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INTERNATIONAL STANDARD

1SO 7402-1985 (E)

Microbiology — General guidance for the enumeration

of Enterobacteriaceae without resuscitation —
MPN technique and colony count technique

0 Intrpduction

This Intgrnational Standard is intended to provide general
guidance| for the examination of products not dealt\with by
existing {hternational Standards and for the reference of bodies
preparind microbiological methods of test for application to
food prodlucts or to animal feeding stuffs. In view of the large
variety products within this field of\.application, these
guidelineg may not be appropriate for some products in every
detail, 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 these guidelines as far as
possible pnd that deviations‘from them will only be made if
absolutely necessary for téchnical reasons.

When this Internatignal'Standard is next reviewed, account will
be taken|of all information then available regarding the extent
to which| the_ guidelines have been followed and the reasons
which ngcessitated deviation from them in the case of par-
ticular prpbducts

=)

1 Scope and field of applicatio

~ This International Standard gives general guidance for the enu-

meration of Enterobacteriaceae present in|products intended
for human consumption or feeding of animals

— by calculation of the most probable number (MPN})
after incubation at 35 °C or 37 °C in lighid medium

— by counting colonies in a solid mediym after incubation
at 35 °C or 37 °C.

For low numbers, the MPN method is prefefable, otherwise the
colony count method is preferred.

This International Standard does not includp resuscitation pro-
cedures and the results should not, therefore, be related to
criteria or specifications based on the assumption that resusci-
tation has been carried out.

A limitation on the applicability of this Intergational Standard is

The harmonization of test methods cannot be immediate, and
for certain groups of products, International Standards and/or

national standards that do not comply with the guidelines may

already exist. In cases where International Standards already
exist for the product to be tested, they should be followed, but
it is hoped that, when they are reviewed, they will be aligned
with this International Standard so that, eventually, the only
remaining departures from these guidelines will be those
necessary for well established technical reasons.

For any particular product, the method to be used will be
specified in the International Standard dealing with that
product.

imposed by the susceptibility of the me s to a large degree
of variability. The methods should be used and the results inter-
preted in the light of the information given in 10.3.

2 Reference
ISO 6887, Microbiology — General guidance for the prep-
aratfon of dilutions for microbiological examination.

3 Definitions

For the purpose of this International Standard, the following
definitions apply.


https://standardsiso.com/api/?name=8e5f9b0826ea00a525656dc8ea943ea7

ISO 7402-1985 (E)

3.1 Enterobacteriaceae: Micro-organisms which ferment
glucose and show a negative oxidase reaction when the test is
carried out according to the method specified.

3.2 count of Enterobacteriaceae: The number of Entero-
bacteriaceae found per millilitre or per gram of the test sample
when the test is carried out according to the method specified.

4 Principle

From the number of confirmed typical colonies per plate, calcu-
lation of the number of Enterobacteriaceae per millilitre or per
gram of the test sample.

5 Diluent, culture media and reagent

5.1 Basic materials

In order to improve the reproducibility of the results, it is
recommended that, for the preparation of the diluent and

4.1 Preparation of dilutions

Preparation of

cimal dilutions from the test sample.

4.2 Enumerdtion of Enterobacteriaceae

4.2.1 Most pr

NOTE — This tecl
expected to be in 1
sample.

specified quanti

pbable number (MPN) technique

hnique is recommended when the number sought is
he range 1 to 100 per millilitre or per gram of the test

of test sample if the product is liquid, or with

Inoculation of t{:fee tubes of double-strength medium with a

a specified quan
products.

Inoculation of t
specified quantit
with a specified
other products.
of three tubes o

ity of the initial suspension in the case of other

nree tubes of single-strength medium with a
y of the test sample if the product is liquid, or
uantity of the initial suspension in the case of
[Then, under the same conditions, inoculation
single-strength medium with the first decimal

dilution of the t¢st sample or of the initial suspension.

Incubation of th

From the numb
the most proba
or per gram of
nex A).

4.2.2 Colony

NOTE — This tecl
expected to be gr
sample.

b tubes at 35 °C or 37 °C for 24 h.
br of confirmed positive tubes, calculation of

le number of Enterobacteriaceae per millilitre
he test sample using ‘the MPN table (see an-

tount technique

inique is;recommended when the number sought is
paterthan 100 per millilitre or per gram of the test

mlfanmedja,_dehxdm.ted_basu*_mmpanan:Sjr complete
dehydrated media be used. Similarly, commercidlly prepared
reagents may be used. The manufacturer’s instructions shall be
rigorously followed.

Chemical products shall be of recognized analytical quality.

The water used shall be distilled, of deionized water, and shall
be free from substances that-might inhibit thgd growth of
Enterobacteriaceae under the test conditions.

If the diluent and media are not used immediately, they shall,
unless otherwise.stated, be kept in the dark at a femperature

between 0 and 5¢©C, for no longer than 1 month, in conditions
that prevent any change in their composition.

5.2 .Dilaent

See' ISO 6887 and any specific standard dealing with the
product to be examined.

5.3 Culture media

5.3.1 Buffered brilliant green bile glucose proth (E.E.
broth)

Composition a) b)
Double-strength Single-strength
medium medium
Peptone 20 g 10,0 g
Glucose 100 g 50 g
Disodium hydrogenortho-
phosphate (Na,HPO,) 12,90 g 6,45 ¢

Potassium. dihydrogenortho-
phosphate (KH,PO,4} 40 g 20 ¢

Ox bile, dehydrated 40,0 g 200 g
Brilliant green 0,030 g 0,015 g
Water 1-000 22t 1-000 ml

Inoculation of two plates of violet red bile glucose agar (poured
plate technique) with a specified quantity of the test sample if
the initial product is liquid, or with a specified quantity of the
initial suspension in the case of other products. Covering with
an overlayer of the same medium.

Inoculation of other pairs of plates under the same conditions,
using decimal dilutions of the test sample or of the initial
suspension.

Incubation of the plates at 35 °C or 37 °C " for 24 h.

Preparation
Dissolve the components or the complete dehydrated
medium in the water by boiling. Do not heat the medium for
longer than 30 min. Cool the medium rapidly.
Adjust the pH so that after boiling it is 7,2 at 25 °C.

Transfer 10 mi portions to sterile tubes or bottles (6.5).

1) The temperature should be agreed between the parties concerned and recorded in the test report.
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Do not sterilize the medium.

The medium may be stored for up to 1 week at 0 to 5 °C.

5.3.2 Violet red bile glucose agar

1ISO 7402-1985 (E)

Preparation

Dissolve the components or the complete dehydrated
medium in the water by boiling.

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

Transfer the culture medium in quantities of 15 ml to tubes
or bottles (6.5).

Sterilize the medium for 15 min at 121 £ 1 °C.

Composition
Peptone 70 g9
Yeast extract 30 g
Bile salts . 15 g
Glucos : - 100 g
Sodium chioride 50 g
Neutral red 0,03 g
Crystal|violet 0,002 g
Agar 8to 18 g?
Water 1 000 mi

Preparatiop

DissolMe the components or the complete dehydrated
mediurh in the water by boiling.

Adjust|the pH so that after boiling it is 7,4 at 25 °C.

Transfer the culture medium to sterile tubes, flasks or
bottles| (6.5) of capacity not more than 500 ml.

Do nof sterilize the medium.

Preparg this medium just before use (see 9.2.2 and 9.3.1}.

Preparatidn of agar plates (required only for MPN_ technique,
see 9.2.2}

Transfer immediately approximately 15:mh of the culture
medium, cooled to approximately 45 °C, to Petri dishes
(6.7), and allow to solidify.

Just bgfore use, dry the plateés;preferably with the lids off
and the agar surface downwards, in the oven (6.3), main-
tained [at 50 °C, for 30 min.

If preppred in advanee; the undried plates shall not be kept
for lorjger than*4\h/ at room temperature or 1 day at 0 to
5 °C.

Leave the tubes or hottles in a vertical position.
The medium may be stored for up,to 1 Week at 0 to 5 °C.

Just before use, heat in boiling water or flowing steam for
15 min, then cool rapidly to(the‘incubatign temperature.

6.3.4 Nutrient agar

Composition
Beef extract 3 ¢
Peptoné 50 9
Agar 8to18 | gV
Water 1 000 mi
Preparation

Dissolve the components or the complete dehydrated
medium in the water by boiling.

Adjust the pH so that after sterilization i is 7,0 at 25 °C.

Transfer the culture medium to tubes, bottles or flasks (6.5)
of capacity not more than 500 ml. :

Sterilize the medium for 15 min at 121 +| 1 °C.

Preparation of agar plates (see 9.4.1)

Transfer portions of about 15 ml of the| culture medium,
melted and cooled to approximately 45 9C, to Petri dishes
(6.7) and allow to solidify.

Just before use, dry the plates, preferably with the lids 6ff
and the agar surface downwards, in the|oven (6.3), main-
tained at 50 °C, for 30 min.

5.3.3 Glucose agar

Composition

Tryptone 100 ¢
Yeast extract 1.5 g
Glucose 100 g
Sodium chloride 5,0
Bromocresol! purple 0,015 g
Agar 8to 18 g?
Water 1 000 ml

1) According to the manufacturer’s instructions.

-proparod-in-advancethe-undried plates shall not be kept
for longer than 4 h at room temperature or 1 day at 0 to
5 °C. :

5.4 Oxidase reagent
Composition
NN, N’, N"-tetramethyl-p-phenylene-

diamine dihydrochloride 109
Water 100" m!
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Preparation
Dissolve the reagent in the cold water.

Prepare the reagent just before use.

6 Apparatus and glassware

NOTE — Disposable apparatus is an acceptable alternative to reusable
glassware if it has suitable specifications.

7 Sampling
Carry out sampling in accordance with the specific standard
appropriate to the product concerned. If no such specific stan-

dard exists, it is recommended that agreement be reached on
this subject by the parties concerned.

8 Preparation of the test sample

See the specific standard appropriate to the product con-

Usual microbioldgical laboratory equipment and th partcutar

cerned. If no such specific standard exists, it is,recommended
that agreement be reached on this subject)by|the parties
concerned.

6.1 Apparatu

“sterilization (a

Apparatus that

for dry sterilization {oven) or wet
toclave)

vill come into contact with the diluent, culture

media, or the sample, except for apparatus that is supplied
sterile (in particlilar plastics apparatus), shall be sterilized by
one of the folloying methods:

a) bybeing
oven;

kept at 170 to 175 °C for not less than 1 hin an

b) by beinglkept at 121 + 1 °C for not less than 20 min in

an autoclave

6.2 Incubato
at37 + 1°C.

, capable of being maintained at 35 + 1 °C or

6.3 Drying cabinet, oven or incubator, capable of being

maintained at
plates.

6.4 Water-ba
cooling the mel

6.5 Test-tub
16 mm x 160
bottles, for th¢
culture media.

6.6 Petri disH
100 mm.
6.7 Loop, of

- platinum-iridium

b0 + 5 °C, for drying the surfaces of agar

h, capable of being maintained at 45 °C, for
ed culture media.

S, of dimensions approximately
m and 20 mm x 200-mm, and flasks or
sterilization and storage of the diluent and

es, made of glass or plastics, of diameter 90 to

diameter approximately 3 mm, and wire, of

9 Procedure

9.1 Test portion, initial suspension and

See ISO 6887 and any specific standard approp
product concerned.

dilutions

riate to the

Prepare a single decimal dilution series from the tgst sample if

the produgt is liquid, or from the initial suspension in the case
of other products.

9.2 MPN technique

9.2.1 Inoculation and incubation

Take three tubes of double-strength mediun} [5.3.1 a)l.
Transfer to each of these tubes, using a pipette (6{8), 10 ml of
the test sample if the product is liquid, or 10 ml pf the initial

suspension in the case of other products.

Take three tubes of single-strength medium [5.3.1
to each of these tubes, using another pipette (6.8)
test sample if the product is liquid, or T ml of the i
sion in the case of other products.

Take three more tubes of single-strength mediun

b)]. Transfer
1 ml of the
itial suspen-

n [5.3.1 bll.

Transfer to each of these tubes, using another

ipette (6.8),

of nickel-chromium, and/or a glass rod. 1 ml of the f_irst. decimal dilution (10'“1) of the test. ample if the
—'—q—mﬂrmum—wﬂmwmﬁwmnm-drfttuon of the

initial suspension (10~2) in the case of other products.

NOTE — A nickel-chromium loop is not suitable for use in the oxidase

test (see 9.4.2.1).

- 6.8 Total

delivery graduated pipettes,

of nominal

Incubate these nine tubes at 35 °C or 37 °C " for 24 h.

capacities 1 and 10 ml, graduated respectively in 0,1 ml and
0,5 ml divisions, and with an outflow opening of diameter 2 to
3 mm.

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

9.2.2 lIsolation

Streak a loopful (6.7) from each of the nine incubated cultures
(see 9.2.1) on the violet red bile glucose agar plates (see 5.3.2)
and incubate the plates at 35 °C or 37 °C1 for 24 h.,

1) The temperature should be agreed between the parties concerned and recorded in the test report.
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9.2.3 Selection of colonies for confirmation

From each of the plates incubated in 9.2.2 on which typical
pink to red colonies (with or without precipitation haloes) or
colourless, mucoid colonies have developed, select at random
five such colonies for biochemical confirmation (see 9.4.2) after
subculturing (see 9.4.1}.

9.3 Colony count technique

1ISO 7402-1985 (E)

Consider the determination to be void if half or more than half
the surface area of a plate is overgrown. If less than half of the
surface area of a plate is overgrown, count the colonies on the
clear part and extrapolate so that the number corresponds to
the total surface area of the plate.

9.4 Confirmation

9.4.1  Subculturing

Streak .on nutrient agar plates (5.3.4) each of the colonies

9.3.1 . Ingrutationrandincubation

9.3.1.1 Thke two sterile Petri dishes (6.6). Using a sterile
pipette (6.8}, transfer to each dish 1 ml of the test sample if the
product is [liquid or 1 ml of the initial suspension in the case of
other products.

Take a fufther two sterile Petri dishes. Using a fresh sterile
pipette, transfer to each dish 1 ml of the first decimal dilution
{10~ ") of the test sample if the product is liquid, or 1 ml of the
first decimil dilution of the initial suspension (10 ~2) in the case
of other pfoducts.

Repeat this procedure with successive decimal dilutions, using
a fresh stgrile pipette for each decimal dilution.

9.3.1.2 Hour into each of the dishes approximately 15 mt of
the violet fed bile glucose agar medium (5.3.2} which has been
“melted anfl cooled to approximately 45 °C in the water-bath
*{6.4). Thetime elapsing between completion of the preparation
of the initil suspension (or of the 10~ dilution if the produet is
liquid} and the pouring of the medium (5.3.2) into the, dishes
shall not gxceed 15 min.

Carefully mix the inoculum with the medium by horizontal
movements of the plates and allow the mixture to solidify by
placing the plates on a cool horizontal(surface.

9.3.1.3 After solidification of the’mixture, add a covering layer
of 10 to 14 ml of the violet red bife glucose agar medium (5.3.2},
melted angl cooled as desgcribed in 9.3.1.2, to prevent spreading
growth arld to obtain semi-anaerobic conditions.

9.3.1.4 Allow the'second layer to solidify. Incubate the plates,
bottom u;[permost, at 35 °C or 37 °C" for 24 h.

selected for confirmation (see 9.2.3 and 9.3.D).

Incubate these plates at 35 °C or 37 °CY,for 24 h. Select a well
isolated colony from each of the-incubatgd plates for bio-
chemical confirmation (see 9.4.2),

9.4.2 Biochemical confirmation

9.4.2.1 Oxidase reaction

Using the platinum-iridium loop or wire or glags rod (6.7), take a
portion of@ach well isolated colony {9.4.1) and streak on a filter
paper moistened with the oxidase reagent (5.4) or on a com-
mercially available disc. A nickel-chromium Joop or wire shall
not’be used.

Consider the test to be negative if the cololr has not turned
dark purple in 10 s.

9.4.2.2 Fermentation test

Stab, using a wire (6.7), the same colonies $elected in 9.4.2.1
into tubes contalnlng glucose agar (5 3. 3) Ingubate at 35 °C or
37°C" for 24 h.

If a yellow colour develops throughout th¢ contents of the
tube, the reaction is regarded as positive. Mdst strains produce
gas.

10 Expression of results

10.1 Calculation of the most probable number
(MPN)

9.3.2 Counting and selection of colonies

Select, if possible, two plates (9.3.1.4) containing 15 to 150
typical colonies (see 9.2.3} of diameter 0,5 mm or more; count
these suspect colonies. Select at random five such colonies
from each plate for biochemical confirmation (see 9.4.2) after
subculturing (see 9.4.1).

If two successive dilution levels 'gave plates containing 15 to
150 typical colonies, select the two plates inoculated with the
greater amount of test sample.

10.1.1 Count the number of positive tubes for each dilution.

10.1.2 If one of the selected typical colonies (9.2.3) of a sub-
culture (see 9.4.1) is oxidase-negative and glucose-positive, the
tube from which the subculture is derived shall be regarded as
being positive.

10.1.3 Using the MPN table (see annex A), determine from
the number of positive tubes in the different dilutions, the most
probable number (MPN) index.

1) The temperature should be agreed between the parties concerned and recorded in the test report.
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10.1.4 In the case of liquid products, the number of Entero-
bacteriaceae per millilitre is calculated by dividing the MPN
index by 10. In the case of other products for which initial
suspensions are prepared, the number per gram is equal to the
MPN index.

10.2 Calculation of colony count

10.2.1 If at least 80 % of the selected typical colonies (see
9.3.2) are oxidase-negative and glucose-positive and thus con-
firmed as Enterobacteriaceae, the number of micro-organisms

10.2.5 Calculate the number of Enterobacteriaceae per milli-
litre (in the case of liquid products) or per gram (in the case of
other products) by multiplying the number obtained according

to 10.2.4 by the dilution factor.

10.2.6 Express the result as a number between
multiplied by the appropriate power of 10.

In the event of finding less than 15 typical Entero

1,0 and 9,9

bacteriaceae

colonies per plate, express the result as calculated (in 10.2.3

and 10.2.4}, noting that the 95 % confidence limi

ts (annex B)

widen for smaller numbers of colonies, but that they are still

better-than-thosefercorresponding-MPN-counts-{see annex A).

present will be the same as that given by the count made in
9.3.2.

10.2.2 In all other cases, the number shall be calculated from
the percentage |of oxidase-negative and glucose-positive col-
onies in relation to the total number of selected colonies
(see 9.3.2).

10.2.3 Calculaje the arithmetic mean of the number of
Enterobacteriacg¢ae colonies counted on the duplicate plates in
9.3.2.

10.2.4 Retain ¢nly two significant figures, rounding the result
as follows:

a) if the number is less than 100, round it to the nearest
multiple of 5;

b} if the number is more than 100 and does not end with a
5, round it t¢ the nearest multiple of 10;

c} if the number is more than 100 and ends wifh ab, round
it to the nearest multiple of 20.

10.3 Precision of the method

It is known that wide variations in resGlts may oG
MPN technique. Results obtainedyfrom this me
therefore be used with caution. Confidence limits|
annex A.

For statistical reasons alone,~in 95 % of cases th
limits of the colony count technique vary from

cur with the
thod should
are given in

e confidence
+16 % to

+52 %1 for colony counts of less than 15 per plate, the con-

fidence limits are\given in annex B. In practice,
variation may,_be found, especially among results
different workers,

11 “Test report

pven greater
obtained by

The test report shall show the method used, the teperature of

incubation and the results obtained. It shall also
operating details not specified in this International
regarded as optional, together with details of a
likely to have influenced the resuits.

The test report shall include all the information n
the complete identification of the sample.

mention any
Btandard, or
ny incidents

ecessary for

1) See CoweLL and MorisetTl, J. Sci. Fd. Agric. 20 : 573.
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Annex A

Determination of most probable number

Table 1 — MPN indexes and confidence limits "

Number of MPN n(i'ar:‘t:’get:rzfz )t:vs't‘seri‘s Confidence limits 3)

positive results index 1 Py 2 o 10 - G5 0 >99 %
0 0 0 <0,30 0,00 0,94 0,00 1,40
0 0 1 0,30 3 2 2 2 1 0,01 0,95 0,40 1,40
0 1 0 0,30 2 1 1T 1 1 0,01 1,00 0,40 1,60
0 1 1 0,61 0 3 3 3 3 0,12 - 1,70 0,05 2,50
0 2 0 0,62 3 2 2 2 1 0,12 1,70 0,45 2,50
0 3 0 0,94 0 0 0 0 3 0,35 3,50 0,18 4,60
1 0 0 0,36 1 1 1 1 1 0,02 170 oM 2,50
1 0 1 0,72 2 2 1 1 1 0,12 1,70 0,05 2,50
1 0o 2 11 o 0o 0 3 3 04 35 0.4 46
1 1 0 0,74 1 1 1 1 1 0,13 2,00 0,06 2,70
1 1 1 1,1 3 3 2 2 2 0,4 3,5 0,2 4,6
1 2 0 11 2 2 1 1 1 0,4 3,5 0,2 4,6
1 2 1 1,5 3 3 3 3 2 0,5 3,8 0,4 5,2
1 3 0 1,6 3 3 3 3 2 0,5 3,8 0,4 5,2
2 0 0 0,92 1 1 1 14 0,15 3,50 0,07 4,60
2 0 1 1,4 2 1 1 1 1 0,4 35 0,2 4,6
2 0 2 2,0 0 3 3 3 3 0,5 3,8 02 5,2
2 1 0 1.5 1 1 1 1 1 04 3,8 0,2 5,2
2 1 1 2,0 2 2 1 101 05 3,8 0,2 5,2
2 1 2 2,7 0 3 3 3 3 0,9 9,4 0% 14,2
2 2 0 2,1 1 1 1 1 1 0,5 40 0,2 5,6
2 2 1 2,8 3 2 2 2 1 0,9 9,4 0,% 14,2
2 2 2 3,56 Q 0 0 0 3 0,9 9,4 0,% 14,2
2 3 0 2,9 3 2 2 2 1 0,9 9,4 0,5 14,2
2 3 1 3,6 0 3 3 3 3 0,9 9,4 0% 14,2
3 0 0 23 1 1 1 1 1 0,56 9,4 0,8 14,2
3 0 1 3.8 1 1 1 1 1 0,9 10,4 0% 15,7
3 0 2 6,4 3 3 2 2 2 1,6 18,1 1,9 25,0
3 1 0 4,3 1 1 1 1 1 0,9 18,1 0,% 25,0
3 1 1 7.5 1 1 1 1 1 1,7 19,9 1, 27,0
3 1 2 12 3 2 2 2 1 3 36 2 44
3 1 3 16 0 0 0 3 3 3 38 2 52
3 2 0 9,3 1 1 1 1 1 1,8 36,0 1.2 43,0
3 2 1 15 1 1 1 1 1 3 38 2 52
3 2 2 21 2 1 1 1 1 3 40 2 56
3 2 3 29 3 3 3 2 2 9 99 5 152
3 3 0 24 1 1 1 1 1 4 99 3 162
3 3 t 46 4 4 4 4 4 9 198 5 283
3 3 2 110 1 1 1 1 1 20 400 10 570
3 3 3 >110

1) From De Man, J.C. Eur. J. Appl. Microbiol. Biotechnol. 17 1983 : 301-305.
2) See table 2.

3) The confidence limits given in table 1 are meant only to provide some idea about 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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