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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 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical
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Milk and milk products — Enumeration of presumptive Escherichia
coli

Part|1:

Mosi probable number technique

1 Scqpe

This part of ISO 11866 specifies a method for the enumeration-of presumptive Escherichia coli by means of the
culture fechnique involving a liquid medium, and calculation ofthe number of presumptive Escherichia|coli per gram
or per millilitre by the most probable number (MPN) technique after incubation at 37 °C then incubation|at 44 °C.

The method is applicable to

— milk, liquid milk products;
— dried milk, dried sweet whey, dried buttermilk, lactose;
— acid casein, lactic casein and rennet casein;

— cageinate and dried acid whey;

— cheese and processed chegese;

— butter;

— frogen milk produets(including edible ices);
— custard, desserissand cream.

The mgthod specified in this part of ISO 11866 is preferred for samples in which comparatively loy numbers of
presumptive_Escherichia coli (less than 100 per gram or 10 per millilitre) are suspected.

CAUTION — Some Escherichia coli pathogenic species do not grow at 44 °C. The applicability of this part of
ISO 11866 is limited by the susceptibility of the method to a large degree of variability. The method should,
therefore, be used and the results interpreted in the light of the information given in clause 12.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this part of
ISO 11866. At the time of publication, the editions indicated were valid. All standards are subject to revision, and
parties to agreements based on this part of ISO 11866 are encouraged to investigate the possibility of applying the
most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently valid
International Standards.

ISO 7218:1996, Microbiology of food and animal feeding stuffs — General rules for microbiological examinations.
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ISO 8261:1989; Milk and milk products — Preparation of test samples and dilutions for microbiological examination.

3 Definition

For the purposes of this part of ISO 11866, the following definition applies.

3.1 presumptive Escherichia coli: Bacteria which at 44 °C cause fermentation of lactose with the production of

gas, and which at 44 °C produce indole from tryptophan, when the test is carried out in accordance with the
specified in this part of ISO 118686.

method
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4.5 Incubation at 44 °C for 24 h to 48 h and examination of the new series of tubes (4.4) for gas formation.
4.6 Inoculafion, from the tubes of liquid selective medium (4.5) which have given rise to gas formation, d
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5 Dilution fluid, culture media and reagent
5.1 General

For current laboratory practice, see ISO 7218 and ISO 8261.

If the prepared culture media and reagents are not used immediately, they shall, unless otherwise stated, b

e stored

in the dark at a temperature between 0 °C and +5 °C for no longer than 1 month, under conditions which do not

produce any change in their composition.
5.2 Dilution fluid

See ISO 8261.
2
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5.3 Culture media

5.3.1 Lauryl suifate tryptose broth (selective enrichment medium)

5.3.1.1 Composition

a) b)
Double-strength medium Single-strength medium
Tryptone 40,0 g 20,09
Lactoge 10,07 570
Dipotgdssium hydrogen phosphate (K,HPO,) 55¢ 2,75
Potassium dihydrogen phosphate (KH,PO,) 5g 2)75 ¢
Sodium chioride 10,0 g 504
Sodium lauryl sulfate [CH.(CH,),,OSO,Na] 0,2g 0,1d
Water 1 000 ml 1000 i

[N AL o

rn4n|ln
9.9.1.£| rreparauori

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

Adjust fhe pH, if necessary, so that after sterilization it is 6,8 at 25 °G,
Transfgr the media in quantities of 10 ml to tubes of dimensionsi16 mm x 160 mm (6.2) containing inverted Durham
tubes (6.3) in the case of single-strength medium, and to test.tubes of dimensions 20 mm x 200 mm (6.2) containing
inverted Durham tubes (6.3) in the case of the double-strength medium.
Sterilizg for 15 min in the autoclave (6.1) set at 121 °C:

The inMerted Durham tubes shall not contain airbubbles after sterilization.

5.3.2 EC broth (second selective medium)

5.3.2.1| Components

Tryptoge or trypticase 20,0 g
Lactose 5049
Bile salts (No. 3)1) 1,59
Dipotagsium hydrogen‘phosphate (K,HPO,) 409
Potass{um dihydrogen phosphate (KH,PO,) 159
Sodium chloride 504
Water 1 000 ml
1) See neference [3]

5.3.2.2 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 at 25 °C.

Transfer the medium in quantities of 10 ml to test tubes of dimensions 16 mm x 160 mm (6.2) containing inverted
Durham tubes (6.3).

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

The inverted Durham tubes shall not contain air bubbles after sterilization.
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5.4 Tryptone water

5.4.1 Components

Tryptone 10,0 g
Sodium chloride 5049
Water 1 000 ml

5.4.2 Preparation

Dissolve the gomponents In the water, by heating f necessary.
Adjust the pH, if necessary, so that after sterilization it is 7,3 at 20 °C.

Dispense the|medium in quantities of 5 ml to 10 ml into tubes of dimensions 16 mm x 160 mm (6:2).

Steriiize for 1p min in the autociave (6.1) set at 121 °C.

(3]

|
J.

5.5.1 Comppsition

4-Dimethylaminobenzaldehyde 50¢9
2-Methylbutap-1-ol or pentan-1-ol 75,0 ml
LuAdranhlaria lbaeid a4 40 ~/ml 44 4 40 ~/mal) 250 ml
IIyUIUbllIUIIL:Cl\.'lU \}Jzﬂ I,IUBIIIII w I,IGHIIIII/ ’

5.5.2 Prepa

Dissolve the

ration

of the water bath (6.5).

Cool and add the hydrochloric acid.

Protect from

ight and store at approximately 4 °C.

The colour of the reagent shall be light 'yellow to light brown.

6 Apparatus and glassware

For general 1

Usual microbjiological laboratory apparatus and, in particular, the following.

4-dimethylaminobenzaldehyde in the alcohol by heating gently to between 50 °C and 55 °C by

equirements, see ISO 7218 and ISO 8261. Glassware shall be resistant to repeated sterilization.

6.1 Autoclave, capable of operating at 121 °C £ 1 °C.

For details, s

ee ISO 7218.

© ISO

means

6.2 Test tubes, of dimensions approximately 16 mm x 160 mm and 20 mm x 200 mm, or flasks or bottles of
suitable capacity.

6.3 Durham tubes, of size suitable for use in the test tubes (6.2).

6.4 Water bath, capable of operating at 44 °C + 0,5 °C.

6.5 Water bath, capable of operating at between 50 °C and 55 °C.

6.6 Incubator, capable of maintaining a temperature of 37 °C + 1 °C at all points within it.

4
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6.7 Loops, made of platinum/iridium or nickel/chromium or plastic, approximately 3 mm in diameter, or sterile
disposable bags.

6.8

pH-meter, accurate to within £ 0,1 pH units at 25 °C.

6.9 Total-delivery pipettes, with nominal capacities of 1 ml and 10 ml.
7 Sampling

It is important that the laboratory receive a sample which is truly representative and has not been damaged or
change'i dnring transport or storage

Sampling is not part of the method specified in this part of ISO 11866. A recommended sampling-fméthod is given in
ISO 707.

8 Preparation of test sample

Prepare the test sample according to the method given in ISO 8261.

9 Pracedure
9.1 Test portion, initial suspension and dilutions

Preparg the test portion, initial suspension (primary dilution) and further decimal dilutions according to the method
given in ISO 8261.

Prepare a sufficient number of dilutions to ensure that all:the tubes for the final dilution will yield a negative result.
9.2 Sglective enrichment medium
9.2.1 Inoculation

9.2.1.1| Take three tubes of double-strength enrichment medium [5.3.1.1 a)]. Using a sterile pipette [6.9), transfer
to each of these tubes 10 ml of thedest sample if liquid, or 10 ml of the initial suspension (primary dilution) in the
case of|other products.

9.2.1.2| Then take three tubes_ of single-strength enrichment medium [5.3.1.1 b)]. Using a fresh sterild pipette (6.9),
transfef to each of these tubes 1 ml of the test sample if liquid, or 1 ml of the initial suspension (primary dilution) in
the casp of other products:

9.2.1.3| For each.of the further decimal dilutions, proceed as specified in 9.2.1.2. Use a fresh sterle pipette for
each dijution.

9.2.1.4| Carefully mix the inoculum with the medium by means of a mixer. Avoid the introduction ¢f air into the
Durham+tybes(6-3)-

9.2.2 Incubation

Incubate all inoculated tubes (from steps 9.2.1.1 to 9.2.1.3) in the incubator (6.6) set at 37 °C for 24 h+ 2 h. If, at
this stage, neither gas formation nor opacity preventing the observation of gas formation is observed, incubate for

upto48h+2h.
9.3 Investigation in second selective medium
9.3.1 Inoculation

From each tube incubated as in 9.2.2 and showing gas formation, and also from each tube of double-strength
medium, inoculate with a loop (6.7), the selective medium (5.3.2) previously heated in the water bath (6.4) to 44 °C.

5
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Carefully mix the inoculum with the medium. Avoid the introduction of air into the Durham tubes (6.3).

9.3.2 Incubation

Incubate the tubes inoculated as in 9.3.1 in the water bath (6.4) set at 44 °C for 24 h + 2 h. If, at this stage, no gas
formation is observed, incubate for up to 48 h £ 2h.

9.4 Investigation in tryptone water

9.4.1 Inoculation

From each tube incubated as in 9.3.2 and showing gas formation, inoculate with a loop (6.7) the tryptone water (5.4)
previously helated in the water bath (6.4) to 44 °C.

Carefully mix|the inoculum with the medium. Avoid the introduction of air into the Durham tubes (6.3)-
9.4.2 Incubation

Incubate the tubes inoculated as in 9.4.1 in the water bath (6.4) set at 44 °C for48 h +2 h.

9.4.3 Test for indole production

Add 0,5 ml of the indole reagent (5.5) to the tubes containing the incubated tryptone water. Mix well and @xamine
after 1 min.

A red colour |n the alcoholic phase indicates the presence of indole (positive tubes).

9.5 Interpretation

Identify thos¢ tubes originally inoculated as in 9.2.1.1 t0-9.2.1.3, which in 9.3.2 show production of gas and|in 9.4.3
the formatior] of indole, as being positive for the presence of presumptive Escherichia coli.

For each dilution, count the number of positive tubes.

10 Selectjon of dilutions
NOTE — The¢ initial suspension (primary dilution) and the test sample are considered as dilutions.

10.1 For each sample examined, select three consecutive dilutions in accordance with 10.2, 10.3 or 10.4 tp obtain
the MPN indéx.

10.2 In the ¢ase where only three dilutions were made, use those three dilutions to obtain the MPN index.

10 3 |n the ARa AL bhora maara thham e Al ti~nme vwara mada tha onlantian ~f thraa ~f oo Ao Ans ;natlonS
. aSC—where—oreTthan—treC—Smonono—vWwerc— oot —otreChoT— o e oMt SC—grves—Comol

with different degrees of probability. This can be expressed in categories as shown in table A.1 (annex A).
Explanations of these categories are given in table A.2 (annex A).

10.4 Select the combination of three consecutive dilutions with category 1 to obtain the MPN index; if more than
one combination with category 1 is obtained, use the one with the highest number of positive tubes.

If no combination with category 1 is available, use the one with category 2; if more than one combination with
category 2 is obtained, use the one with the highest number of positive tubes (see table 1 for examples).

If no combination with category 2 is available, use the one with category 3; if more than one combination with
category 3 is obtained, use the one with the highest number of positive tubes (see table 1 for examples).
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Table 1 — Examples of the selection of positive results for calculating MPN values

Number of positive tubes obtained from three incubated tubes

for the following amounts of sample inoculated per tube?) MPN?2)
Example Liquid product 10 ml im  10'ml 102ml 103 ml Liquid Other

products products

Other products 1g 10'g 102g 103g 10%g mi-1 g
1 3 3 1 0 1,1 x 10! 1,1 x 102
2 3 3 3 0 2,4x 101 2,4 x 102
3 2 2 1 1 0 7.4 7,4 x 101
4 3 3 0 0 2,4 2,4x 10!

5 2 2 0 1 2,1 x.107 2,1

1) Bolld: combination selected.
2) Cajculated using the MPN index for three tubes (table A.1).

11 Determination, calculation and expression of results

141

Deter

11.2

etermination of MPN index

alculation of most probable number (MPN)

Obtain [the most probable number (MPN) of presumptive Escherichia coli per gram or per millilitre
multiplfing the MPN index (11.1) by the reciprocal of the lowest dilution selected (i.e. that having the highest sample

contenf).

When the lowest dilution selected ¢orresponds to the tubes prepared with double-strength medium (in
10 ml), [first divide the MPN index.by 10.

ne the MPN index of presumptive Escherichia coli fronythe number of positive tubes (9.5) from each dilution
selectefl (clause 10), using table A.1 (annex A).

pf product by

bculation with

NOTE + A division of thesMPN index by 10 is only necessary with liquid products where 10 ml of the tgxt sample are
transferfed to the tube with-double-strength medium. In the case of other products, 10 ml of the initial suspgnsion (primary
dilution)} containing 1 g.of test sample are transferred (see 9.2.1.1).

11.3 Expression of results

Expresp thewresult as the most probable number (MPN) of presumptive Escherichia coli per millilitre (liquid products)
or per gram (other products) expressed as a number hetween 1.0 and 9 9 multiplied by the approp

iate power of

10.

If the MPN is lower than 0,3 presumptive Escherichia coli per millilitre or per gram, and if the appropriate procedure
for a low number of presumptive Escherichia coli was used, express the result in the following way: "No

presumptive Escherichia coliin 1 mlor 1 g of the product".

12 Precision

It is recognized that wide variations in results may occur with the MPN technique. Results obtained with this method

should therefore be used with caution. Confidence limits are given in table A.1 (annex A).
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13 Test report

The test report shall specify:

— the method in accordance with which sampling was carried out, if known;
— the method used;

— the test result(s) obtained, indicating clearly the method of expression used.

It shall also mention all operating details not specified in this part of ISO 11866 or regarded as optional, together

i H H el wbava tnfliianmand dh o d ot poao )
Wlth detalIS O arTy |||u|uc||to ay ave Tt CUtTC T ST TC SUTt(S)~

The test repgrt shall include all the information necessary for the complete identification of the sample.
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Determination of most probable number

amam e A

Annex A
(normative)

Table A.1 — MPN indexes and confidence limits

ISO 11866-1:1997(E)

N_u.mber of MPN index" Category 2) Confidence limits at 95 %
positive results level 1)3)
Lower pper
0 0 0 < 0,30 0,00 0,94
0 0 1 0,30 3 0,01 0,95
0 1 0 0,30 2 0,01 1,00
0 1 1 0,61 0 0,12 170
0 2 0 0,62 3 0,12 1,70
0 3 0 0,94 0 0,35 3,50
1 0 0 0,36 1 0,02 1,70
1 0 1 0,72 2 0,12 1,70
1 0 2 1,1 0 0,4 3,5
1 1 0 0,74 1 0,13 2,00
1 1 1 1,1 3 0,4 3,5
1 2 0 1,1 2 0,4 3,5
1 2 1 1,5 3 0,5 3,8
1 3 O 1,6 3 0,5 3,8
2 0 0 0,92 1 0,15 3,50
2 0 1 1,4 2 0,4 3,5
2 0 2 2,0 0 0,5 3,8
2 1 0 1,5 1 0,4 3,8
2 1 1 2,0 2 0,5 3,8
2 1 2 2,7 0 0,9 9,4
2 2 0 2,1 1 0,5 4,0
2 2 1 2,8 3 0,9 94
2 2 2 3,5 0 0,9 9,4
2 3 0 2,9 3 0,9 94
2 3 1 3,6 0 0,9 94
3 0 0 2,3 1 0,5 9,4
3 0 1 3,8 1 0,9 10,4
3 0 2 6,4 3 1,6 18,1
3 1 0 4,3 1 0,9 18,1
3 1 1 7,5 1 1,7 19,9
3 1 2 12 3 3 36
3 1 3 16 0 3 38
3 2 0 9,3 1 1,8 36,0
3 2 1 15 1 3 38
3 2 2 21 2 3 40
3 2 3 29 3 9 99
3 3 0 24 1 4 99
3 1 46 1 9 198
3 3 2 110 1 20 400
3 3 3 > 110
1) From reference [4].
2) Seetable A2
3) The confidence limits given in this table are meant only to provide some idea of the influence of
statistical variations on results. There will always also be other sources of variation, which may
sometimes be even more important.
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Table A.2 — Explanation of categories for results

Category”

Definition

1

When the number of bacteria in the sample is equal to the MPN found, the
result is one of those that have the greatest chance of being obtained. There
is only at most 5 % chance of obtaining a result that is less likely than the
least likely one in this category.

When the number of bacteria in the sample is equal to the MPN found, the
result is one of those that have less chance of being obtained than even the
least likely one in category 1, but there is only at most 1 % chance of

obtaining a result that is less likely than the least likely one in this category.

When the number of bacteria in the sample is equal to the MPN found, the
result is one of those that have less chance of being obtained than even-the
least likely one in category 2, but there is only at most 0,1 % chance of
obtaining a result that is less likely than the least likely one in this category.

When the number of bacteria in the sample is equal to the MRN-' found, the
result is one of those that have less chance of being obtainéd than even the
least likely one in category 3. There is only a chance of 0;1)% of obtaining a
result in this category, without anything being wrong.

) Before starting testing it should be decided which category will be-actceptable, i.e. only 1, 1 and
r even 1, 2 and 3. When the decision to be taken on the basis of thewresults is of great importance,
nly the results of category 1 or at most those of categories 1 and 2\should be accepted. Category 0
fesults should be considered with the greatest caution.

© ISO
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