betottowetd Oy TTUSITTE WITT STCTIIT UTSTIITU OT UCTOIMZTU Watcr.

Blockages can |be prevented by allowing any particles to settle before loading the sample suspension and using’a portion
of the supernatant liquid.

Any spillages ghould be removed immediately and the equipment cleaned on a regular basis.

The equipment{should be serviced and verified according to use.
5.25 Stills, deionizers and reverse-osmosis units

5.25.1 Descijiption
These devicgs are used to produce distilled or deionized/demineralized water of the required quality (see

ISO/TS 11133) for preparation of microbiological culture media or reagents and for other labgratory
applications.

5.25.2 Use

Install, commission and use equipment in accordance with the manufacturer’s instructions, with due redard to
the location of laboratory water, waste and electfical services.

5.25.3 Verifi¢ation

Water shall b¢ checked regularly or when used after storage for satisfactory conductivity and shall be nq more
than 25 pS/cm (equivalent to a resistivity > 40 000 Q-cm) for media and reagents preparation.

If water is storpd before use oréproduced through an ion exchanger, suitable checks for microbial contamination [should
be conducted i accordance with" ISO/TS 11133.

5.25.4 Maintenance

Stills should b (eleaned and descaled at a frequency dependent on the input water hardness. Deionizers and r¢verse-
0smosis units should be maintained in accordance with the manuiacturer s INSITUCTIONS.

5.26 Timers and timing devices

5.26.1 Description

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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5.26.2 Use

Analog and digital handheld 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.

5.26.3 Verification

l (1A P~ lak 4 FH k. o o I H HH Lot 1 H 1
CheC AT TS USTU T TabUTatouT y UpP T TatiurTS WiTe T e UuTatiuT T 1S i ar tU e TTSuUTt aucull\t the nat|0na|

time signal regularly and after significant repairs.

5.26.4 Maintenance
Regulgrly clean and check timers for correct functioning.

Integrgl timing devices should be checked as part of the maintenance procedure for thejnstrument.
5.27 [Pipettes and pipettors

5.27.1 Description

Pipettes are glass or disposable plastic devices used tardeliver volumes of liquid or viscqus materials;
gradugted pipettes deliver measured volumes with an aceuracy which is dependent on the specification.

Automatic (mechanical) pipettors fitted with plastic tips are devices that dispense fixed or adjustable volumes
of liqujds, by manually or electrically operated piston action.

5.27.4 Use
Discafd pipettes that are damaged or broken.

Sterile| Pasteur or graduated pipettes and pipettor tips should be fitted with a non-absorbent cotton wool plug to prevent
contanpination when used to manipurlate microbial cultures.

Do not perform mouth pipetting in microbiological facilities, except for non-contaminated liquids.

Bulbs|used on Pasteur or graduated pipettes and the tips for pipettors shall be of the correct sjze to prevent
leakage and ensure efficient operation.

5.27.3 Verification

Check graduated pipettes to confirm dellivery of correct volumes It the manuiacturer does not certify their
accuracy (trueness and precision).

The calibration of pipettes/pipettors is described in ISO 835 (all parts) and ISO 8655-1.

Test new pipettors before use, and at regular intervals depending on the frequency and nature of use, to
confirm that they respect the maximum permissible errors defined in 1ISO 8655-1. Perform intermediate
gravimetric checks using distilled or deionized water to ensure that volumes dispensed remain within the
maximum permissible errors.

Check new batches of graduated pipettes.
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5.27.4 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. Where it is not possible for this to be done
in the laboratory, return the pipettors to the manufacturer for re-assembly and recalibration.

5.28 Thermometers and temperature-monitoring devices, including automatic recorders

5.28.1 Descijiption
Thermometerg are devices of the mercury-in-glass or alcohol-in-glass type that are used‘\io monitor
temperatures|across the range of laboratory activities.

Other tempernature-monitoring devices include platinum resistance thermometers and instruments that use
thermocouples to measure temperature and provide a visual, hardcopy or electroni¢ record of tempgrature
variation with time.

hal or
hot be

Reference thermometers and other temperature-monitoring devices shall,be’ calibrated to natio
international gtandards and certified as such. They shall be used for reference purposes only and shall
used for routipe monitoring.

Working ther Bllows
traceability to

mometers and other temperature-recording devices shall be calibrated in a way that
national or international standards.

Devices of adeg ised as
working therm

(quate accuracy that conform to an appropriate interpational or national specification may also be
meters after verification of their performance.

5.28.2 Use

5

Thermometerg and other temperature-monitoring devices shall be capable of measuring the tempsg
required by an application within specified maximum permissible errors.

rature

The measurem|
requested maxi
uncertainty shq
be + 0,125 °C.
when determin

Thermometers
liquid paraffin

ent uncertainty of the temperature-monitoring device should be four times smaller than the range
mum permissible error. For‘example, for a target maximum permissible error of = 1 °C, the measu
uld be + 0,25 °C; forafarget maximum permissible error of = 0,5 °C, the measurement uncertainty
The measurement uficertainty of the reference thermometer calibration should also be taken into 4
Ing the operating temperature.

or thermocouples placed in air incubators should be secured in suitable containers filled with gl
br polypropylene glycol to buffer against heat loss when the door is opened and provide a stable rea

of the
rement
should
ccount

ycerol,
ling.

Use total-imm

ersjion thermometers with only the bulb immersed.

Thermometers placed in water baths should be immersed in the water in accordance with individual specifications, e.g.
partial-immersion thermometers should be immersed to the depth specified for that thermometer, for example 76 mm or

100 mm.

Do not use thermometers if the mercury or alcohol column is broken.

Mercury-in-glass thermometers are fragile and, if there is a risk of breakage, they should be placed inside protective
cases that do not interfere with temperature measurements.

WARNING — Mercury is hazardous to health. Remove spillages in accordance with national

regulations.
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5.28.3 Verification

Reference thermometers shall be calibrated across the entire range against traceable national or international
standards before initial use and at least every 5 years. Intermediate single-point (e.g. ice point) calibration
shall be performed to verify performance.

Reference thermocouples shall be fully calibrated against traceable national or international standards before
initial use and in accordance with manufacturer’s instructions. Intermediate checks shall be made against a
reference thermometer to verify performance.

Other
natio

Worki
the w

5.28.

Maint

Maintdin other temperature-monitoring devices in accordance with the manufacturer’s instruction

5.29

5.29.1

This €
paran

Manu
remoy

Autoni

move
perfor

5.29.2
Follow

Form

For manual_and automated systems, verify that the system is able to isolate low levels

micro

temperature-monitoring devices (such as radio wave receivers) shall be calibrated aga

g thermometers and thermocouples should be checked at the ice point and/or against a reference
king temperature range.

Maintenance

in thermometers and thermocouples in a clean and sound condition.

Immunomagnetic separator

Description

quipment is used to separate and concentrate farget microorganisms in liquid cultures
agnetic beads coated with an appropriate antibody.

bl separators consist of a rotary mixer capable of 12 r/min to 20 r/min and a particle concs
able magnetic bar.

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

I from tube to tube and permit’ the entire separation procedure, including washing
med automatically in an enclosed environment.

Use and verification
the manufacturer’s instructions for use and those given in specific standards (e.g. for E. ¢

pnual systems; check the speed of rotation of the mixer.

brganism before putting it into routine use.

inst traceable

hermometer in

by means of

ntrator with a

particles are
stages, to be

bli 0157).

of the target

It is important to appreciate the potential for cross-contamination during manual separation procedures and to
take appropriate steps to avoid this happening.

5.29.3 Maintenance

Inspect and maintain equipment in accordance with the manufacturer’s instructions.

5.30

Filtration system

The filtration system used shall be as described in ISO 8199.

© 1SO 2007 — All rights reserved

27


https://standardsiso.com/api/?name=d01ea11eff12aaf68cc5cde692910261

ISO 7218:2007(E)

5.31 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. Calibration programmes shall be established for
key quantities or values where these properties have a significant effect on the result. Before routine use,
calibrate or check the equipment to establish that it meets the laboratory’s requirements and complies with the
relevant standard specifications. Any reconfigurations or modifications made by the laboratory to the software
shall be verified to ensure that the modified software gives the correct result.

6 Preparation of glassware and other laboratory materials

6.1 Preparation

Glassware and other laboratory materials used in microbiology shall be of suitable design, used propery and
prepared in slich a manner as to guarantee its cleanliness and/or sterility up until the time of tise.

It should be defigned to prevent or limit contact between the operator and infectious material.
Tubes and bott]es should be stoppered by appropriate means. If necessary, glassware to becsterilized (e.g. pipettes) [should

be placed in special containers or wrapped in an appropriate material (special paper, aluminium foil, etc.). Glassyare to
be autoclaved ¢gmpty should allow free access of steam, otherwise sterilization will notde achieved.

6.2 Sterilization/decontamination

6.2.1 General

The temperatute and duration of sterilization/decontamination should*be recorded. Sterilization indicators may be pised to
distinguish beteen sterilized and unsterilized materials.

6.2.2 Sterilization by dry heat

Heat glassware, etc., in a sterilizing oven for at least 1 h at 170 °C or equivalent.

6.2.3 Sterilization by moist heat (steam)

Moist steam ynder pressure is the most effective method of sterilization of laboratory glassware and materials.
The temperatlre of the autoclave ehamber shall remain at 121 °C for at least 15 min (see 5.6).

6.2.4 Decontamination with’chemical compounds

Use chemical] compounds (e.g. chlorine-based products, alcohols, quaternary ammonium compounfds) at
appropriate cpncentrations and for an appropriate contact time.

Ensure that chemical residues will not affect the recovery of microorganisms.

6.3 Disposable equipment and materials

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

It is advisable to verify that such equipment is suitable for use in microbiology (in particular as regards its sterility) and
that the material contains no substances that inhibit the growth of microorganisms (see ISO 9998).

6.4 Storage of clean glassware and materials

Protect clean glassware and materials against dust during storage, in conditions which will maintain its
cleanliness.
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Management of sterile glassware and materials

Store glassware and materials under conditions that ensure that they remain sterile. Store single-use
equipment in accordance with the manufacturer's instructions, without any deterioration of the packaging.

Store

laboratory-prepared equipment in clean conditions.

When sterilizing equipment is intended for microbiology, put an expiry date (or date of manufacture) on each

package.

6.6 Use of decontamination and disinfection

6.6.1  Becontamination-of-disposable-equipment

Decontaminate disposable equipment prior to its disposal.

Besidds the methods described in this clause, incineration may be used. If there is an ineinerator of
decontamination and disposal may be carried out in a single operation.

6.6.2 | Decontamination of glassware and materials prior to use

In gengral, sterilization of equipment should be done by moist heat (see 6.2.3yor dry heat (see 6.2.2).

In cerfain situations (e.g. field sampling), chemical decontamination ‘may be appropriate. After such
equipment should be free of inhibitory substances.

6.6.3 | Decontamination of glassware and materials after'use

Materijls for decontamination and disposal should be plageéd in containers, e.g. autoclavable plastic bags.
the prgferred method for all decontamination processes(at least 30 min at 121 °C). The autoclave should
way tHat favours heat penetration into the load, (e.g.\without overpacking) and taking care to loosen cap
bags.

Alterngitive methods, other than autoclaving, 'may be used if allowed by national regulations.

Autoclave all equipment which has“been in contact with microbiological cultures (solid or liquid ¢

includ

During
sized 4

Use B

Most
conce

ng re-usable containers prior to being washed.

examination, decontamination by immersion in freshly prepared use-dilution disinfectant may be
nd corrosion-resistant equipment (e.g. pipettes).

asteur pipettes only once.

HisinfeCtants (see Annex A) have some toxic effects. Wear gloves and eye protection W
ntrated disinfectant.

the premises,

treatment, the

Autoclaving is
be loaded in a
5/1ids and open

ulture media),

used for small-

hen handling

6.7

Waste management

The correct disposal of contaminated materials does not directly affect the quality of sample analysis, but it is
a matter of good laboratory management.

It should conform to national environmental or health and safety regulations.

A system for the identification and separation of contaminated materials and their containers should be established for

— non-contaminated waste (e.g. uncultured food samples) that can be disposed of with general waste,

— scalpels, needles, knives, broken glass,
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contaminated material for autoclaving and recycling, and

however, the special requirements for risk category 3 microorganisms below).

contaminated material for autoclaving and disposal, or for disposal only if the material is to be incinerated (see,

Incineration of contaminated materials and their containers should be carried out in accordance with national
environmental or health and safety regulations.

Materials contaminated with risk category 3 microorganisms and their containers shall be autoclaved before
they are incinerated.

6.8 Washi

Wash re-usa
deionized wat

Specialized eq

After washing
microorganist

7 Preparation and sterilization of culture media

Prepare and s

9

ble equipment only after it has been decontaminated. After washing, rinse all equipmer
er.

, re-usable equipment shall be free of residues that may affect the)Subsequent gro
ns.

terilize culture media in accordance with ISO/TS 11133-1 and ISO/TS 11133-2.

8 Laboratory samples
8.1 Sampling
8.1.1 General

Although extremely important for the intefpretation of the results, sampling and sampling plans are not
of this International Standard. It is impadrtant that the laboratory receive a sample which is representative

batch of prod
The sample sh
used and imprg
to allow prope

Identify samp

Frequently, thd

ct and has not been damaged or changed during transport and storage.
uld be protected against extraneous contamination by the air, the sample container, the sampling d
per handling. Assample container should not be more than three-quarters full in order to avoid leaka
mixing of the Sample in the laboratory.

es clearly-and completely, and record the sample information.

temperature at the time of collection and upon receipt is useful to the laboratory for the interpreta

t with

lipment may be used to facilitate cleaning operations (e.g. a pipette washer, dishwasher; ultrasonic frough).

vth of

a part
of the

levices
oe and

tion of

results.

The sample should be submitted in the original, unopened container.

If the product is bulky or in a container too large for submission to the laboratory, transfer a portion aseptically
to a sterile sample container.

The sterile sample container should be opened for just long enough to allow the sample to be transferred and closed
immediately afterwards.
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8.1.2 Sampling plan

Sampling is not a part of this International Standard. See the specific International Standard dealing with the
product concerned, if available.

8.2 Transport

The mode of transportation of the samples to the laboratory shall ensure that they are kept under conditions
which will minimize any alteration in the number of microorganisms present.

Deliver samples to the laboratory promptly with the original storage conditions maintained as nearly as
possible-

The sample should be packed in such a way that breakage or spillage is avoided.
The prpduct label should indicate whether refrigeration is required.

Samplgs not requiring refrigeration or freezing may be packed in a container using appropriate packing mpaterial to avoid
breakalge.

Do not use loose ice as this may cause product contamination if the container breaks or leaks.

Unlesq otherwise specified in specific standards (e.g. ISO 6887 and ISQ/8261), the following temp¢ratures during
transp¢rt are recommended:

— stable products: ambient temperature (below 40°C);

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

|
Q

her products not stable at ambient temperature;.1 °C to 8 °C;
— sywab samples: see ISO 18593 and ISO 17604:

When po conditions are specified, it is recommended that the parties concerned agree on the duration and the temperature
of trankport.

8.3 |Receipt

Chechk the condition of the.samples on receipt.
If theitf condition is unsatisfactory or if the samples are insufficient, the laboratory should refuse the samplgs.
In spegial circumstances, they may be tested, after discussion and agreement with the client.

Howeyer, the test report shall include reservations about the validity of the results.

Document the samples admitted into the laboratory in such a manner that their progress through to the time of
drafting of the test report can be monitored. The identity and coding of samples and records shall ensure
traceability throughout all stages in the laboratory.

If necessary, the exterior surfaces of the containers should be disinfected using an appropriate disinfectant.

Check sample containers for evident physical defects.

Note the following information:

— date (and time, if relevant) of receipt;

— details of sampling (sampling date and time, if relevant and known, sample condition);
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— client's name and address.

On receipt of perishable samples, record the temperature of transport or the temperature of a simulated
sample included for this purpose.

Examine the samples as soon as possible after receipt, preferably within 24 h, or as agreed with the parties
concerned.

For highly perishable products (such as shellfish), testing should commence within 24 h of sampling. For perishable
products (such as fish, raw milk), testing should commence within 36 h.

If the testing deadlines mentioned above cannot be respected, the samples may be frozen at below —15 °C, preferably
—18 °C, provided that it has been demonstrated that recovery of the target microorganism(s) is not significantlysinpaired
with the sampl¢ matrix concerned.

8.4 Storade

Store samplels awaiting examination under conditions which will minimize any alteration 'in the numper of
microorganisms present.

The following ftorage temperatures are recommended:
— stable proflucts: ambient temperature (18 °C to 27 °C);
— frozen or {leep-frozen products: below —15 °C, preferably below —18 °C;

— other profucts not stable at ambient temperature, including spoiled foods: 3 °C+2°C (see ISO 688[7-2 to
ISO 688714 or ISO 8261);

— swab samples: see ISO 18593 and ISO 17604.
8.5 Test pprtion

8.5.1 Specific rules for taking test portions

Refer to the relevant part of ISO 6887, ortSO 8261, for specific rules for taking the test portion and preparing
the homogenate and initial suspension(

8.5.2 Conse¢rvation and destruction of laboratory samples
Except in spgcial cases, keep’the laboratory samples until all the results have been obtained, or longer if
necessary, pack them in-a.sterile container (e.g. a plastic bag) and restore them to their original sforage
temperature.

Perishable productsshould be frozen.

NOTE It id#

9 Examination

9.1 Hygienic precautions during analysis

To avoid contamination of the environment and the test portions, handle (dehydrated) powdered products in a
separate room or area or in a protective cabinet.

Prior to opening ordinary samples, swab the area around the intended opening point with 70 % (by volume)
alcohol (or another equivalent product) and allow to evaporate. Prior to opening sterile packs, immerse the

32 © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=d01ea11eff12aaf68cc5cde692910261

ISO 7218:2007(E)

area to be opened in a solution containing 100 ppm to 200 ppm free chlorine (or another suitable sterilant) for
at least 10 min to destroy microorganisms that might contaminate the sample.

Any instrument which is used for opening the packaging and removing all or part of the sample (tin-opener,
scissors, spoon, forceps, pipette, etc.) shall be sterile.

The surrounding work area should be cleaned and swabbed with an appropriate disinfectant before testing begins.

Hands should be washed immediately before beginning testing and again during testing if they become contaminated.

All instruments used should be sterile and protected from exposure to contamination before and during use.

All ing
Take

a) m
re

a
b) b
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)
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k)

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

brecautions so that the work is conducted, as far as possible, under aseptic conditions. For
ake sure that the work area is clean, that all possible sources of contamination*have beg
duced to the minimum and that there are no draughts (i.e. that the doors and windows ar
boid unnecessary movement of personnel during the examination;

bfore and after the work, decontaminate the work surface with an appropriate disinfectant;
fior to starting, ensure that everything required for carrying outthe work (and only that) is a

brry out the work without delay;

bparate “clean” and “dirty” activities by time or lecation (this is particularly important
bmples such as raw meat and raw eggs);

e disposable equipment;
h examination, make sure that the.pack is properly closed after removing the appropris
hits;

hmediately mop up any spillage by means of cotton pads or any other appropriate materia
irface prior to continuing;

5e a safety cabinet\for the handling of products likely to contain pathogenic bacteria,
htional regulatiens;

hen removing a sterile pipette from a case, do not allow the tip to touch the outside s
pettes remaining in the case because such surfaces are subject to contamination;

b notallow the pipette to touch the lips or necks of dilution bottles.

truments and tools used should be placed in a suitable container for subsequent disposal or sterilizat]ion.

example:

n removed or
e closed), and

vailable;

with high-risk

the course of
te number of

impregnated

ith 70 % (by volume) alcohoel or any other appropriate disinfectant 1), then clean and disinfect the work

f required by

irfaces of the

Aerosols are a major cause of environmental contamination and of infection. Aerosols can be formed for
example:

— when opening Petri dishes, tubes and bottles;

— when using shakers, syringes, centrifuges, etc.;

— when emptying pipettes;

1) When disinfectants other than 70 % (by volume) alcohol are used, appropriate contact times, in accordance with the
manufacturer's instructions, are needed for effective disinfection.
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when sterilizing wet inoculation loops or needles;

when opening ampoules containing freeze-dried cultures.

Their formation shall therefore be minimized.

For molecular methods, take additional precautions in accordance with ISO 22174.

9.2 Preparation of initial suspension and dilutions

9.21

General

Prepare the i
The time whi
inoculum con
in the relevan

The initial susg

9.2.2 Conceéntration

9.2.21 Ce
If the enumera
sensitivity and
centrifugation

If using centtifugation, resuspend the centrifuged deposit ih a known volume of diluent and continy

analysis.
For each cq
previously be
The filterabilit

The performan|
If the contamin

9.2.2.2

If low numbers
be achieved wi

Spread the H
accordance W

Immunoseparation

hitial suspension and dilutions in accordance with the relevant part of ISO 6887, or dSO

ch elapses between the end of the preparation of the initial suspension and the-mome
es into contact with the culture medium shall not exceed 45 min, unless specifically men
International Standard.

ension and dilutions steps may be followed by an enrichment step as described in-specific standardg.

htrifugation or membrane filtration

ion of low numbers of microorganisms is required, the enumeration may be improved, in terms
precision, by introducing a test portion concentration step: This concentration may be achiey
r membrane filtration.

mbination (food plus microorganism)\-considered, a study (see e.g. Reference [23])
carried out to demonstrate whether\the addition of a concentration step is necessary and
y of food suspensions shall be evaluated.

ce of the overall method, in terms of sensitivity, selectivity, linearity and repeatability, should be v
ation level is unknown, the §taridard method (without filtration) should be conducted in parallel.

8261.
nt the
tioned

f both
ed by

e the

shall
valid.

erified.

of target microprganisms are present in the sample, separation and concentration of microorganisnmis may

h immunomagnetic beads coated with specific antibodies.

eads;.together with the captured target microorganisms, directly on specific solid me
ith/specific standards. However, verify that the immunomagnetic beads coated with the s

dia in
pecific

antibodies us

ed”for this concentration step are suitable, as shown by evaluation studies published

in the

international scientific literature, preferably relating to food microbiology. This verification is especially

important if th

10 Enume

is procedure has not been validated in accordance with ISO 16140.

ration

10.1 General

When assessing the microbiological quality and/or safety of food and feeding stuffs, it is often not enough to
know only which microorganisms are present. In most cases, the quantitative aspect is equally important,
which brings about the need to enumerate microorganisms. This may be achieved in various ways: through
direct examination (microscopy), by inoculating solid or liquid media, with flow cytometry, by real time
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polymerase chain reaction, etc. However, this International Standard will only cover enumeration using solid
and liquid media.

Enumeration on solid media is based on the capacity of many microorganisms to produce colonies in or on
agar media that can be recognized as such with the naked eye or with the aid of a simple magnifying glass.
However, if the matrix contains many particles that may interfere with the detection of colonies, or if the level
of bacteria is very low, this principle cannot be used without first separating the target microorganisms from
the matrix (for example by filtration or immunoseparation). In such cases, enumeration with liquid media is

often a suitable alternative.

10.2

Enumeration using a solid medium

10.2.1

The Pg

Diluti
and to

General
tri dish should be labelled with the sample number, dilution, date and any other desired information|

ns should be selected to ensure that plates containing the appropriate number of coloniés are obtair]
overcome any possible inhibitory properties.

ed (see 10.3.1)

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

10.2.2 Number of Petri dishes per dilution

For epumeration techniques in food microbiology, one plate per dilution shall be used with at least two
succepsive dilutions, for laboratories which operate underquality assurance according to thg principles of
ISO 1§025. If only one dilution is performed or if a laboratory does not operate under quality assurance, then
two plptes shall be used according to ISO 8199.

10.2.3 Pour plate techniques

10.2.3.1 General

Withdfaw the defined volumes of thedilution to be examined, touching the tip of the pipette against the side of

the tu
the pi
Avoid
inocul
to cod
shall

After
water
of the

pe to remove excess liquid ‘adhering to the outside. Lift the sterile Petri dish lid just high en
pette, then dispense the ‘eantents. Pour molten agar medium at 44 °C to 47 °C into each
pouring the molten medium directly on to the inoculum. Immediately mix the molten mg
um carefully so as-to-ebtain a homogeneous distribution of the microorganisms within the n
| and solidify by~placing the Petri dish on a cool horizontal surface (the solidification tinj
ot exceed 1Q/min).

emoving.tempered agar medium from the water bath, blot the bottle dry with a clean toy
from contaminating the plates. Avoid spilling the medium on the outside of the container o
plate.lid when pouring.

ough to insert

Petri dish 2).
dium and the
hedium. Allow
e of the agar

vel to prevent
on the inside

This may require holding the bottle in a near horizontal position or refraining from setting down the bottle between
pouring steps.

If the presence of spreading colonies (e.g. Proteus spp.) is expected in the product to be examined, overlay
the solidified plates with sterile non-nutritive agar or agar identical to the culture medium used in the test3), in
order to prevent or minimize spreading.

2) Generally 18 ml to 20 ml of agar in 90 mm Petri dishes, to obtain at least 3 mm thickness.

3) Generally 5 ml of agar in 90 mm Petri dishes.
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10.2.4 Surface inoculation

10.2.41 Ge

neral

Methods of plating designed to produce only surface colonies on agar plates have certain advantages over
the pour plate method. The morphology of surface colonies is easily observed, improving the analyst’s ability

to distinguish

between different types of colony.

Microorganisms are not exposed to the heat of the melted agar medium, so higher counts may be obtained.

Use pre-poured plates, of at least 3 mm thickness of the agar medium, that are level and free from air bubbles

and surface npeisture-

To facilitate uj
specified in thd

10.2.4.2 Sp

Using a steril
suspension if

Repeat this siep for the next decimal dilution (the colonies to be counted will then-be present in a dilutio

of 10~ in the
repeat for furt

If it is necessai]
a factor of 10 {
case of other
(140 mm diam

Using a sprez
a hockey sticl
flattened at th
without touch

15 min at room temperature.

In certain case
spread as previ

10.2.4.3 Sp

10.2.4.3.1 G

The spiral-plat
and milk prody

niform spreading, the surface of solidified agar should be dried in accordance with ISO/TS 1H3
relevant International Standard so that the inoculum is absorbed within 15 min.

reading-spatula method

b pipette, transfer the inoculum (usually 0,1 ml or 0,5 ml) of the liquid test sample or of thg
the case of other samples to the agar plate (90 mm or 140 mm: in diameter, respect

case of liquid sample material and 102 in the case of other sample material) and, if nece
her decimal dilutions.

y to detect low microbial counts in the case of certain products;-the limit of detection may be incre
y analysing 1,0 ml of the sample in the case of liquid produacts and 1,0 ml of the initial suspension

bter) or over the surfaces of three small Petri dishes (90°mm diameter).
ding spatula made of glass, plastic or steel(for example made from a glass rod and shaps
about 3,5 mm in diameter and 20 cm.ong, bent at right angles at about 3 cm from one er]

e ends by heating), spread the inogllum as quickly as possible evenly over the agar s
ng the sidewalls of the Petri dish{ Allow the inoculum to absorb with the lids in place for

5 (as stated in the relevant International Standard), the inoculum may be deposited on a membrar
pbusly described.

ral-plate method

eneral

cts-and other foods.

B or as

initial
ively).
n step
Ssary,

sed by
in the

roducts. For this purpose, 1,0 ml of the inoculum is spréad either over the surface of a large Pefri dish

ed like
d and
urface
about

e then

e method, for determining the level of microorganisms has been tested in interlaboratory trials with milk

The equipment

10.243.2 P

used — the spiral plater — is described in 5.24.

reparation of agar plate

An automatic dispenser with a sterile delivery system is recommended for the preparation of agar plates, to help ensure
that the plates are level.

Pour the same quantity of agar into all the plates so that the same height of agar will be presented to the spiral

plater stylus ti

p in order to maintain the correct contact angle.

Alternatively, commercially prepared ready-to-use agar plates may be used.
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10.2.4.3.3 Plating procedure and counting

Decontaminate the stylus tip and tubing by drawing first sodium hypochlorite solution (see 5.24.4) and then
sterile water through the system before drawing the liquid sample into the stylus.

Place a pre-poured agar plate in a Petri dish on the turntable and lower the stylus. The sample is differentially
dispersed as the stylus tip rides on the surface of the rotating agar plate. Remove the inoculated plate and
return the stylus to its starting position. Decontaminate the stylus and load for the inoculation of another plate.

After incubation, put the spiral-plate counting grid centrally in place. Use the counting rule of 20 for
determining counts Choose any wedge and begin counting colonies from the outer edge of the first segment

segment contalnlng the twentieth colony. Count a corresponding area on the opp03|te sideof
divide|the number of colonies counted on both sides by the sample volume deposited in these tV

volum
accol

s of sample associated with each portion of the counting grid are given in the gperatin
panies each spiral plater.

10.2.5 Incubation

Unles
place
55 °C
any si

5 otherwise stated in specific standards, immediately invert dishes oncethey have been in
them quickly in the incubator set at the appropriate temperature. If €xcessive dehydration (

milar system of equivalent efficiency.

During
examp|
to a m|
on the

the incubation period, minor variations in the incubation temiperature may be unavoidable and
le during the usual operations of loading or unloading the incubator, but it is important that these
inimum. The duration of these variations should be monitored to ensure that they do not have a si
result.

NOTE In certain cases, it can be useful to make provision' for storing inoculated dishes at 3 °C + 2 °C for use in
incubated inoculated dishes when counting, in order to*ayoid confusing particles of the product being examined
binocular magnifying glass can also be use to distinguish-particles of product from the colonies.

In cerf
the in
this p

ain circumstances, it may be desirable for the organization of the work in the laboratories

actice does not affect the resulting counts.

Generglly, Petri dishes should(ngt be stacked more than six high for aerobic incubation and should be
each ofher and from the incibator walls by at least 25 mm. However, higher stacks with less spacing ma
in incybators fitted with airgirculation systems; in this case, the temperature distribution should be verifie

After incubation, the,dishes should normally be examined immediately. They may, however, be stored, uj
specified in specific'standards, for up to 48 h in the refrigerator. Refrigerated storage for longer periods is
if it hds been Shown to have no effect on the numbers, the appearance or the subsequent confirmation
With dertain \media containing indicator dyes, refrigerated plates should be allowed to equilibrate at ro

olonies in the
the plate and
vo areas. The
j manual that

oculated, and
pccurs (e.g. at

or in the event of strong air circulation), wrap the dishes loosely in plastic bags prior to inclibation or use

acceptable, for
eriods are kept
pnificant effect

comparison with
with colonies. A

to refrigerate

bculated dishes for a maximumiof 24 h prior to incubation. If this is done, the laboratory shall ensure that

separated from
be acceptable
l.

hless otherwise
nly acceptable
f the colonies.
m temperature

before[examining, to ensure that the correct colour is regained.

10.3 Calculation and expression of results obtained with solid media

10.3.1 Counting of colonies

Following the period of incubation stated in the specific standard, count the colonies (total colonies, typical
colonies or presumptive colonies) for each dish containing less than 300 colonies (or any other number stated
in the specific standard).

When counting typical or presumptive colonies, the description of the colonies shall be as given in the specific
standard.
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In certain cases, it may be difficult to count the colonies (for example where spreading microorganisms are
present). Consider spreading colonies as single colonies. If less than one-quarter of the dish is overgrown by
spreading, count the colonies on the unaffected part of the dish and calculate from it the number for the entire
dish. Deduct from it by extrapolation the theoretical number which should correspond to the entire dish. If
more than one-quarter is overgrown, discard the count. Consider spreading colonies in the form of chains as
one colony.

In the various methods of calculation given in 10.3.2, account shall be taken of dishes containing no colonies,
where these dishes have been retained.

When a spiral plater has been used, the colony counting is as described in 10.2.4.3.3.

10.3.2 Exprelssion of results

10.3.2.1 General

10.3.2.1.1 The cases dealt with in this subclause are general cases:

inoculatign of one 90 mm-diameter Petri dish per dilution;

maximunp number of counts for the total colonies present: 300 per dish;

— maximunp total number of colonies (typical and atypical) present on a dish when counting typical or
presumptive colonies: preferably 300 per dish;

— maximunp number of counts for typical or presumptive colonies:*150 per dish;

— number ¢f presumptive colonies inoculated for identification or confirmation (see 10.3.2.3) in each dish
retained:|in general 5.

These figures| are defined in the specific standards.

When dishes| with a diameter different from ,96-mm are used, the maximum number of colonies shall be

increased or dlecreased in proportion to the Surface area of the dishes (or membranes).

10.3.2.1.2 Tlhe methods of calculation given below are for the cases which occur most frequently when tests

are carried ¢
example, the
therefore neg
microbiologist

ut in accordance with “good laboratory practice. Special cases may occasionally occ
ratio of the dilution“factors used for two successive dilutions may be very different), an
essary for the_Gounting results obtained to be examined and interpreted by a qu
and, if necessary, rejected.

10.3.2.2 Method of-calculation: general case (counting of total colonies or typical colonies)

For a result

o_Pbe valid, it is generally considered necessary to count the colonies on at least ong

ir (for
d it is
alified

b dish
riteria

containing at

east 10 colonies [total colonies, typical colonies or colonies complying with identification

(see 10.3.2.3)].

Calculate the number N of microorganisms present in the test sample as a weighted mean from two
successive dilutions using Equation (1):

No2E

1
Vx11xd (1)
where
C is the sum of the colonies counted on the two dishes retained from two successive dilutions, at
least one of which contains a minimum of 10 colonies;
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is the volume of inoculum placed in each dish, in millilitres;

is the dilution corresponding to the first dilution retained [d = 1 when the undiluted
(test sample) is retained].

liquid product

Round off the calculated result to two significant figures. When doing this, if the third figure is less than 5, do
not modify the preceding figure; if the third figure is greater than or equal to 5, increase the preceding figure by
one unit.

Express the result preferably as a number between 1,0 and 9,9 multiplied by the appropriate power of 10, or a

whole

number with two significant figures.

Reporlt the result as the number N of microorganisms per millilitre (liquid products) or e

produ

Cts).

EXAMPLE Counting has produced the following results:

— af

— af

Roundi

10.3.2

When

identified from each of the dishes retained forithe colony counting. After identification, calculat

the di

wherg

b

g

the first dilution retained (10-2): 168 colonies;

the second dilution retained (10-3): 14 colonies.

Y ¢ 168+14 182
f = - - ~ 16 545

CVxLixd 1x11x102 0,011

hg off the result as specified above, the number of microorganisms is\'7 000 or 1,7 x 10% per millilitre or per g

.3 Method of calculation: after identification
the method used requires identification, a~given number 4 (generally 5) of presumpti

bhes, the number a of colonies complying-with identification criteria, using Equation (2):

:ﬁxc
A

is the number of\Colonies complying with identification criteria among the identified colo

is the total'mumber of presumptive colonies counted on the dish.

Roun

decimil pointiis less than 5, do not modify the preceding figure; if the first figure after the de

off the\galculated result to the nearest whole number. When doing this, if the first fi

greatdr than'or equal to 5, increase the preceding figure by one unit.

gram (other

am of product.

e colonies is
e, for each of

()

nies 4;

jure after the
cimal point is

Calculate the number N of identified microorganisms present in the test sample by replacing >.C by > in the

equati

on given in 10.3.2.2.

Round off the result as specified in 10.3.2.2.

Express the result as specified in 10.3.2.2.
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EXAMPLE

Counting has produced the following results:

at the first dilution retained (1073): 66 colonies;

at the second dilution retained (10~#): 4 colonies.

Testing of selected colonies was carried out:

of the 66 colonies, 8 colonies were tested, 6 of which complied with the criteria, hence a = 50;

of the 4 colonies, all 4 complied with the criteria; hence a = 4.

2]

a 50+4 54

=49 090

- Vx1,

Rounding off th|
product.

10.3.2.4 Method of calculation: low counts

10.3.2.4.1 Case when one dish (test sample or initial suspension or first dilution) contains less t

10 colonies

Counts from

decreases rapidly as the number of colonies decreases below 10, however. Depending on the purpose

test, a lower |

According to

per analytical
is the relative
population frg
relative stand

In case of a P

If wis set at §
the lower limit

Ixd  1x1,1x107  1,1x10~

b result as specified in 10.3.2.2, the number of microorganisms is 49 000 or 4,9 x 10* per millilitte or per

0 up to the (practical) upper limit of each method are in.the optimum precision range. Pre

mit of determination can be defined as given below.for counts lower than 10.

pram of

han

cision
of the

SO/TR 13843, the definition of limit of determination is: “Lowest average particle concentration x

portion where the expected relative standard-uncertainty, equals a specified value (RSDY)’
standard deviation, which is calculated by dividing the estimate of the standard deviation
m a sample by the mean x for that sample. Instead of RSD, the symbol w will be used 1
brd deviation. Thus, w=s/Xx .

oisson distribution, x is calculated by the equation:

0 % as the limit of acceptable relative precision (which seems to be reasonable in microbig
of determination will be at the number of colonies given by:

L _4

)2

. RSD
for a
or the

©)

logy),

Thus, results based on counts less than four should be treated as mere detection of the presence of the microorganism.

Summarizing:

If the plate contains less than 10 colonies, but at least 4, calculate the result as given in the general case
(10.3.2.2), and report it as the estimated number x of microorganisms per millilitre (liquid products) or per
gram (other products).

If the total is from 3 to 1, the precision of the result is too low and the result shall be reported as:

“Microorganisms are present but less than (4 X d) per gram or ml”.

40
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10.3.2.4.2 Case when the dish (test sample or initial suspension or first dilution) contains no colonies

If the dish containing the test sample (liquid products) or the initial suspension (other products) or the first
dilution inoculated or retained does not contain any colonies, report the result as follows:

“less than 1/d microorganisms per millilitre” (liquid products) or “less than 1/d microorganisms per gram”
(other products)

where d is the dilution factor of the initial suspension or of the first dilution inoculated or retained (d = 100 = 1

where
10.3.2

10.3.2

These

10.3.2

If the
any o
the di
the sp

I
N

wherg

the directly inoculated test sample of liquid product is retained).

4.3.1 General

cases concern the counting of typical or presumptive colonies.

4.3.2 Case 1

humber of typical and atypical colonies for the dish containing a first dilution d, is greate
her number stated in the specific standard), with visible typical_colonies or confirmed co
5h containing the subsequent dilution d, contains less than 300 colonies (or any other nur
ecific standard), and no typical or confirmed colony is visible,report the result as follows:

pss than 1/d, and more than 1/dy microorganisms per, millilitre” (liquid products) or “less
ore than 1/d, microorganisms per gram” (other proddets)

d4 and d, are the dilution factors corresponding’to the dilution d, and d5.

EXAMPLE Counting has produced the following results:

— af

— af

the first dilution retained (102): more than-300"colonies on the dish, with typical or confirmed colonies presen

the second dilution retained (103): 38.colonies, with no typical or confirmed colonies present.

The redult, expressed in microorganisis,is less than 1 000 and more than 100 per millilitre or per gram of product.

10.3.2

4.3.3 Case 2

If the
any o

humber of typical' and atypical colonies for the dish containing a first dilution d, is greate
her number:stated in the specific standard), without visible typical colonies or confirmed c

the digh containing the subsequent dilution d, contains less than 300 colonies (or any other nur

the specific_standard) and no typical or confirmed colonies are visible, report the result as follows!:

r than 300 (or
Jonies, and if,
hber stated in

than 1/d, and

K3

r than 300 (or
blonies, and if
nhber stated in

“lessthan 1/d, microorganisms per millilitre” (liquid products) or “less than 1/d, microorganis

ms per gram”

(other products)

where d,, is the dilution factor corresponding to the dilution ds.

EXAMPLE Counting has produced the following results:

—  at the first dilution retained (102): more than 300 colonies on the dish, with no typical or confirmed colonies present;

— at

The res

the second dilution retained (10-3): 33 colonies, with no typical or confirmed colonies present;

ult, expressed in microorganisms, is less than 1 000 per millilitre or per gram of product.
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10.3.2.5 Method of calculation: special cases

10.3.2.5.1

When the number of colonies counted (total colonies, typical colonies or presumptive colonies) is

greater than 300 (or any other number stated in the specific standard) for the dish containing a first dilution d4,
with a number of colonies (total colonies, typical colonies or colonies complying with identification criteria) of
less than 10 for the dish containing the subsequent dilution d,:

— if the number of colonies for the dish containing the dilution d is within the 334 to 300 interval (the upper
part of the confidence interval for a weighted mean equal to 300), use the calculation method for general
cases (see 10.3.2.2);

if the nun

nber of colonies for the dish containing the dilution dy is greater than 334 (the upper limit

of the

confideng
dilution d|
for the ¢
weighted

The figures ¢

colony counts.

EXAMPLE 1

at the first
— at the secor
Use the method
EXAMPLE 2

at the first

at the secof
Report an estima

EXAMPLE 3
results:

at the first

at the seco

The result of thig

EXAMPLE 4
results:

at the first

e interval for a weighted mean equal to 300), only take account of the result of the/cq
b and calculate an estimated count (see 10.3.2.4), except, when a maximum of 300 has_be
plony count, if this estimated count is less than 8 (lower limit of the confidence(interva
mean equal to 10), since the difference between the two dilutions is then unacceptable.

porresponding to confidence intervals shall be adapted to the maximum_number stated f

Counting has produced the following results:

flilution retained (1072): 310 colonies;

d dilution retained (10-3): 8 colonies.

f calculation for general cases using the dishes for the two dilutions, retained.
Counting has produced the following results:

lilution retained (102): more than 334 colonies in the dish;

d dilution retained (1073): 9 colonies.

ted count on the basis of the colonies courfed\in the dish for the 103 dilution.

Counting (when a maximum number, of 300 has been set for the counting of colonies) has produced the fo|

lilution retained (10-2): more-than 334 colonies in the dish;
d dilution retained (10~3):7 colonies.
counting is unaceeptable.

Counting (When a maximum number of 150 has been set for the counting of colonies) has produced the fo|

dilution retained (1072): more than 167 colonies in the dish (upper limit of the confidence interval with a W

mean equa

unt of
en set
for a

or the

lowing

lowing

eighted

to=150):
7

at the second dilution retained (10-3): 7 colonies.

Report an estimated count on the basis of the colonies counted in the dish for the 103 dilution.

10.3.2.5.2 Where the counting of colonies (total colonies, typical colonies or presumptive colonies) for each
one of the dishes for all inoculated dilutions produces a number greater than 300 (or any other number stated
in the specific standard), report the result as follows:

“more than 300/d” (in the case of total colonies or typical colonies) or “more than 300 x b/4 x 1/d” (in the

case of

confirmed colonies), expressed in microorganisms per millilitre

microorganisms per gram (other products)
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(liquid products)

or
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where

d s the dilution of the last inoculated dilution;

b is the number of colonies complying with identification criteria among the presumptive colonies 4.
10.3.2.5.3 Where the dish containing the last inoculated dilution contains more than 10 colonies and less

than 300 (or any other number stated in the specific standard) colonies (total colonies, typical colonies or
presumptive colonies), calculate the number N’ of microorganisms present using Equation (4):

[ 4)

c| is the number of colonies counted in the dish;

V] is the volume of the inoculum used in each dish, in millilitres;
d| is the dilution corresponding to the dilution retained.

Round off the result as specified in 10.3.2.2.

Report the result as the number N’ of microorganisms per miillilitre (liquid products) or pelr gram (other
produgts).

EXAMPLE Counting has produced the following results:

—  at|the last dilution inoculated (10~%): 120 colonies.

—

=1200 000

hus N' =
1x107*

Rounding off the result as specified in 10.3.2:2, the number N’ of microorganisms is 1 200 000, or 1,2 x 10° per mill{litre or per gram
of prodct.

10.3.2.6 Measurement of(uncertainty

See I$O/TS 19036 for.quantitative determinations.
10.4 [Enumeration of yeasts and moulds

10.4.1 General

Y eaststand-mottds—shotld uaual}y be-enumerated-etther b_y apout Plat\, t\/\,hu;\.iuw whteh-aHows-easter-entimeration or by
a surface spread-plate technique which provides maximum exposure of the cells to atmospheric oxygen and avoids heat
stress from molten agar. Pre-poured agar plates should be dried before being inoculated (see ISO/TS 11133).

Some yeasts and moulds can be infectious or can elicit allergic responses, sometimes even in healthy individuals. Thus it
is important to be reasonably cautious when working with them. Ideally, plates should be kept in incubators, not in an
open room. Plate lids should be removed as infrequently as possible, normally only for essential purposes such as the
preparation of a slide for microscopic examination. Flamed needles should be cooled before making transfers, to avoid
dispersal of conidia and other cells. Work benches and incubators should be disinfected routinely.

Petri dishes should be incubated in an upright position and not disturbed until the plates are ready to be counted, as

movement can result in the release of mould conidia or spores and the subsequent development of satellite colonies,
giving an overestimate of the population.
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10.4.2 Counting of colonies for yeasts and moulds

Plates with 10 to 150 colonies are usually counted. If the mycoflora consists primarily of moulds, select dishes
containing counts in the lower population range; if the mycoflora consists primarily of yeasts, dishes containing
counts up to the upper limit may be selected for counting.

If the identity of the colonies is in doubt, examine wet mounts or stains of cells from at least 5 colonies per
sample to confirm that bacteria are not present.

10.5 Enumeration using a liquid medium

10.5.1 Princijple

Test portions
microorganisr

To determine

are inoculated into a liquid medium that is designed to support the growth ofya) parn
h or a group of microorganisms, and often inhibits proliferation of non-target microgrganism

whether growth of the target microorganisms has occurred, various criteria €an be use

visual detectipn of turbidity, gas production, colour changes, subsequent isolation of thieymicroorganism

selective aga
positive and 3

Using this ap
positive or ne
examine sevg

10.5.2 Inocu

10.5.2.1

If a selective g
allowing the g
matrix and thg
bouillon, etc.,

the use of hi
microorganism|
Incompatibility
fermented pro
microbiologist
experiments us

with the matrix].

medium. The composition of the growth medium and the criteria for‘discriminating betw
negative result are defined in the corresponding standards.

proach, only a qualitative value can be attributed to each testyportion, i.e. the result is

hative. To obtain an estimate of the quantity of microorganismsthat is present, it is necess
ral test portions and use statistical procedures to determine‘the most probable number (MR

ation

General

ticular
S.

i, e.g.
5 0N a
een a

either
ary to
PN).

rowth medium is used, the addition of the test-portion should not reduce its selective properties (thereby

owth of non-target microorganisms). In. most standards, information about the compatibility of a s
liquid medium is described in the scope, but care should be taken with matrices like spices,
hs they may contain growth-inhibiting Substances which require the addition of neutralizing comp
bher dilution factors, centrifugation, filtration or immunomagnetic separation to separate the
5 from the matrix, even though) this is not always specifically defined in the corresponding stai
can also be due to the biological composition of the matrix: heavily contaminated environmental s
ucts or products with( probiotic bacteria obviously represent a bigger challenge for the ang
than samples which, Contain only very few microorganisms. For these problematic matrices, §
ing representative.microorganisms should be performed to verify that the method is indeed com|

10.5.2.2 Procedure

Unless stated

otherwise in the corresponding standards, test portion volumes of less than, or equal td

pecific
cocoa,
ounds,
target
ndards.
hmples,
lytical
piking
patible

, Tml

are normally

dded to five to ten times the volume of single-strength media. Test portions between 1 1

| and

100 ml are normally added to equal volumes of double-strength media.

For volumes greater than 100 ml, more concentrated media may be used. For special purposes, sterile dehydrated media
may be dissolved in the cold (or pre-warmed to 30 °C) sample to be analysed.

Unless stated otherwise, the time lapse between preparing the first dilution of a sample and inoculation of the last tube,

multiwell plate

or bottle should be less than 15 min.

A new sterile pipette shall be used for each dilution.
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10.5.3 Choice of inoculation system

The essence of the MPN method is the dilution of a sample to such a degree that inocula will sometimes but not always
contain viable microorganisms. The “outcome”, i.e. the number of inocula producing growth at each dilution, will give
an estimate of the initial concentration of bacteria in the sample. In order to obtain estimates over a broad range of
possible concentrations, microbiologists use serial dilutions, incubating several tubes (or plates, etc.) at each dilution. The
most probable number (MPN) of microorganisms present in the original sample, and the precision of the estimate, can be
calculated by statistical procedures on the basis of the numbers of positive and negative tubes observed after incubation.

Make a choice from the various MPN configurations available according to

the-expected-numberof-microorganisms-n-the-sample-underinvestigation
*pPectee-RtH RO +HHGE FgaHSHSHHRe-Sape-Hhae iy HEgaHOH;

regulatory requirements,

the precision needed, and

[OY)

Ny other practical considerations.

The measurement uncertainty depends on the number of positive test partions observed in a r
way gs the measurement uncertainty of a colony count depends on the number of colonie
Measyirement uncertainty increases as a function of the square root of.the number of tubes used
of tubes has to be quadrupled to halve the measurement uncertainty. When systems havin
replicate tubes are used, the measurement uncertainty is low.

Depending on their size, test portions can be inoculated inte tubes or bottles containing the reg

bughly similar
5 on a plate.
. The number
g only a few

uired amount

of liquid medium. For small test portions, multiwell plates.can also be used.
10.5.3.1 Single-dilution system
When| the expected concentration of microorganisms is small or expected to vary only modera

appropriate inoculation system is a single seties of equal test portions. Where the expected rat
maximum and minimum number of microdrganisms is less than about 25, ten parallel test
smallgst number expected to function; with 50 parallel tubes, a ratio of 200 is the limit. Exam
dilution MPNs are given in Annex B, Tables B.1 to B.4.

10.5.3.2 Multiple-dilution system

When|the concentration of microorganisms in the sample is unknown, or if great variation is antig
be nefessary to inoculate series of tubes from several dilutions. Inoculate a sufficient number
ensurg a system with/both positive and negative results. The number of dilutions also de
calculgtion method-~used for estimating the MPN value. If tables need to be used, then resu

tely, the most
between the

i
rIortions is the

les of single-

ipated, it may
of dilutions to
bends on the
ts from three

dilutions must.be) available, and the configurations of the systems are restricted to those available in tables.

With gomputer, programs, the numbers of dilutions and parallel tubes are unrestricted.

10.5.3.3- Symmetric dilution system

The most commonly applied symmetric MPN system uses three or five parallel tubes per dilution. The
precision obtained with this system declines rapidly with lower numbers of tubes per dilution. Results from a
three-tube design are hardly more than indications of the order of magnitude of the concentration. If more
precision is required, it is recommended that five or more parallel tubes are chosen. Examples of a three-tube
MPN and a five-tube MPN are given in Annex B, Tables B.5 and B.7, respectively.

10.5.3.4 Non-symmetric dilution system

In non-symmetric systems, the different dilution levels do not have the same number of tubes. Use these
systems only to estimate numbers of microorganisms within a well-defined range. For examples, refer to
ISO 8199.
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10.5.4 Incubation

Incubate the inoculated tubes, flasks or bottles in an incubator or in a water bath. Place multiwell plates in an

incubator.

Choose the duration and the temperature of incubation after reference to a specific standard method, as they
depend on the microorganism or group of microorganisms sought.

For some microorganisms, a two-stage incubation procedure and/or a confirmation step may be necessary.
Refer to the specific standards for details.

10.5.5 Interp

The criteria
microorganisr
number of po

10.5.6 Determination of MPN values

There are thr
consultation d
same statistic

10.5.6.1

10.5.6.1.1 Approximate formula for all cases

The approxim

following equdtion (adapted from Reference [36]):

MPN = ]
N

where

my

Mathematical formulae

retation of results

hat distinguish positive from negative results vary with each microorganism or\grd
ns and are defined in the corresponding standards. Using these criteria, count ahd reco
itive results obtained with all the test portions derived from one sample.

be different possibilities for determining the MPN value: calculation with mathematical forr
f MPN tables, or utilization of specific computer programs. Provided that they are based
al considerations, they are equally valid. These three methods.aré detailed below.

ate MPN values for any number of dilutions_and parallel tubes are derived by application

prmr

mg X My

s the number of positive tubes;
s the sample reference mass, in grams;
s the totalmass, in grams, of sample in all tubes with negative reactions;

s the'total mass, in grams, of sample in all tubes.

up of
rd the

nulae,
bn the

of the

comatimaoc 100
\"A%J

MPN is expre

10.5.6.1.2

a)
I/

SOt Tco—t

"Exact" solution for one series of tubes

The MPN value for a single series of tubes is derived from the formula:

MPN =

Mm

where

my

46

my

n

i

n—zp

is the sample reference mass, in grams;
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my, is the mass, in grams, of sample in each tube of the series;
In is the natural logarithm;

n is the number of tubes in the series;

is the number of tubes with a positive reaction.

10.5.6.1.3 Precision estimates single-dilution assays

The 95 % confidence limits of the MPN estimate can be calculated approximately using the equation:

wherg
x| is the upper or lower 95 % confidence limit;

nl. is the sample reference mass, in grams;

 is the mass, in grams, of sample in each tube of the’series;
Il is the natural logarithm;

n| is the number of tubes in the series;

4 is the number of tubes with a negative reaction.

The pjus sign is connected with the Jower limit and the minus sign with the upper limit. The approximation is

not very good when most of the tubes are negative (sterile) but improves when the proportion of positive tubes
incregses.

10.5.4.1.4 Precision estimates symmetrical multiple-dilution assays

The Idg4( standard uncertainty of a symmetrical multiple-dilution MPN system can be obtained frpm Cochran’s
approkimate equation 28l

SE - 058 |- 2910/

n

where
SE is the standard error of log,yMPN;
fis the dilution factor between consecutive dilutions (mostly 10);
n is the number of tubes per dilution.

The upper and lower 95 % confidence limits can be approximated respectively by multiplying and dividing the
MPN estimate by the antilogarithm of 2 x SE. This procedure tends to exaggerate the upper confidence limit.
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10.5.6.2 MP

07(E)

N tables

10.5.6.2.1 Tables for single-dilution systems

Tables B.1 to B.4 (Annex B) give the MPN values and the 95 % confidence intervals per test portion for 10,

15,20 and 25

parallel tubes [each tube is inoculated with the same (single) dilution].

To express the outcome per sample reference mass (or volume for liquid samples), multiply the MPN and the
95 % limit values by the ratio (reference mass)/(test portion mass). Do not multiply the logarithmic standard
uncertainty. The reference mass in food microbiology is usually 1 g. The test portion mass corresponds to the
amount of sample (in grams) that is present in the volume used to inoculate the tubes, e.g. 0,1 g if 1 ml of the

Aata hoa d

hac ALco.
Tt PoCCostor

10~1 homoge
EXAMPLE

Twenty tubes of]
of the tubes shoy
1,61 as the most

Each tube rece
microorganisms

la
MPN = —
0

9

with the 95 % cd

lower 95 ¢

upper 95 9

10.5.6.2.2 T

With symme
(Table B.5) of
the MPN tabl
the reference

Some combir
positive resul
combinations
is a result wit
worst cases g
of the analysi

(Reference [30])

double-strength broth were inoculated with 5 ml aliquots of a tenfold-diluted sample (0,1 g/ml). After incuba
ed visible growth. What was the most probable bacterial density (organisms per gram) in the sample? Table B
probable number of organisms per tube, with a lower 95 % limit of 0,93 and an upper 95 % limit/of 2,77.

ved a test portion of 5 ml, which corresponds to 0,5 g of sample. Therefore, the~most probable nur
n 1 g of sample is given by:

1

5— per gram = 3,2 per gram

nfidence interval ranging from

... 0,93
limit = —— per gram = 1,9 per gram;

s

L. 2,77
limit = —— per gram = 5,5 per gram.

s

ables for multiple-dilution systems: three successive dilutions

rical systems, it is common' practice to use three successive dilutions with either
five (Table B.7) replicates.)Record the number of positive results for each set of tubes ang
b for the inoculation system used, read the most probable number of microorganisms pres
volume of the sample;

s 0, 0, 3 is much less likely to occur than the combination 3, 2, 1. To quantify this probabi
of positive results have been attributed with a category, ranging from 0 to 3. A category 1
N higher-probability, whereas a category 3 result is rare and may not be reproduced easil

ion, 16
3 gives

hber of

three
, from
ent in

ations of positive tubes are more likely to occur than others. For example, a combinafion of

ity, all
result
y. The

re gategory 0 results; they should be considered with great suspicion. Assuming that the fesults

5 @re correct, one would expect that 95 % of the observed combinations would fall in categ

ory 1,

4 % in categ
Table B.6.

ryzZ, U,97 In category s and onty U, T 7 In Category U. CLategories are turther explal

ed in

In the case where more than three dilutions are made, the selection of the “right” combination of three
consecutive dilutions is not always very clear. However, this can be easily done by recording all possible

combinations

of positive tubes and reading the corresponding category from Table B.5.

Thereafter, apply the following rules:

1)

Select the combination of three consecutive dilutions having a category 1 profile to obtain the MPN

index. If more than one combination having a category 1 profile is obtained, use the one with the
highest number of positive tubes.

48
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2) If no combination having a category 1 profile is available, use the one having a category 2 profile. If
more than one combination having a category 2 profile is obtained, use the one with the highest
number of positive tubes.

3) If no combination having a category 2 profile is available, use the one having a category 3 profile. If
more than one combination having a category 3 profile is obtained, use the one with the highest
number of positive tubes.

Some examples are shown in Table 1.

Table 1 — Examples of the selection of positive results for the calculation of the MPN

MPN §
product broducts
(ml=") (g™
I[;ir?)l(;iljjct: 10 ml 1 ml 10"ml | 102ml | 103 m|
g:gg;cts: 19 101g | 102g | 1089 | 1o?g
1 3 3 2 1 0 1,1 x 10° 1,1 x 102
2 3 3 3 0 2,4 x 10! 2,4 x 102
3 2 2 1 1 0 7.4 1,4 x 10'
4 3 3 0 0 0 2,4 2,4 x 10!
5 2 2 0 1 0 2,1 x 10" 2.1
a8l Underlining indicates combination selected.
bl Calculated using the MPN index (see Table B.5).

10.5.6.3 Computer programs

The njost versatile computer programs pose no restrictions regarding numbers of dilutions and
or symmetry of the MPN system; MPN Assay Analyzer is a freely available program based up

program (see Reference [29]):

10.5.7 Expression of-results

From the MPN index read from table B.5 [according to the combination of three (or five) consec
retaingd], determine the most probable microorganisms in the reference volume.

Report results as the most probable number of microorganisms (or specific group of microo
gram prmillilitre. The mass or the reference volume can be different from g or ml (for example 100 g or |

11 Detection method (qualitative method)

11.1 General

parallel tubes
bn a previous

utive dilutions

ganisms) per

00 ml).

A detection method is a method that determines the presence or absence of particular microorganisms in a

given quantity of product.
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11.2 Principle

Unless otherwise stated in the relevant International Standard, mix (liquid products) or homogenize (other
products) a quantity P of the product to be examined with 9 x P ml or 9 x P g of an elective and/or a selective
broth.

To facilitate the recovery of stressed microorganisms in foods, samples are usually pre-enriched in a non-
selective broth followed by selective enrichment and isolation on selective/differential agar media. The use of
two different enrichment broths, as well as two or more selective agar media, increases method sensitivity.

After incubation, spread a loop of the culture obtained over the surface of a selective agar medium in such a

manner as to,obtain-isclated-colonies—Unless-otherwise. cfnfnr{, the incubated enrichment broths may |y be
refrigerated after evaluation of the impact of refrigeration on the results and only if clearly stipulated in\the test
report.

A number (generally five per agar plate) of the colonies obtained after incubation is then “identified|using
appropriate cpnfirmation techniques.

The selection gf colonies for confirmation should cover representative suspect colony types.

11.3 Measurement of uncertainty

The estimation|of the measurement uncertainty of qualitative determinations is being'investigated by ISO/TC 34/SC 9.
12 Confirmation methods

12.1 General

Use only purg cultures for biochemical and serological confirmation.

The reference ¢onfirmation tests are described in the specific standards. As an alternative to biochemical tests degcribed
in these specific standards, confirmation methods described in this clause (biochemical galleries, nucleic probes) may be
used under the [conditions described in the clause,\unless otherwise stated in specific standards.

12.2 Preparation of a pure culture

Begin the prgparation of a pure-culture by the selection of a single colony on or in an agar medium| Then
inoculate the selected colony.onto a non-selective agar medium. After incubation, select a well-isolated ¢olony
for subsequent confirmation/tests. Repeat the operation if necessary.

If possible, th¢ confirmation tests should be carried out using cells from a single colony. If there is insufficidnt cell
material in ong colony; it should first be subcultured in a liquid medium or on an agar slant medium, after which the
subculture can pe-used for the tests to be performed.

12.3 Gram’s stain (modified Hucker technique)

12.3.1 General

This way of staining bacterial cells allows description of the morphology of the bacteria and classification of
them into two groups as a function of whether or not they are capable of retaining the crystal violet stain
(Gram +) under the test conditions. This division results mainly from differences in the structure of the cell
walls of the two groups and it correlates with other major differences between the two groups.

A satisfactory alternative to Gram staining is the use of 3 % potassium hydroxide (KOH) solution. A loopful of the
bacterial growth is stirred in 2 drops of the KOH solution. Gram-negative bacteria will cause the solution to become very
viscous and mucoid within 30 s, with a string of the mixture following the loop when raised.
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There are a number of ways of conducting a Gram'’s stain, but all follow the sequences given below.

12.3.2 Solutions

12.3.2.1 General

Commercially available solutions may be used.

In this

case, follow the manufacturer’s recommendations.

12.3.2.2 Crystal violet solution

12.3.2

Crysts
Ethan
Ammg
Water

12.3.2

Disso
solutiq

12.3.2

12.3.2

lodine
Potas
Water

12.3.2

Disso

.21 Composition

| violet 2,04g
bl (95 %) 20 ml
nium oxalate (C,HgN,O,) 08¢

80 ml
.2.2 Preparation

ve the crystal violet in the ethanol, and the ammonium eXalate in the distilled water
ns and allow the mixture to stand for 24 h prior to use.

.3 lodine solution

.3.1 Composition

1,09
s5ium iodide (KI) 2,09

100 ml
.3.2 Preparation

ve the potassium iodide, in 10 ml of water and add the iodine in fractions. After dissolvin

Mix the two

j, make up to

100 m|l in a volumetric flask-

12.3.2.4 Safranin-solution

12.3.2.4.1 Composition

Safrapin 0,25¢g
Ethanpl195 %) 10 ml
Water 100 ml

12.3.2.4.2 Preparation

Dissol

ve the safranin in the ethanol then mix with the distilled water.

12.3.3 Staining technique

After flame-fixing a bacterial film on a microscope slide, prepared from an 18 h to 24 h culture or when the
broth is turbid, cover the film with the crystal violet. Allow to react for 1 min.

Gently rinse the inclined slide with water for a few seconds.
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Cover the slid

e with the iodine solution. Allow to react for 1 min.

Gently rinse the inclined slide with water for a few seconds.

Pour gently and continuously a film of ethanol (95 %) onto the inclined slide over a period of not more than
30 s until no more violet colour is washed out.

Gently rinse the inclined slide with water in order to eliminate the ethanol. Cover the slide with the solution of
safranin for 10 s. Gently rinse the inclined slide with water.

Dry the slide.

12.3.4 Interpretation

Examine the
or violet are
negative (Gra

For a pure cul
microscope fie

NOTE Def

12.4 Use of

Available biocl

Verify that thg¢ galleries are suitable, as shown by evaluation studiés published in the international sc

literature, pre
does not have

The laboratory

The manufact
galleries' perfi

The galleries
supplementeq

12.5 Use of

Currently avail

However, ver
published in
Reference [2]
those probes.

slide under the high-power oil objective of a microscope. Those bacterial cells which @ppes
ermed Gram-positive (Gram +); those which are coloured dark pink to red are_termed
m -).

ure of certain bacteria types, both Gram-positive and Gram-negative cells can_be ‘obtained in th
d.

isely packed cells can give an uncharacteristic response.

biochemical galleries for identification

iemical galleries may be used for identification of isolated coloni€s.

erably relating to food microbiology#). This verification is especially important if the manufa
validation data on those galleries.

should obtain a control certificate for each batch, with an indication of the test strains.

urer shall also specify control strains that the laboratory may use to verify the preservation
brmance.

shall include, as a minimumj. the biochemical tests described in specific standards
by other tests.

nucleic probes for.identification
hble nucleic probes, may be used for identification of isolated colonies.
fy that the ‘nucleic probes used for confirmation are suitable, as shown by evaluation

1). This:verification is especially important if the manufacturer does not have validation d

r blue
Sram-

£ same

entific
cturer

of the

or be

tudies

the international scientific literature, preferably relating to food microbiology (se¢ e.g.

Ata on

The laboratory should obtain a control certificate for each batch, with an indication of the test strains.

The manufacturer shall also specify control strains that the laboratory may use to verify the maintenance of
probe performance.

4) Requests for information should be addressed to the national, regional or international reference centre indicated for each
microorganism.
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12.6 Serological methods

12.6.1 General

When serological confirmation is needed, perform it after biochemical identification of isolated colonies.

12.6.2 Slide agglutination tests

Antigen-antibody reactions cause bacterial cells to clump together and form flocculent masses or dense
granules. In the case of bacteria of the family Enterobacteriaceae, the reaction between the “H” (i.e. flagellar)
antigen and its homologous antiserum results in flocculent clumping, whereas the reaction involving the “O”
(i.e. spmatic) antigen results in more dense, granular clumping.

Beforq agglutination with antisera, a test should be carried out to determine whether the bacterial celly agglutinate in
sodium chloride solution [3 % (by mass)]. If the bacterial cells agglutinate, the strain is autoagglutinable [and should not
be aggjutinated with antisera.
Commercially available antisera are of two types: polyvalent antisera which react with microofganisms of a
particlilar genus or with groups of serovars and which are suitable for preliminary screening| and specific
monoglonal antibodies, the use of which allows identification of a particular<serovar.

The laporatory should obtain a control certificate for each batch of antiseragwith an indication of the test sfrains.

Verify| that the slide agglutination tests are suitable, as shown by evaluation studies published in the
interngitional scientific literature, preferably relating to food microbiology®).

When psing the reagents, suitable positive and negative controls-should be used.

12.6.3 Latex agglutination test
A mdre rapid method is commercially available, employing latex particles coated with group-specific
antibgdies (e.g. Escherichia coli O157; s€e specific standard 1SO 16654, or Staphylococcus aureus in
ISO 6888). The antigen in the extract is tested against a range of latex reagents.

Verify| that the latex agglutination,*tests are suitable, as shown by evaluation studies published in the
interngitional scientific literature{ preferably relating to food microbiology®).

The laporatory should obtain-a control certificate for each batch, with an indication of the test strains.

When psing the reagents, suitable positive and negative controls should be used.

13 Tlest report

The test-report shall specify the method used, the temperature of incubation, if necessary, and the results
obtained. It shall also mention any operating details not specified in this International Standard, as well as
those regarded as optional, together with details of any incidents that may have influenced the results.

State also in the test report whether further tests are to be carried out by a reference laboratory or, if such
tests have been carried out, what the results were.

The test report should include all information necessary for the complete identification of the sample. It is also
appropriate to include all information necessary for the interpretation of the test results.

5) Requests for information should be addressed to the national, regional or international reference centre indicated for
each microorganism.
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