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INTERNATIONAL STANDARD

ISO 4831-1978 (E)

Microbiology — General guidance for the enumeration of
coliforms — Most probable number technique at 30 °C

0 INTRODUCTION

0.1 This |nternational Standard is intended to provide
general guitlance for the examination of products not dealt
with by existing International Standards and for the
consideratipn of bodies preparing reference microbiological
methods test for application to foods or to animal
feeding styffs. Because of the large -variety of products
within thiq field of application, these guidelines may not
be appropiliate for some products in every detail, and for
some othel products it may be necessary to use different
methods. INevertheless, it is hoped that in all cases every
attempt will be made to apply the guidelines provided as
far .as posgible and that deviations from them will only
be made if pbsolutely necessary for technical reasons.

When this |nternational Standard is next reviewed, account
will be takgn of all information then available regarding the
extent to which the guidelines have been followed and the
reasons for] deviation from them in the case of particular
products.

The harmonization of test methods cannot be immediate,
and for centain groups of products International Standards
and/or natjonal standards may aiready exist.that do not
comply with the guidelines. In cases whére International
Standards already exist for the product to be tested, they
should be followed, but it is hoped“that when such stan-
dards are rdviewed they will be changed to comply with this
Internationial Standard so that eventually the only remain-
ing departyres from these gaidelines will be those necessary
for well esthblished technical-reasons.

0.2 The t4chnigue.described in this International Standard

is less precjse thap~that described in 1SO 4832, but allows
a microbiological examination to be carried out on a larger
test portio ittin er number of colifor

N

0.3 For the purposes of a practicable test method, the defi-
nition of “coliforms’ given in clause 3'and used as the basis
for the procedure is not necessarily identical with corres-
ponding definitions given in other published texts. A pro-
portion of strains of the micre-organisms des¢ribed in other
published texts as ‘“‘coliforms” (including Escherichia coli)

. A limitation on the applicability of this

fail to produce enough-gas to be detectabl
Durham tube (i.e. ‘/anaerogenic strains'’).
method described by, 'this International Sta
detect all strains’ of the micro-organisms
other publications as "(presumptive) co
example Citrobacter, Enterobacter, Klebsiella

1. SCOPE AND FIELD OF APPLICATION

This International Standard gives general guid
enumeration of coliforms present in productg
human consumption or feeding of animals, by
culture technique involving a liquid n
calculation of the most probable number
incubation at 30 °C.

by use of a
herefore, the
dard will not

referred to in

iforms” (for

).

elines for the
intended for
means of the
nedium, and
(MPN)} after

International

large degree of variability. The method sho

Id be applied

Standard is imposed by the method’s susclptibility to a

and the results interpreted in the light of t
given in 10.4.

2 REFERENCES

ISO 2293, Meat and meat products — Aer
30 °C (Reference method).

information

bbic count at

per gram or per millilitre of product to be detected. More-
over, since the definition of "'coliforms’” adopted in the two
documents is different, the micro-organisms enumerated
are not necessarily the same.

For-any particular product, the method to be chosen wil!
be specified in the International Standard dealing with that
product,

1) See Edwards, P. R., and Ewing, W. H. (1972) :
Minneapolis, Minnesota, U.S.A.

2} In preparation.

ISO 3565, Meat and meat products —
salmonellae (Reference method).

Detection of

ISO 4832, Microbiology — General guidance for enumer:
ation of coliforms — Colony count technique at 30 °C.

ISO ..., Microbiology — General guidance for preparation

of dilutions.?)

"Identification of Enterobacteriaceae’’, 3rd edition, Burgess Publishing Company,
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3 DEFINITION

For the purpose of this International Standard, the follow-
ing definition applies :

“coliforms” : Bacteria which, at 30 °C, cause fermentation
of lactose with the production of gas under the operational
conditions described.

4 PRINCIPLE

selective cultire medium (a)1) with a specified quantity of
the test sample if the initial product is liquid, or with a

of the test sample or of the initial suspension.

4.3 Incubation of the tubes containing medium (a) at
30 °C for 24 h.

4.4 |ncubation of the tubes containing medium (b) at
3/0'°C,;for 24 h.or 48 h, and examination of these tubes.

4.5 Inoculafion of a new series of tubes of medium {(b),
with the cullures from the tubes of medium (a) and-with
those culturep from the first series of tubes of medium (b)
in which opagity or gas formation has been noted.

4.6 Incubation at 30 °C for 24 h or 48 h-and examination
of the new selies of tubes.

6.3 Loop,
diameter approximately 3 mm.

4.7 Calculat
or per gram (
tubes - in the
noted, using

on of the number,of. coliforms per millilitre
bf sample (i.e. the"MPN), from the number of
new series in{which gas formation has been
a table for ‘determination of most probable

numbers.

5 SAMPLINF

medium, the dilution fluid or the sample, except for
apparatus that is supplied sterile (particularly plastics
apparatus), shall be sterilized either

— by being kept at 170 to 175 °C for not less than 1 h
in an oven, or

— by being kept at 121 = 1 °C for not less than 20 min
in an autoclave.

at 30+ 1 °C.

of platinum-iridium or\ nicke]-chromium,

6.4 Test tubes, approximately 16 mm x 160 mm and
200 mm x 200 mm, or bottles of equivalent capfcity.

6.5 Durham _tubes, of a size suitable for use in
16 mm X 160 mim test tubes.

6.6 Total delivery pipettes (blow-out pipettes), having
nominal capacities of 1 ml and 10 ml.

6.7 pH meter.

7 CULTURE MEDIUM AND DILUTION FLUID

7.1 Basic materials

In order to improve the precision of the rpsults, it is
recommended that, for the preparation of the culture
medium, dehydrated basic components or & complete
dehydrated medium should be used. The manpufacturer’s
instructions shall be rigorously followed.

The chemicals used shall be of analytical quality

The water used shall be distilled or deionized, and shall be
free from substances that might inhibit growth ¢f coliforms
under the test conditions.

Carry out sampling in conformity with the International
Standard dealing with the product concerned.

6 APPARATUS AND GLASSWARE

Usual microbiological laboratory ' equipment, and in
particular :

6.1 Apparatus for dry sterilization (oven) or wet steriliz-
ation (autoclave).

Apparatus which will enter into contact with the culture

H—the mediomandditation fluid-are ot used immediately,
they shall be kept in the dark at a temperature between
0 and + 5 °C, and in conditions that prevent any change
in their composition. They shall not be kept for longer than
1 month.

7.2 Dilution fluid

Use a peptone-based dilution fluid containing sodium
chloride, buffered or not; for example, peptone-saline
dilution fluid (see 5.3 of 1SO 2293) or buffered peptone
water (see 6.2.1 of 1SO 3565).

1) Where appropriate, a liquid enrichment medium may be used prior to the inoculation of the selective medium.

£ 3

2
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7.3 Lactose bile brilliant green broth (selective medium)

ISO 4831-1978 (E)

Prepare the initial suspension and the dilutions using a
dilution fluid meeting the requirements given in 7.2.

Composition
Make a sufficient number of ditutions to ensure that all
b "LI _b)l the tubes corresponding to the final dilution will yield a
ouble- Single- negative result.
strength strength
medium medium
peptone 209 109 9.2 MPN technique
lactose 20g 1049
dehydrated-ox bile 40g 204 9.’2.1 Inoculation ‘
brilliant green corre- 9211 Take three tubes of doubleStrength selective
spanding to the medium [7.3 a)]. Transfer to each of\thes¢ tubes, using a
spetifications in pipette (6.6), 10 ml of the test sample, if liquid, or 10 m|
thelannex of of the initial suspension.
1SQ 3565 0,0266 g 0,0133¢g
water 1 000 m! 9.2.1.2 Then take three_tubes of single-stfength selective

1 000 mi
Preparatign ‘

Dissol e‘ the components or the dehydrated complete
in the water by boiling.

If necdssary, adjust the pH (checking with the pH meter)
so that after sterilization it is 7,2 + 0,1 at 25 °C.

Dispense the medium, in quantities of 10ml, in
16 mm x 160 mm test tubes {6.4) containing Durham
tubes {6.5) in the case of the single-strength medium and
in 20 ;nm x 200 mm test tubes (6.4) {(without Durham
tubes) [in the case of the double-strength medium,

Sterilide in an autociave at 121 = 1 °C for 15 + 1 mijn.

The rham' tubes: shall not contain air bubbles after
sterilizhtion,
NOTE — Hecause the complete medium may_not always produce
the expectgd result, its performance should _be checked before use.

(A method for the purpose will be developed and a standard
published.)

8 PREPARATION OF THE TEST SAMPLE

Refer to the particulat International Standard dealing with

the prodyct under examination. If an Internationa! Stan-
dard is ngt available, it is recommended that agreement be
reached oL this subject by the parties concerned,

medium (7.3 b}]. Transfer/to each of thesg tubes, using a
pipette (6.6), 1 mi of the test sample, if liquid, or 1 ml of
the initial suspension.

9.2.1.3 Fordeach of the following dilutions (from 1/10 or
1/100, according to the circumstances), takp three tubes of
single-strength selective medium [7.3. b)]| Transfer 1 ml
of the'respective dilution into each of thes¢ tubes. Change
the pipette for each dilution. Carefully mix the inoculum
and the medium.

9.2.2 [ncubation

9.2.2.1 Leave the tubes of  double-strength medium
(9.2.1.1) in the incubator (6.2) at 30+ 1 °Cffor 24 + 2 h.

9.2.2.2 Leave the tubes of single-strength medium (9.2.1.2
and 9.2.1.3) in the incubator (6.2) at 30+ 1/°Cfor 24+ 2 h
or, if neither gas formation nor opacity [preventing the
observation of gas formation is observed af this stage, for
48 £ 2 h.

9.2.3 Inoculation from the incubated tubes

9.2.3.1 From each of the incubated tube§ from 9.2.2.1,
inoculate with a loop (6.3) a tube of| single-strength
selective medium [7.3 b)]. Incubate at|30%1°C for

9 PROCEDURE (see the diagram in annex A)

Where several samples taken from the same batch are to be

examined, carry out the following operations for each
sample.

9.1 Test portion, initial suspension and dilutions

Refer to ISO... (see clause 2) and to the International
Standard dealing with the product under examination..

24 £ 2 h or, if gas formation is not observed at this stage,
for48 = 2 h.

9.2.3.2 Carry out the same procedure for the incubated
tubes from 9.2.2.2 showing gas formation or opacity,
when either of these features is first observed (i.e. after
24 2 h or after 48 + 2 h).

9.2.4 Interpretation

For each dilution, count the total number of tubes in which
gas formation is observed in 9.2.3 (positive tubes) after
24 £+ 2 h and (if used) 48 £ 2 h.
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10 EXPRESSION OF RESULTS

10.1 Selection of dilutions1)

For each sample examined, select three consecutive dilutions
in accordance with one of the three following rutes, which-
ever is appropriate :

a) When at least one dilution yielding three positive tubes
exists

Thus, for.example, if only category 1 results are accepted,
the sequence 221 is acceptable only when 10 samples (of
the batch concerned) have been examined. On the other
hand, if the less likely category 2 results are also accepted,
the sequence 221 is also acceptable when only 2, 3 or 5
samples have been examined. However, when the sequence
221 is the result of a single examination, it is never
acceptable. \

10.2.2 For each sequence found to be acceptable in
accordance with 10.2.1, obtain the MPN index from the

having sample concentrations of 1/10 and 1/100 of that of
the first dilufion selected) (see example 1).

See also rule ).

If insufficient further dilutions were made beyond the
highest dilutfon yielding three positive tubes, select instead
the three highest dilutions in the series {i.e. those having
the lowest sample concentration) (see example 2).

‘b) When noldilution yielding three positive tubes exists

If rule a) ¢annot be applied, seiect the three highest
dilutions iin the series (i.e. those having the lowest sample
concentration) {see example 3).

See also rule £).
c) Special cgse

In all cases where more than one of the three dilutions
selected in apcordance with- rules a) and b) does not yield
positive tubes, select from these dilutions the lowest(ohe
not vyielding| positive tubes (i.e. that having the highest
sample concgntration) and the two next lower dilutions in

the series (i.p. those having sample concentrations of ten

times - and e hundred times that of the )first dilution
selected) (sep examples 4 and 5), except when positive
tubes are omly found at the level(of ‘the first dilution
prepared from the sample. In this‘last case, it is necessary
to select the [first three dilutions(for calculation of the MPN
even though |this series includes two dilutions yielding no
positive tube

10.2 Deternjination'of-MPN index

10.2.1 Accofding to the number of samples examined per

tabie in annex b or C.

10.3 Calculation of most probable number (MPN)

Obtain the number of coliforms per ‘millilitre pr per gram
by multiplying the MPN index (see-10.2) by the reciprocal
of the lowest dilution selected (ie. that having| the highest
sample concentration).

When the lowest dilution selected corresponds to the tubes
prepared with double-strength medium (inocylation with
10 mit), first divide.the MPN index by 10.

Express the result as a number between 1,0 and 9,9
multiplied by-10", n being the appropriate power of 10.

Example 1 : Case of a solid sample

Initial suspension 1/10 (10 ml) : 3 tubes +
Initial suspension 1/10 { 1 ml) :|3 tubes +
Dilution 1/100 ( 1mi) :|2ltubes +
Dilution 1/1 000 { 1ml) :|1jtube +
Dilution 1/10 000 ( 1ml):0tube +

Retain 321.

The table in annex B or C gives-an MPN index of 15 and the
calculation gives an MPN of 15x 10, i.e,

1,6 x 102 coliforms per gram

Example 2 : Case of a solid sample

Initial suspension 1/10 (10 ml) : 3 tubes +
initial suspension 1/10 ( 1 mi) :tubes +

Dilution 1/100 ( 1 ml) :|3ltubes +
Dilution 1/1 000 { 1 ml) :|0Oltube +

batch, check,-using-the-tablesinanmexesB-and-€C,-whether
the sequences of numbers of positive tubes corresponding
to the dilutions selected in accordance with 10.1 are stat-
istically acceptable. Acceptability depends both on the
number of samples examined and on the decision as to
whether or not to accept category 2 results.

Retain 330.

The table in annex B or C gives an MPN.index of 20 and the
calculation gives an MPN of 20 x 10, i.e.

2 x 102 coliforms per gram

1) In this sub-clause, the initial suspension and, if necessary, the test sample are considered as dilutions.

4
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Example 3 : Case of a liquid sample

Test sample (dilution 1/1) (10 ml) : 2 tubes +
Test sample (dilution 1/1) ( 1 ml) : 2 tubes +

Dilution 1/10 ( 1 ml):|1]|tube +

Dilution 1/100 (-1 ml) :|1tube +

Dilution 1/1 000 ( 1 ml) :|0|tube +
Retain 110.

The table in annex B or C gives an MPN index of 0,7 and the

I1SO 48

Example 5 : Case of a solid sample

Initial suspension 1/10 (10 ml) : 2 tubes +
Initial suspension 1/10 ( 1 ml) :tubes +

Dilution 1/100 ( Tml) :[1|tube +
Dilution 1/1 000 { 1ml) :|Ojtube +
Dilution 1/10 000

Retain 210.

The table in annex B or C gives an MPN index
calculation gives an MPN of 1,5 x 10, i.e.

calculatior] gives an MPN of 0,7 x 10, i.e.

7 x 109|coliforms per millilitre

Example 4|: Case of a solid sample

Initial shspension 1/10 {10 ml) :|3|tubes +
Initial s:rspension 1710 { 1 mi) :|3jtubes +

Dilution 1/100 { 1 ml) :|O|tube +
Dilution 1/1-000 ( 1ml):0tube +

Retain 334.

The table in annex B or C gives an MPN index of 20 and the

calculation gives an MPN of %g-x 10, i.e.

2,0 x 14" coliforms per gram

1,5 X 101 coliforms per gram

10.4 Precision of the method

31-1978 (E)

{ 1ml):0tube +

of 1,5 and the

It is recognized that wide variations in results may occur

with the MPN technique. 'Results obtain

“method should therefore be\used with cautioh.

Confidence limits are. given in the tables
and C, :

11 TEST REPORT

The test.report shall show the method used
obtained;’it shall also mention all operating
specified in this International Standard,

ed from this

in -annexes B

and the result
conditions not
r regarded as

optional, as well as any circumstances that may have

influenced the result.

The report shall include all details
identification of the sample.

for complete
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ANNEX A
DIAGRAM OF PROCEDURE (see clause 9)

INITIAL SUSPENSION (solid products)
or
TEST SAMPLE (liquid product)

3 tubes 7.3 a) ——
9.2.1.1 3 tubes 7.3 b)
NOTE — Proceed in the same way with 9:2.1.2
= the-foHowing-dHutions+0-2-1-3}
30°C—24h '
—1 9.2.2.1
D+1
°C —48 h*
/ INOCULATION 30°C
9.2.3.1 ’
a _—
) == X 27
3 =
D+2 A
El|m|nated
INOCU-
30°C — 48 h** LATION (+)
9:2.3.2
< —_— D+3 — . 1st case— 2nd case . 3rd case —I
INTERPRETATION
(+) =) 9.24
30°C — 48 h***
1st cape 2nd case
D+4
—7 e
(+) =) INTERPRETATION
& 9.2.4
1st case 2nd case
Key Before incubation Gas : — After incubation No gas
’ l formation /’—"‘—— — formation
(+) Opacity (=)
Loop Q
Tube containing double- | Tubes containing single-strength
strength medium 7.3 a) medium 7.3. b)

* Or possibly 24 h (see 9.2.2.2).
**  Or possibly 24 h (see 9.2.3.1).
*** Oy possibly 24 h (see 9.2.3.2).
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ANNEX B
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TABLE FOR THE DETERMINATION OF MPN INDEX WHEN THE EXAMINATION
1S CARRIED OUT ON A SINGLE SAMPLE PER BATCH

Number of
positive tubes for Eonfid fini
MPN
dilutti'::::hs::cted index Category*
st 2nd 3rd 95 % 99 %
0 0 0 <0,3
0 0 1 0
0 1 0 0,3 2 <0,1 1,7 <01 2,3
0 2 0 0
1 0 0 04 1 0,1 241 <0,1 2,8
1 0 1 0,7 2 0,2 2,7 0,1 3,6
1 1 0 0,7 1 0,2 28 <0, 3.6
1 1 1 0
1 2 0 11 2 0,4 3,5 0,2 44
1 2 1 0
1 3 0 0
2 0 0 0,9 1 0,2 3,8 <0,1 5,0
2 0 1 14 2 05 4.8 0,2 6,2
2 1 0 15 1 0,5 5,0 0,2 6.4
2 1 1 2,0 2 0,7 6,0 04 7.6
2 2 0 21 1 0,8 6,2 0,5 7.9
2 2 1 0
2 3 0 0
3 0 0 2 1 <1 13 <1 18
3 0 1 4 1 1 18 <1 23
3 0 2 0
3 1 0 4 1 1 21 <1 28
3 1 1 7 1 2 28 2 36
3 1 2 0
3 2 0 9 1 3 38 1 51
3 2 1 15 1 5 50 3 66
3 2 2 21 2 8 64 5 82
3 2 3 0
3 3 0 20 1 <10 140 <10 190
3 3 1 50 1 10 240 <10 ~ 320
3 3 2 110 1 30 480 20 640
3 3 3 >110

Category 0 : Unacceptable tube combinations, having, under normal conditions, the least chance
of being obtained. Combinations not mentioned in the table also belong to this

category.

When such a combination is obtained, it is probable that a mistake has been made,
faulty technique has been used, or a bacteriostatic substance is present in the product.

Category 1.: Most likely tube combinations. One of these should be obtained in 95 % of cases.

Category 2 : Less likely tube combinations than those of category 1. One of these should be

obtained in only 4 % of cases.
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