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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 needed{or
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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URL: wwwiso.org/iso/foreword.html.

This docuthent was prepared by Technical Committee’[SO/TC 34, Food products, Subcommittee §

Microbiology.

This secongl edition cancels and replaces the firstedition (ISO 16649-1:2001), which has been technid

revised with the following main changes:

— samplgs from the environment andsthe primary production stage have been added to the Scops;

— the miphimum length of incubation/(20 h) for tryptone-bile X-glucuronide agar (TBX) during culf
on seldctive medium has been adopted;

— performance testing for'the quality assurance of the culture media and the membrane for tran,
has bepn added;

— to impfove safety\for the user, the solvent dimethyl sulphoxide (DMSO) is no longer recommended
to dissplve the.chromogenic substrate (BCIG);

— the composition of the minerals-modified glutamate agar (MMGA) has been corrected (aspartic
0,024 g and arginine 0,02 g) to the values in the original formulation[12].

Alist of all parts in the ISO 16649 series can be found on the ISO website.

© ISO 2018 - All rights reserved
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Introduction

Because of the large variety of food and feed products, this horizontal method may not be appropriate
in every detail for certain products. In this case, different methods which are specific to these products
may be used if absolutely necessary for justified technical reasons. Nevertheless, every attempt should
be made to apply this horizontal method as far as possible.

The main changes, listed in the Foreword, introduced in this document compared to ISO 16649-1:2001
are considered as minor (see ISO 17468)(5].

WhEnthisdocumer IEXT Teviewed, account witl be taken of ait information then avaiiapig regarding
thelextent to which this horizontal method has been followed and the reasons for deviationls from this
met

Th products,

Intgrnational Standards and/or national standards may already exist that do<not comply with this
horjzontal method. It is hoped that when such standards are reviewed theywill be changed to comply
with this document so that eventually the only remaining departures from this horizontal method will

There are three horizontal methods (ISO 16649-1, ISO 16649-2 and\ISO 16649-3) for the efjumeration
of Brglucuronidase-positive Escherichia colil3][4].

The user may choose either ISO 16649-1, ISO 16649-2 _6r ISO 16649-3. All parts are for general
appllication. However, ISO 16649-1 or ISO 16649-3, which:both include a resuscitation step} should be
usefl in preference for foodstuffs likely to contain sub-léthally injured cells as a result of|properties
ass¢ciated with the food or processing conditions.

© ISO 2018 - All rights reserved v
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Microbiology of the food chain — Horizontal method
for the enumeration of beta-glucuronidase-positive
Escherichia coli —
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Scope

5 document specifies a horizontal method for the enumeration of B-glucuronidal
nerichia coli by colony-count technique after resuscitation using membranes and incubat

solid medium containing a chromogenic ingredient for detection‘of'the enzyme (3-glucu
13][14][17][18][19][20]. It is applicable to

products intended for human consumption,

products intended for feeding animals,

environmental samples in the area of food production and food handling, and
samples from the primary production stagesuch as animal faeces, dust, and swabs.

RNING — Some strains of Escherichia.coli may grow poorly or not at all in media
4 °C. This includes strains of E. coli 0157:H7 and 0157:H-. Additionally, some
herichia coli, notably those belonging to serotype 0157:H7, are mostly B-gluc
ative[lll. Consequently, some strains of E. coli, including pathogenic ones, will not b
his method. B-glucuronidase activity may also be exhibited at 44 °C by certain othe}
he Enterobacteriaceae, notably Shigellal15] and Salmonellal16].

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

6887 (all parts), Microbiology of the food chain — Preparation of test samples, initial susf
mdldilutions for microbiological examination

Se-positive
on at 44 °C
Fonidasel9]

incubated
strains of
uronidase
e detected
members

bir content
pplies. For
[s) applies.

ension and

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

ISO 11133, Microbiology of food, animal feed and water — Preparation, production, storage and
performance testing of culture media

3

For

Terms and definitions

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

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

[EC Electropedia: available at http://www.electropedia.org/

© ISO 2018 - All rights reserved
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3.1

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

B-glucuronidase-positive Escherichia coli
bacteria which at 44 °C forms typical, blue or blue-green colonies on tryptone-bile X-glucuronide agar
(TBX) under the conditions specified in this document

3.2

enumeration of 3-glucuronidase-positive Escherichia coli
determination of the number of colony-forming units (cfu) of B-glucuronidase-positive Escherichia coli
(3.1), per gram of sample, per millilitre, per square centimetre or per sampling device when the analysis

is carried (

ut in accordance with this document

4 Pringiple

4.1 Test

A specifiec
membrane

4.2 Cult

For isolati
bile X-gluc

4.3 Calc

The numbyq
millilitre o

portion, initial suspension, dilutions and resuscitation step

| quantity of the test sample, initial suspension or decimal dilutions, is inoculated (¢

ire on selective medium

, the membranes from the resuscitation stage on the MMGA are transferred to trypt

n
Ironide agar (TBX), then incubated at 44 °C for 20 h to-24 h.

ulation

br of colony-forming units (cfu) of B-glucurdnidase-positive Escherichia coli per gram or
[ sample is calculated from the number of typical blue or blue-green colonies per plate.

5 Culture media and reagents

For curren

Compositid

[ laboratory practice, see 1SOY7218 and 1SO 11133.

n of culture media and feagents and their preparation are described in Annex A.

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

6 Equiy
Disposable

Usual micr

)ment and.¢onsumables
equipment is an acceptable alternative to reusable glassware if it has suitable specificati

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

5 overlaid on minerals-modified glutamate agar (MMGA), then incubated at 37 °C for 4 h[13][14

pne-

per

DI S.

6.1 Apparatus for dry sterilization (oven) or wet sterilization (autoclave). As specified in

ISO 7218.

6.2 Drying cabinet or ventilated oven, capable of being maintained between 25 °C and 50 °C, or a
laminar airflow cabinet.

6.3

6.4

Incubator, capable of operating at 37 °C = 1 °C.

Incubator, capable of operating at 44 °C + 1 °C.

6.5 Water bath, capable of operating at 47 °C to 50 °C.

© ISO 2018 - All rights reserved


https://www.iso.org/obp
https://standardsiso.com/api/?name=2a41328b7058d9f570644ed15ce58e73

6.6

6.7

ISO 16649-1:2018(E)

Refrigerator (for storage of prepared media), capable of operating at 5 °C + 3 °C.

Blunt-ended forceps, sterile, of approximately 12 cm length.

6.8 Sterile and non-inhibitory membranes, made of cellulose acetate or mixed esters of cellulose,
with 0,45 pm to 1,2 pm pore size and 85 mm diameter.

6.9 pH-meter, capable of being read to the nearest 0,01 pH unit at 25 °C, enabling measurements to be
made which are accurate to +0,1 pH unit.

6.19 Sterile graduated pipettes or automatic pipettes, of nominal capacity 1 ml.

6.11 Sterile petri dishes with a diameter of approximately 90 mm diameter.

6.12

approximately 3,5 mm diameter and 20 cm length, bent at right angles about\3-¢cm from one e
the fcut ends made smooth by heating.

7

dea
san

Sampling

Sanrpling is not part of the method specified in this documéntSee the specific Internationz

Sterile spreaders, made of glass or plastic, for example, hockey sticks made fropn a rod of

d and with

|1 Standard

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

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

on this subject.

Recdommended sampling methods are given in thefollowing documents:

It ig

ISO/TS 177287l for food and animal feed;

ISO 707I1] for milk and milk produets;

ISO 13307(2] for sampling at primary production stage;
ISO 17604[6] for samplingefcarcasses;

1SO 18593I8] for sampling of surfaces.

important that thelaboratory receives a sample that is representative and has not bee

or dhanged duringtransport or storage.

Preparation of test sample

agreement

h damaged

Prepare.the test sample from the laboratory sample in accordance with the spec1f1c In

fernational
o specific

Internatlonal Standard, it is recommended that the parties concerned come to an agreement on this

subj

9

9.1

ect.

Procedure

General

For general aspects refer to ISO 7218.

© ISO 2018 - All rights reserved
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9.2 Test

portion, initial suspension and dilutions

Use the method specified in the relevant document of ISO 6887 (all parts) and any specific International

Standard a

ppropriate to the product concerned.

Prepare a single decimal dilution series from the test sample if the product is liquid, or from the initial
suspension (10-1 dilution) in the case of other products.

9.3 Resuscitation

9.3.1 Usimg

appropriat
membrane,

Using a std
membrane
than one d
sterile spr
from the m

9.3.2 Rej
another stq

9.3.3 Leg
15 min un

h + 0,25 h in the incubator (6.3) set at 37 °C, with the membyraire /agar surface uppermost.

9.4 Transfer to selective medium and incubation

9.4.1 Aft
medium) t

WARNING
Do not usg

9.4.2 Ing

with the membrane/agar surface uppermost. Plates should be stacked no more than three high. Hig

stacks may
distributio

9.5 Coul

After the s

dSep dlly pla d Inemnmprane
MGA (A.2), taking care to avoid

trapp

)

T i [fed surtace_o
e number of plates of M in bubbles beneath

g ai
5. Gently flatten the membranes with a sterile spreader (6.12), if necessary.

rile pipette (6.10), add 1 ml of the test sample or the initial suspension to the.céntre of
If only the initial suspension is used prepare duplicate MMGA/membrane plates, or if

pader, spread the inoculum evenly over the whole membrane surface, avoiding any spil
embrane.

peat the procedure as specified in 9.3.1 with the further decimaldilutions, if necessary, u
rile pipette and another sterile spreader for each dilution.

il the inoculum has soaked through the membrane ‘into the agar. Incubate the plates

br resuscitation, using sterile forceps-(6.7), transfer membranes from MMGA (resuscita
plates of TBX (A.3).

a spreader at this stage:-

ubate the plates for Z0)h to 24 h in the incubator (6.4) set at 44 °C, and not more than 4

be acceptable irincubators fitted with air circulation systems; in this case, the tempera
h should be verified.

ting the‘colony-forming units (cfu)

becified period of incubation (9.4.2), examine plates of TBX (A.3) for the presence of typ

ve the inoculated plates in a horizontal position at-room temperature for approximeltely
fi

f an
the

the
ore

ilution is being plated a single plate for each dilution can be used; see-ISO 7218. Using a

age

bing

r4

fion

— The moist membrane will- adhere to the agar surface. Avoid trapping air bubbles.

OC’
her
ure

cal,

blue or blu

9.6 Calculation

Calculate the number of 3-glucuronidase-positive Escherichia coli by counting the typical colonies (9.5)
in each plate containing less than 150 typical cfu and less than 300 total (typical and non-typical) cfu.

10 Expression of results

Refer to ISO 7218.

Report the results as the number of B-glucuronidase-positive Escherichia coli in cfu per gram of sample,
per millilitre, per square centimetre or per sampling device.

4

© ISO 2018 - All rights rese

rved


https://standardsiso.com/api/?name=2a41328b7058d9f570644ed15ce58e73

ISO 16649-1:2018(E)

11 Performance characteristics of the method

The performance characteristics (specificity, sensitivity and the LODs() of the method have not been
determined in interlaboratory studies.

12 Test report

The test report shall contain at least the following information:

— the test method used, with reference to this document, i.e. ISO 16649-1;

— |all operating conditions not specified in this document, or regarded as optional, toglether with
details of any incidents which may have influenced the test result(s);

— |any deviations from the standardized test method used (e.g. in the media“or the |incubation
conditions used);

— |the test result(s) obtained;

— |the date of the test.

13|Quality assurance

The laboratory shall have a clearly defined quality contrél system to ensure that the gquipment,
reagents and techniques are suitable for the test. The use of positive controls, negative cgntrols and
blapks are part of the test. Performance testing of culture media and membrane for transfer |s specified
in Annex A and described in [SO 11133.

© IS0 2018 - All rights reserved 5
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Annex A
(normative)

Composition and preparation of culture media and reagents

A.1 General

The genergl specifications of ISO 11133 are applicable to the preparation and performance testing of
the culturd media described in this annex. If culture media or reagents are prepared from dehydrated
complete media/reagents or if ready-to-use media/reagents are used, follow the manufactuier’s
instructior}s regarding preparation, storage conditions, expiry date and use.

The shelf ljves of the media indicated in this annex have been determined in some’studies. The yiser
should verify these under their own storage conditions (see ISO 11133).

Performanke testing of culture media is described in A.4.

A.2 Respiscitation medium: minerals-modified glutamate agar (MMGA)[12][14]

A.2.1 Composition

Sodium L-glutamate monohydrate (CAS No. 6106-04-3) 6,35¢g
Lactose mg@nohydrate (CAS No. 10039-26-6) 100 g
Sodium forymate (sodium methanoate) (CAS No. 141-53-7) 0,25¢
L-(-)-Cystine (CAS No. 56-89-3) 0,02g
L-(-)-Aspatftic acid (CAS No. 56-84-8) 0,024 ¢g
L-(+)-Argirline (CAS No. 74-79-3) 0,02g
Thiamine ¢hloride hydrochlotide (CAS No. 67-03-8) 0,001 g
Nicotinic afid (CAS No. 59-67-6) 0,001 g
Pantothenic acid (CAS No. 79-83-4) 0,001 g
Magnesium sulfate heptahydrate (MgS04:7H30) (CAS No. 10034-99-8) 01g
Ammoniunmiron( 1) citratea (CASNO. I185-57-5) 0,0Tg
Calcium chloride dihydrate (CaClz-2H70) (CAS No. 10035-04-8) 001g
Dipotassium hydrogen phosphate (K2HPO4) (CAS No. 7758-11-4) 09g
Ammonium chloride (CAS No. 12125-02-9) 2,5g

6 © ISO 2018 - All rights reserved
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Agar 9gto18gb
Water 1000 ml

a Iron Il content at least 15 % (by mass).

b Depending on the gel strength of the agar.

A.2.2 Preparation

Dissolve the ammonium chloride in the water. Add the other components and dissolve by heating, if
necssary.

Adjpist the pH, if necessary, so that after sterilization itis 6,7 + 0,2 at 25 °C.
Trapsfer aliquots of up to 500 ml to suitable containers, e.g. bottles or flasks.

Stetilize in the autoclave (6.1) set at 115 °C for 10 min.

A.2l3 Preparation of the agar plates

Codl the medium to 47 °C to 50 °C in a water bath (6.5), mix, and pour 12 ml to 15 ml of the medium into
stetfile petri dishes (6.11).

Alldw to solidify.

Store the poured plates, protected from drying, at 5 °C{&i6) for up to four weeks unless results of the
labgratory shelf life validation indicate a longer shelf-life.

Imrhediately before use, dry the agar plates carefully (preferably with the lids off anf the agar
surface downwards) in the oven (6.2) set betiwéén 25 °C and 50 °C until the surface of the gagar is dry,
seel|lSO 11133.

A.3 Selective medium: tryptone-bile X-glucuronide agar (TBX)
A.311 Composition

Enzymatic digest of casein 20,0g
Bild salts No. 3 15g

5-bromo-4-chloto-3-indoxyl-f-D-glucuronic acid (BCIG), (CAS No. 114162-64-0) 144 pmola
cyclohexylamionium salt monohydrate or sodium salt

Agar 9gto18gb

Water 1000 ml

a For example, 0,075 g of cyclohexylammonium salt.
b Depending on the gel strength of the agar.
A.3.2 Preparation

Dissolve the cyclohexylammonium salt of BCIG in 3 ml of solution consisting of 2,5 ml of a volume
fraction of 95 % aqueous ethanol and 0,5 ml of 1M sodium hydroxide solution. Add this solution to the
medium. Alternatively the sodium salt of BCIG can be added directly to the medium.

Suspend the ingredients in water and heat until completely dissolved.

If necessary, adjust the pH so that after sterilization, itis 7,2 = 0,2 at 25 °C.

© ISO 2018 - All rights reserved 7
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Sterilize the medium for 15 min in the autoclave (6.1) set at 121 °C.

A.3.3 Preparation of the agar plates

Cool the medium to 47 °C to 50 °C in a water bath (6.5), mix and pour 18 ml to 20 ml of the molten medium
into sterile Petri dishes (6.11). Allow to solidify. For storage and drying of plates before use, see A.2.3.

A.4 Performance testing for the quality assurance of the culture media and the
membrane

Performange testing of the agar media described in this annex should be carried out with the membrgnes
in place on[the plates. If the results are unsatisfactory the procedure should be repeated on the'm¢dia
with and without the membranes in place in order to identify the cause of the poor performdnce.

Sufficient testing shall be carried out to demonstrate that a batch of membranes meets theYequireménts
and that the membrane can produce consistent results for the specific analysis used: Verificatiopn is
achieved by demonstrating the suitability in the whole system: membrane togetherdvith culture media
in both thelresuscitation step and the culture on selective medium step.

Incubate the plates with the membrane/agar surface uppermost.

The definition of selectivity and productivity is specified in ISO 11133. Test the performance of|the
culture media in accordance with the methods and criteria as described in ISO 11133.

Table A.1 shows the performance criteria of MMGA which shall be:tested with membrane for transfef on
TBX agar. These criteria shall be used for the performance testing of MMGA as well as for the membifane
for transfef. Every batch of membranes shall be tested for\its suitability for the test according to |A.4,
especially pince the use of different brands of membrang filters may result in different recovery pnd
colour dev¢lopment after incubation on TBX.

Table A.2 shows the performance criteria of TBX.

8 © ISO 2018 - All rights reserved
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