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Foreword

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

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document is intended to provide general guidance for the examination of products not dealt
with by existing International Standards and to be taken into account by organizations preparing
microbiological test methods for application to foods or animal feeding stuffs. Because of the large
variety of products within this field of application, these guidelines may not be appropriate in every
detail for certain products, and for some other products, it may be necessary to use different methods.
Nevertheless, it is hoped that in all cases, every attempt will be made to apply the guidelines provided
as far as possible and that deviations from them will only be made if absolutely necessary for technical
reasons

Theg main changes, listed in the foreword, introduced in this document compared to ISO"21328-2:2004,
arelconsidered as minor changes (see ISO 17468).

Theg harmonization of test methods cannot be immediate, and for certaim)groups of products,
Intdrnational Standards and/or national standards may already exist that.da not comply with this
horjzontal method. It is hoped that when such standards are reviewed, they'will be changed to comply
with this document so that eventually the only remaining departures from this horizontal method will
be those necessary for well-established technical reasons.

© IS0 2017 - All rights reserved v
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INTERNATIONAL STANDARD ISO 21528-2:2017(E)

Microbiology of the food chain — Horizontal method for
the detection and enumeration of Enterobacteriaceae —

Part 2:
Colony-count technique

WARNING — In order to safeguard the health of laboratory personnel, it is essential that tests for
detpcting Enterobacteriaceae are only undertaken in properly equipped laborateéries,junder the
control of a skilled microbiologist, and that great care is taken in the disposal, of all [incubated
materials. Persons using this document should be familiar with normal-daboratory practice.
This document does not purport to address all of the safety aspects, if any,"associat¢d with its
usel. It is the responsibility of the user to establish appropriate safety and-health practices.

1 [Scope
Thif document specifies a method for the enumeration of Enterabacteriaceae. It is applicable|to
— |products intended for human consumption and the feeding of animals, and
— |environmental samples in the area of primary produgction, food production and food handling.

Thip technique is intended to be used when the number of colonies sought is expected to befmore than
100 per millilitre or per gram of the test sample.

Theg most probable number (MPN) technique;‘as included in ISO 21528-1, is generally used when the
number sought is expected to be below 100-per millilitre or per gram of test sample.

2 |Normative references

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

[SO|6887 (all parts)i-Microbiology of the food chain — Preparation of test samples, initial susgension and
declmal dilutionsfor’microbiological examination

[SO| 7218, Microbiology of food and animal feeding stuffs — General requirements and glyiidance for
miclrobiologieal examinations

[SO| £1133, Mlcrobzology of food animal feed and water — Preparation, production, storage and

L&
per OT1rairce bcouug U_I cUtctie uu:ulu

ISO 18593, Microbiology of food and animal feeding stuffs — Horizontal methods for sampling techniques
from surfaces using contact plates and swabs

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

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

© IS0 2017 - All rights reserved 1
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3.1
Enterobac

teriaceae

microorganism that forms characteristic colonies on violet red bile glucose agar and that ferment
glucose and show a negative oxidase reaction when the tests are carried out in accordance with the
methods specified in this document

3.2

count of Enterobacteriaceae
number of Enterobacteriaceae found per millilitre or per gram of the test sample or per unit area
swabbed, when the test is carried out according to the method specified in this document

4 Prin(Jiple

4.1 Preparation of initial suspension and decimal dilutions

An initial s

4.2

Violet red
product is
medium is
test sample

The dishes

NOTE ]
medium is §
Alternative

conducted for technological purposes and includes psychrotrophic Enterobacteriaceae. In this document, 3

will be used

4.3 Conl

Colonies of
by means ¢

4.4 Calc

The numb
number of

Isolation and selection for confirmation

uspension and decimal dilutions are prepared from the test sample.

bile glucose (VRBG) agar is inoculated with a specified quantity of the test sample if
liquid, or of the initial suspension in the case of other products. An overlay of the s
added. Other plates are prepared under the same conditions, using decimal dilutions of]
 or of the initial suspension.

are incubated at 37 °C (or 30 °C) for 24 h.

enerally used when the detection and enumeration of Enterobacteriaceae is for a hygiene indic
y, a temperature of 30 °C can be chosen when the detection or enumeration of Enterobacteriace

throughout the text.

firmation

f tests for the fermentatiomn of glucose and the presence of oxidase.

ulation

br of Enterobuacsteriaceae per millilitre or gram of the test sample is calculated from
confirmed typical colonies per dish.

5 Dilu

ti‘calture media and reagent

the
hme
the

'he incubation temperature of 37 °C for enrichment and isolation/enumeration on the pldting

htor.
e is
7 °C

presumptive Enterobacteriaceae are subcultured onto non-selective medium, and confirmed

the

For current laboratory practice, see 15U /Z1o.

Composition of culture media and reagents and their preparation are described in Annex A.

For performance testing of culture media, see ISO 11133 and Annex A.

6 Equipment and consumables

Disposable equipment is an acceptable alternative to reusable glassware if it has suitable specifications.

Usual micr

obiological laboratory equipment (see ISO 7218) and, in particular, the following.

6.1 Apparatus for dry sterilization (oven) or wet sterilization (autoclave), as specified in ISO 7218.

© ISO 2017 - All rights rese
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Incubator, capable of operating at 37 °C = 1 °C (or 30 °C = 1 °C).

6.3 Drying cabinet (ventilated by convection) or incubator, capable of operating between 25 °C

and

50 °C.

6.4 Water baths, one capable of being maintained between 47 °C to 50 °C and another capable of
being maintained between 44 °C to 47 °C.

6.5

Test tubes or flasks, of appropriate capacity.

6.6
larg

6.7
nicl

6.8
6.9

6.1

7

de
san
on i

Red

It i
hav

Sanrpling is not part of the method specified in this document. See the specific Internationa
a

Petri dishes, made of glass or plastic, with a diameter of approximately 90 mm jand
e size (diameter approximately 140 mm).

(optional)

Loops (of diameter approximately 3 mm) and wires, made of (platinum/iridium or

el /chromium, and/or glass rods, or equivalent sterile disposable loops ordnoculating ne

bdles.

Graduated pipettes or automatic pipettes, of nominal capacities(19 ml, 1 ml and 0,1 1nl.

pH-meter, accurate to within #0,1 pH unit at 25 °C.

) Homogenizer, as specified in SO 7218.

Sampling

| Standard

ing with the product concerned. If there s no specific International Standard dealinlg with the

pling of the product concerned, it is recommended that the parties concerned come to an
his subject.

ommended sampling techniquesare given in:
ISO/TS 17728 for food and.animal feed;

ISO 13307 for primary(uoduction stage;

ISO 17604 for carcasses;

[SO 18593 foréenvironmental samples.

important\that the laboratory receives a sample that is representative and the sample
e been damaged or changed during transport or storage.

agreement

should not

8

Preparation of test sample

Prepare the test sample in accordance with the specific International Standard appropriate to the
product concerned. If there is no specific International Standard available, it is recommended that the
parties concerned come to an agreement on this subject.

9

9.1

See

Procedure

General

[SO 7218.

© IS0 2017 - All rights reserved
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9.2 Test portion, initial suspension and dilutions

See ISO 6887 (all parts).

Prepare a single decimal dilution series from the test sample if the product is liquid, or from the initial
suspension in the case of other products.

9.3

Inoculation and incubation

9.3.1 Take one sterile Petri dish (6.6). Using a sterile pipette (6.8), transfer to the dish 1 ml of the test

sample if tite productis tiquid, or I mi of the {nitial SUSpension In case of other products. 4 |

Repeat the
each diluti

If only the

9.3.2 Ad
which has |

procedure described with the further dilutions, if necessary, using a fresh sterile pipette
D1,

nitial suspension is used, then inoculate two plates of this dilution (ISO 721§}

1 into each Petri dish approximately 15 ml of the violet red bile glucose (VRBG) agar (
peen prepared then cooled to 44 °C to 47 °C in the water bath (6.4). The time elapsing betw

the inocul
exceed 15

Carefully

solidify, with the Petri dishes standing on a cool surface.

9.3.3 Aft
of the violg
spreading

9.3.4 Inv

9.4 Coul
Characteri

Select the
Then choo
confirmati
colonies pr

Spreading
by spreadi
theoretical
colonies, d

ion of the Petri dishes and the moment when the medium is poured/into the dishes shall
in.

for

A.2)
een
not

ix the inoculum with the medium by horizontal moyéments and allow the mediunp to

er complete solidification of the mixture, add a covering layer of approximately 5 ml to 1
t red bile glucose (VRBG) agar (A.2), prepared ‘then cooled as described in 9.3.2, to prey
browth and to achieve semi-anaerobic conditigis. Allow to solidify as described above.

ert the prepared dishes and incubate thém at 37 °C (6.2) for 24 h + 2 h.

ting and selection of coloniésfor confirmation
Ktic colonies are pink to redworpurple (with or without precipitation haloes).

dishes (see 9.3.4) containing less than 150 characteristic colonies; count these color
be at random five such colonies from each dish for subculturing (see 9.5) for the biochem

esent.
hg, count the colonies on the unaffected part of the dish and calculate by extrapolation

number of colonies for the entire plate. If more than one-quarter is overgrown by spreag
scard'the count.

) ml

rent

ies.
ical

bn tests (see 9.6).IP there are less than five colonies on the plate, take all presumpfive

rolonies shallbe considered as single colonies. Ifless than one-quarter of the dish is overgrown

the
ling

Certain Enferobacteriaceae may cause decolouration of thelr colonies or of the medium. Therefore,
when no characteristic colonies are present, choose five whitish colonies for confirmation.

9.5 Subculturing selected colonies

Streak the selected colonies (9.4) onto the surface of pre-dried non-selective agar medium (A.3), in a
manner which will allow well-isolated colonies to develop.

Incubate these plates at 37 °C for 24 h + 2 h.

Select a well-isolated colony from each of the incubated plates for the biochemical confirmation tests
(see 9.6).
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9.6 Biochemical confirmation tests

9.6.1 Oxidase reaction

Using a platinum/iridium loop, wire or glass rod (6.7), take a portion of each well-isolated colony (see
9.5) and streak onto a filter paper moistened with the oxidase reagent (A.5) or onto a commercially
available disc or stick. A nickel/chromium loop or wire shall not be used.

Consider the test to be negative when the colour of the filter paper does not turn dark blue purple
within 10 s.

Consult the manufacturer's instructions for ready-to-use discs or sticks.

9.6)2 Fermentation test

Using a wire (6.7), stab the same colonies selected in 9.5 that gave a negative-oxidase test]into tubes
confaining Glucose OF medium (A.4). Overlay the surface of the medium withbminimal 1 cin of sterile
mirferal oil (A.6).

Incfibate these tubes at 37 °C for 24 h + 2 h.

If alyellow colour develops throughout the content of the tube, regdrd the reaction as being gositive.

9.6j3 Interpretation of biochemical tests

Colgnies that are oxidase-negative and glucose-positive‘are confirmed as Enterobacteriaceaq.

10|Expression of results

See[ISO 7218. Calculate and report the results as the number of Enterobacteriaceae in cfy per gram,
millilitre, per square centimetre or per sampling device.

11|Performance characteristics of the method

11./1 Interlaboratory study

Results of the interlaboratory study to determine the precision of the method are symmarized
in Annex B. Repeatability and reproducibility limits were determined using five typps of food
confaminated at various levels. The values derived from the interlaboratory study may not b¢ applicable
to cpncentrationdanges and food types other than those given in Annex B.

NOTE Inntkis document, the word “type” is combined with “food” to improve the readability of this document.
However,the word “food” is interchangeable with “feed” and the other areas of the food chain as njentioned in
the pcepe of this document.

11.2 Repeatability limit

The absolute difference between two independent single (logip-transformed) test results (number
of cfu per gram or per millilitre) or the ratio of the higher to the lower of the two test results on the
normal scale, obtained using the same method on identical test material in the same laboratory by the
same operator using the same apparatus within the shortest feasible time interval, will, in not more
than 5 % of cases, exceed the repeatability limit r.

As a general indication of repeatability limit (r), the following values (derived from the mean of the
variance estimates for all levels per matrix tested in the interlaboratory study (see Annex B) may be
used when testing samples:

r=0,37 (expressed as a difference between logig-transformed test results); or

© IS0 2017 - All rights reserved 5
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r = 2,33 (expressed as a ratio between test results).

EXAMPLE

3,63 (4,0-0

A test result of 10 000 or 1,0 x 104 or log1g 4,0 cfu per gram of sample material was observed
in a given laboratory. Under repeatability conditions, the difference between logjo-transformed results should
not be greater than *0,37 logjp units. So the result from a second test of the same sample should be between

,37) and 4,37 (4,0 + 0,37) log1p units.

For non-log-transformed results, the ratio between the first test result and the second test result from the same
sample should not be greater than 2,33. So the second test result should be between 4 290 (= 10 000/2,33) and
23300 (10 000 x 2,33) cfu per gram.

11.3 Rep

The absolu
per millilit
using the

using diffe

As a gener
variance e
when testi

R =0,87 (e
R =738 (e

EXAMPLE 1
first laborat

be greater t
4,87 (4,0 + (

For non-log
laboratory
1360 (=10

EXAMPLE 2
compliance
multiplied §

The factor

exceeded; if

oducibility timmit
ke difference between two single (logio-transformed) test results (number of cfu pet'grar

bame method on identical test material in different laboratories with different opera
Fent equipment, will, in not more than 5 % of cases, exceed the reproducibjlitylimit R.

h] indication of reproducibility limit (R), the following values (derived from the mean of
btimates for all levels per matrix tested in the interlaboratory study (See Annex B) are u
ng food samples in general:

kpressed as a difference between logyg-transformed test resultsy; or
(pressed as a ratio between test results).

A test result of 10 000 or 1,0 x 104 or log1g 4,0 cfu per.gpam of sample material was observed|
ory. Under reproducibility conditions, the difference hetween logip-transformed results should
han +0,87 log1o units. So the result from a second labératory should be between 3,13 (4,0 - 0,87)
,87) log1p units.

Htransformed results, the ratio between theltest result from this first laboratory and a sed
Khould not be greater than 7,38. So the @esult from the second laboratory should be betw
D00/7,38) and 73 800 (10 000 x 7,38) cfulper gram.

A laboratory wants to know the*maximum value it may find for a sample, which is sti
with a pre-set limit (e.g. a limit of 1 000 or logio 3). For this, the R value (on the log scale) has t
y a factor of 0,59.

,59 reflects the fact thatla test with a one-sided 95 % interval is used to test whether the lim
1,64

1,96x+/2

is obtained from thefelfowing formula: 0,59 =

The maxim§im value is 0,5X (0,87 x 0,59) as a difference between logjp-transformed test results or 3,26 (10

as aratiob

btween test results. So results up to logig 3,51 (logo 3 + log1o 0,51) or 3 260 (1 000 x 3,26) dg

indicate nor-compliancgwith the limit.

1 Or

re) or the ratio of the higher to the lower of the two test results on the normal scale,obtained

[OT'S

the
sed

ina
not
and

ond
'een

l in
b be

it is

),51)
not

12 Test l[eport

The testre

port shall specify:

the test method used, with a reference to this document, i.e. ISO 21528-2;

the sampling method used, if known;

details of any incidents which may have influenced the test result(s);

any de

viations (e.g. in the media or the incubation conditions used);

all information necessary for the complete identification of the sample;

the test result(s) obtained.

all operating conditions not specified in this document, or regarded as optional, together with

© ISO 2017 - All rights reserved
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13 Quality assurance

The laboratory should have a clearly defined quality control system to ensure that the equipment,
reagents and techniques are suitable for the test. The use of positive controls, negative controls and
blanks are part of the test. Performance testing of culture media is specified in Annex A and described

in [SO 11133.

© IS0 2017 - All rights reserved
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Annex A
(normative)

Culture media and reagents

A.1 Dilyent
As specified in [SO 6887-1 and ISO 18593.

A.2 Violet red bile glucose (VRBG) agar

A.2.1 Composition

Enzymatic|digest of animal tissues 70g

Yeast extrdct 30g

Bile salts 1,5¢g
Glucose 100 g
Sodium chloride 50¢g
Neutral re 0,03 g
Crystal VicIet 0,002 g
Agar 9gto18ga
Water 1000 ml

a Depending on the gel strength of the agar.

A.2.2 Preparation
Dissolve thle components.or the dehydrated complete medium in the water by boiling.
Adjust the pH, if negessary, so that after boiling it is 7,4 + 0,2 at 25 °C.

Dispense the etilture medium into sterile tubes or flasks (6.5) of appropriate capacity.

Do not sterthizethenrediom:
Prepare the medium just before use. Use the molten medium within 4 h of its preparation.
A.2.3 Performance testing for the quality assurance of the culture medium

For the definition of selectivity and productivity, refer to ISO 11133. Table A.1 shows the performance
criteria of violet red bile glucose (VRBG) agar.

8 © IS0 2017 - All rights reserved
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Table A.1 — Performance criteria of violet red bile glucose (VRBG) agar

Medi- | Microorgan- | Function | Incubation | Control |WDCM2| Refer- | Method |Criteria8| Charac-
um isms strains num- ence |of control teristic
ber media reactions
VRBG |Enterobacte- Produc-
(Solid |riaceae tivity Escherichia {00012b
medi- li 00013
um) cott Pink tol red
colonies
Salmonella TSAe Quantita- | PRf> 0,5 with or
(24 +2)h / | Typhimuri- | 00031 tive without
(37 £1)°C |umecd precipita-
tion hal
Salmonella toniato
Enteriti-
disc.d 00030
Selectiv- Enterococcus| 00009 i Total
ity faecalisd or Qualies™” | i
00087 V€1 tion (0)

a  |Refer to the reference strain catalogue at www.wfcc.info for information on culture collection strain jumbers and
confact details; WDCM: World Data Centre for Microorganisms.

b |Strain to be used by the user laboratory (minimum).

¢ |Some national restrictions and directions may require the use of a~different serovar. Make referencd to national
reqpirements relating to the choice of Salmonella serovars.

d |Strain free of choice; one of the strains has to be used as a minimuun.
e |TSA =tryptone soya agar.
f | PR = productivity ratio.

g |Growth/turbidity is categorized as 0: no growth/no*turbidity; 1: weak growth/slight turbidity; 2: growth/good
turbidity.

A.3 Non-selective agar medium

A.3l1 General
Theg choice of the non-selective agar medium for purity check is left to the discretion of the testing
labgratory. The manufacturer’s instructions should be followed regarding its preparation for use. An
example of a non-selecfive’ agar medium is nutrient agar (NA).

A.3l2 Composition nutrient agar

Meat extrack 30g
Enzymatic digest of animal tissues 50¢g
Sodium chloride 508

Agar 9gto18ga
Water 1000 ml

a Depending on the gel strength of the agar.

A.3.3 Preparation

Dissolve the components or the dehydrated complete medium in the water by heating, with frequent
agitation.

Adjust the pH, if necessary, so that after sterilization it is 7,0 £ 0,2 at 25 °C.

© IS0 2017 - All rights reserved 9
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Transfer the culture medium into sterile tubes or flasks (6.5) of appropriate capacity.

Sterilize for 15 min in the autoclave (6.1) setat 121 °C.

A.3.4 Preparation of agar plates

Cool the medium to 47 °C to 50 °C in a water bath (6.4), mix and pour into sterile Petri dishes (6.6).
Allow to solidify.

Immediately before use, dry the agar plates carefully (preferably with the lids off and the agar surface
downwards) in the oven (6.3) and set between 25 °C and 50 °C until the surface of the agar is dry.

Store the p

A.3.5 Pe

For the def
criteria of

oured plates, protected from drying, at 5 °C + 3 °C for up to 4 weeks.

rformance testing for the quality assurance of the culture medium

inition of selectivity and productivity, refer to [SO 11133. Table A.2 shows the performg

hutrient agar.

Table A.2 — Performance criteria of nutrient agar

nce

contact detal

ils; WDCM: World Data Centre for Microorganisms.

Medium | |Microorganisms| Function |Incubation | Control strains | WDE€Ma | Method of | Criterfiac
number | control
Nutrient | | Enterobacteriace-| Productiv- | (24 +2)h /| Escherichia coli™ 00012b | Qualitative | Goo[
agar ae ity (37+1)°C 00013 growjth
(Solid (2)
medium)
a Refer fto the reference strain catalogue at www.wfcc.info for information on culture collection strain numbers fand

b Strainfto be used by the user laboratory (minimum).

c Growth/turbidity is categorized as: 0: no growth/no-turbidity; 1: weak growth/slight turbidity; 2: growth/good
turbidity.

A.4 Glu¢ose OF medium

A.4.1 Composition

Enzymatic|digest of casein 2,0g
Dipotassium hydrogenphesphate (K2HP04) 03g
Glucose 100 g
Sodium chloride 50g
Bromthymol blue U,08g
Agar 3gto4gd
Water 1000 ml

a Depending on the gel strength of the agar.

A.4.2 Preparation

Dissolve the components or the dehydrated complete medium in the water, by heating if necessary.

Adjust the pH, if necessary, so that after sterilization it is 6,8 + 0,2 at 25 °C.

10
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Dispense the culture medium in tubes (6.5) of appropriate capacity (e.g. 10 ml of culture medium for
tubes of 16 mm x 160 mm).

Sterilize for 15 min in an autoclave (6.1) set at 121 °C. Leave the tubes in vertical position.

The

medium may be stored for up to 4 weeks at 5 °C + 3 °C.

Just before use, heat the medium in boiling water or flowing steam for 15 min to remove oxygen, then
cool rapidly to the incubation temperature.

A4

.3 Performance testing for the quality assurance

Per

Examples of suitable control strains are Escherichia coli WDCM 00012 (positive co

Pse

A.5
A.5
NN,
Wat
A.5
Dis

Pre

Commercially available discs or sticks. may be used. In this case, follow the man

rec

A.5

Per

Examples of suitable €entrol strains are Pseudomonas aerigunosa WDCM 00025 (positiy

Esc

A.q Sterile mineral oil

Mirleral ail~can be sterilized for 1 hto 2 h at 160 °C in a hot air oven.

formance of the Glucose OF medium shall be verified before use (ISO 11133).

idomonas aeruginosa WDCM 00025 (negative control; yellow colour only at the top of the

Oxidase reagent
.1 Composition
N',N'-Tetramethyl-p-phenylenediamine dihydrochloride 10g
er 100 ml
.2 Preparation

olve the component in the cold water.

pare the reagent just before use.

mmendations.

.3 Performance testing for the quality assurance

formance of the oxidase(reagents shall be verified before use (ISO 11133).

nerichia coli WDCM 00012 (negative control).

© IS0 2017 - All rights reserved

htrol) and

tube).

ufacturer's
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