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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 ligison with ISO,_ also take part in the work. ISO collaborates closely with the
International |Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stangards
adopted by [the technical committees are circulated to the member bodies for voting.’Publication 3s an
International|Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 14674 |IPF 190 was prepared by Technical Committee ISO/TC 34, oed products, Subcommittee SC 5,
Milk and milk products, and the International Dairy Federation (IDF), in\eollaboration with AOAC Internatjonal.
It is being puplished jointly by ISO and IDF and separately by AOAC ‘Iiniernational.
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Foreword

IDF (the International Dairy Federation) is a worldwide federation of the dairy sector with a National
Committee in every member country. Every National Committee has the right to be represented on the IDF
Standing Committees carrying out the technical work. IDF collaborates with ISO and AOAC International in
the development of standard methods of analysis and sampling for milk and milk products.

Draft|International Standards adopted by the Action Teams and Standing Committees are circulated to the
Natignal Committees for voting. Publication as an International Standard requires approval by.at |east 50 % of
the National Committees casting a vote.

Attention is drawn to the possibility that some of the elements of this document may-be the sublect of patent
rightg. IDF shall not be held responsible for identifying any or all such patent rights.

ISO 14674 |IDF 190 was prepared by Technical Committee ISO/TC 34, Fo6d products, Subcommittee SC 5,
Milk @nd milk products, and the International Dairy Federation (IDF), in cellaboration with AOAC |nternational.
It is Heing published jointly by ISO and IDF and separately by AOAC International.

All wprk was carried out by the Joint ISO/IDF/AOAC Action Team{ Organic contaminants, of the Standing
Committee on Analytical methods for additives and contamihants, under the aegis of its project leader,
Mrs $ Dragacci (FR).
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Milk and milk powder — Determination of aflatoxin M,
content — Clean-up by immunoaffinity chromatography and
determination by thin-layer chromatography

WARNING — The method described in this International Standard requires the use of
solufions. Aflatoxins are carcinogenic to human subjects. Attention is drawn to the stat

by t

Aflat

e International Agency for Research on Cancer (WHO). [°]

pxins are subject to light degradation. Adequately protect analytical work from daylig

flatoxin M,
ment made

ht and keep

aflatoxin standard solutions protected from light, for example by using amber vials or aluminium foil.

The

causr

in di
tore

Use
Inter
1

This

and milk powder by a method including-aclean-up step using immunoaffinity chromatography f

thin-|

The hethod is applicable to raw milk, low fat or skimmed liquid milk and milk powder.

The
quan

2

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

Terms and-definitions

ise of non-acid-washed glassware (e.g. vials, tubes, flasks) for_aqueous aflatoxin s

move all traces of acid. Check to ensure that the pH is in(the range of 6 to 8 by using

hational Agency for Research on Cancer (WHO). [l

Bcope
nternational Standard specifies a methed for the determination of the aflatoxin M, (AFM1) ¢

byer chromatography (IAC-TLC).

owest quantity of AFM1-that can commonly be determined is 2 ng, which corresponds
ification close to 0,107ug/l for liquid milk or dissolved milk powder (for a spot of 20 ul).

21

lutions can

a loss of aflatoxin. Take special care with new glassware. Before use, soak the new glassware
uted acid (e.g. 2 mol/l sulfuric acid) for several hours, then ‘rinse extensively with distilled water

pH-paper.

the decontamination procedure for laboratory “wastes developed and validated by the

bntent of milk
pllowed by a

to a limit of

aflatoxin M, content
mass fraction of substances determined by the method specified in this International Standard

NOTE

kilogram for milk powder.

3 Principle

The aflatoxin M4 content is expressed as micrograms per litre for liquid milk products, and as micrograms per

Aflatoxin M, (AFM1) is extracted by passing the test portion through an immunoaffinity column. The column
contains specific antibodies bound onto a solid support material. As the sample passes through the column,
the antibodies selectively bind with any AFM1 (antigen) present and form an antibody-antigen complex. All

© IS0
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other components of the sample matrix are washed off the column with water. Then the AFM1 is eluted from
the column with methanol and acetonitrile. After concentration of the eluate, the amount of AFM1 is
determined by one-dimensional thin-layer chromatography. In the case of interference, two-dimensional thin-
layer chromatography is carried out to separate the AFM1 from its impurities.

4 Reagents

Use only reagents of recognized analytical grade, unless otherwise specified, and distilled or demineralized
water or water of equivalent purity.

4.1 Pure dolvents.

WARNING - Some of the pure solvents (e.g. chloroform, acetonitrile, toluene and methanel).are {oxic.
Take all necessary precautions where needed.

4.1.1 Chigroform (CHCI;).

4.1.2 Acefonitrile (CH3;CN).

4.1.3 Diethyl ether (C,H;),0.

4.1.4 Methanol (CH;OH).

41.5 Toluene (CgH5CHj3).

4.1.6 Acefone (CH3;.COCHj3), optional.

4.1.7 Isopropanol (CH;CHOHCHj3), optional.

4.2 Acetopitrile/methanol solution, of volume ratio.3:2.

Add 30 ml of|acetonitrile (4.1.2) to 20 ml of methanol (4.1.4) and mix.
4.3 Toluene/acetonitrile solution, of velume ratio 9:1.

Add 9 ml of foluene (4.1.5) to 1 ml of\acetonitrile (4.1.2) and mix. Use this solution to resuspend the AFM1
standard sol{itions (4.5) and the evaporated eluate before the TLC analysis.

4.4 TLC development solvents.
4.41 Unidirectional TEC solution.

Prepare a 1J0 m] unidirectional TLC solution by adding 4 ml of methanol (4.1.4) and 1 ml of water to 95|ml of
diethyl ether [(4.1:3) and mix well (volume ratio 95:4:1).

4.4.2 Bidirectional TLC solution, optional.

Prepare a 100 ml bidirectional TLC solution by adding 10 ml of acetone (4.1.6) and 3 ml of isopropanol (4.1.7)
to 87 ml of chloroform (4.1.1) and mix well (volume ratio 87:10:3).

4.5 Aflatoxin M, standard solution.
4.5.1 AFM1 standard stock solution.

Prepare an AFM1 standard stock solution with a nominal concentration of 10 ug/ml chloroform (4.1.1); i.e. by
resuspending a lyophilized film of 10 ug of AFM1 to 1 ml of chloroform.

2 © ISO and IDF 2005 — All rights reserved
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In accordance with the AOAC protocol [6l, determine the concentration of the AFM1 standard stock solution by
measuring its absorbance at the wavelength of maximum absorption and use a calibrated spectrometer to
record the absorbance of the standard stock solution against chloroform (4.1.1), used as blank, at between
A=200 nm and 4 =400 nm.

Check the purity of the AFM1 by recording the spectrum between 200 nm and 400 nm. Measure the
absorbance (4) at the wavelength for maximum absorption (4,,,,), i-€. close to 365 nm.

Calculate the mass concentration, ¢, expressed in micrograms per millilitre, by using the following equation:

wherg

Kee

c=AxM x100/¢

4 is the numerical value of the absorbance measured at 4,,,,,;

M is the numerical value of the molar mass of the AFM1, in grams per mole (M= 328 g/mo

is the numerical value of the absorption coefficient of AFM1 in chloreform, in square me
(e=1995 m2:mol-1).

standard solution at below 0 °C. Under these conditions, the AFM4 standard stock solution is sta

one

year.

4.5.2] AFM1 standard working solution.

4.5.21 Working solution A.

Use
solu

tion (4.5.1) into a vial. Evaporate the solution to dryness. Resuspend the dried solution W

toluepe/acetonitrile solution (4.3) to obtainc@an AFM1 standard working solution with concentrati
(worKing solution A). Use solution A tospet onto TLC plates for test samples with a high contan
or when the determination level is close t0 0,50 pgl/l.

4.5.2|12 Working solution B.

Trans

standard working solution-with concentration of 0,1 pyg/ml (working solution B). Use solution B
TLC plates for test samples with a low contamination level or when the determination level is clos

Usu

5.1

5.2

5.3

Apparatus

al laboratory apparatus and, in particular, the following.

).

res per mole

p the AFM1 standard stock solution in a well-stoppered amber-coloured vial protected from light. Store the

ble for about

A volumetric pipette or a Hamilton-like microsyringe (5.2) to transfer 50 uyl of AFM1 standard stock

ith 500 pl of
bn of 1 ug/ml
hination level

sfer 100 pl of solutionA)to a vial. Add 900 pl of toluene/acetonitrile solution (4.3) to obtgin an AFM1

to spot onto
e to 0,10 pg/l.

Volumetric pipettes, of required capacities.
Hamilton-like microsyringes.)

Laboratory glassware, such as glass beakers and funnels, of appropriate capacities.

1

Hamilton-like syringes and Whatman No. 4 are examples of suitable products available commercially.

This information is given for the convenience of users of this document and does not constitute an endorsement by either

ISO

or IDF of these products.
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5.4
5.5
5.6 Dispo
5.7 Glass
5.8

5.9

One-mark volumetric flask, of capacity 200 ml.

Measuring cylinder, of capacity 100 ml.

sable syringes, of capacities 10 ml and 100 ml.

conical tube, of capacity 5 ml, to collect the extract after the clean-up step.

Evaporation system, rotary evaporator or by using a gentle stream of nitrogen.

Spectrometer, capable of measuring at wavelengths at between 1=200nm and 4 =400 nm, with

quartz face g
5.10 Water

5.11 Centri
cooling to +4

5.12 Filter

5.13 Affinity columns

The immund
capacity of n
is applied). T
4 ng of toxin
immunoaffini

5.14 Analy
5.15
5.16 Vortey
5.17
5.18 Oven,
5.19

5.20
gel 60, mad¢g

5.21 UV larn

Magnetic stirrer.

Vacuum system, for immunoaffinity cartridge.

Thin-layer chromatography (TLC) container.

Thin-layer chromatography (TLC) plates, of surface 10 cm x 10 cm or 20 cm x 20 cm, with

ftsof opticattength——Tmm:
bath, capable of operating at between 35 °C and 37 °C.

ffuge, capable of producing a radial acceleration of at least 2 000g and, if possible, capa
°C.

baper (Whatman No. 41) or equivalent).

affinity columns shall contain antibodies against AFM1. The, _¢olumns shall have a max
bt less than 100 ng of AFM1 (which corresponds to 1 pg/l or10 ug/kg when 100 ml of test p
[hey shall give a recovery of not less than 80 % for AEM}'when a calibrant solution contz
is applied (corresponding to 0,04 ug/l or 0,40 ug/kg applying a 100 ml of test portion)
ty column meeting the above-mentioned performancé specifications may be used.

ical balance, capable of weighing to the neargst 0,1 g.

type stirrer.

capable of maintaining a‘temperature of approx. 50 °C.

of glass orfaluminium.

hp, capable of operating at 365 nm.

5.22 Densi

ble of

mum
Drtion
ining

Any

silica

ometer (optional).

6 Sampl

ing

A representative sample should have been sent to the laboratory. It should not have been damaged or

changed duri

ng transport or storage.

Sampling is not part of the method specified in this International Standard. A recommended sampling method

is given in IS

O 707/ IDF 50.

© ISO and IDF 2005 — All rights reserved


https://standardsiso.com/api/?name=93ba0efb9a47610085d65305a848bb2d

ISO 14674:2005(E)
IDF 190:2005(E)

7 Preparation of test samples

7.1 Milk or liquid milk products
Warm the test sample in the water bath (5.10) to between 35 °C and 37 °C to dissolve the fat layer in order to
obtain good homogenization of the test sample when mixing gently.

Centrifuge (5.11) the homogenized test sample at a radial acceleration of 2 000g for at least 15 min. If
possible, cool the sample to obtain a better separation of the fat and discard the upper thin fat layer. Filter
through one or more filter papers (5.12), if necessary. Collect at least 100 ml of the thus-prepared test portion.

7.2 | Milk powders

Weigh, to the nearest 0,1 g, 20,0 g of test sample into a 250 ml glass beaker (5.3). Dissolve the
with @about 150 ml of preheated water at 50 °C to 60 °C. Stir the obtained test solution with a m4

(5.15

Allow
volun

for about 10 min.

the test solution to reach room temperature. Then, gently transfer the complete solution
netric flask (5.4). Dilute to the mark with water. Close the flask and shake its contents to o

test sample
gnetic stirrer

to a 200 ml
btain a good

homagenized test solution.

Centtifuge (5.11) the test solution at a radial acceleration of 2 000g-fer 15 min. If possible, cool the solution to
obtaih a better separation of the fat and discard the upper thin/fat layer. Filter through one ¢r more filter
papefs (5.12), if necessary. Collect at least 100 ml of the thus-prepared test portion.

7.3 | Immunoaffinity clean-up

Allow the immunoaffinity column (5.13) to reach room temperature. Attach a syringe barrel to the top of the
immuynoaffinity cartridge. Take 100 ml of prepared-test portion (7.1 or 7.2) using a 100 ml measuiiring cylinder
(5.5) jor pipette.

Transgfer the test portion to the syringe barrel and allow it to pass through the immunoaffinity colymn at a slow

stead
Don
blow

Put gnother dry clean barfel on the cartridge. Slowly elute AFM1 from the column by pass

acetd
contd

Colle
evap

dryng

y flow rate of about 2 ml/min to 3'ml/min. Use gravity or vacuum system (5.17) to control
bt allow the column to run dry. Wash the column with 40 ml of water at a steady flow rate. A
the column to dryness and diseard the washing solution.

nitrile/methanol sol@tion (4.2) and then 2,5 ml of pure methanol (4.1.4). Allow these solv
ct with the columb-for at least 1 min while keeping a steady flow rate. Then blow the column

prator (5:8))at a temperature of < 40 °C or by using a gentle stream of nitrogen. Do not e
ss toallow a good resuspension of the AFM1 present in the test portion residue.

he flow rate.
fter washing,

ng 2,5 ml of
bnts to be in
to dryness.

ct the eluatelin a conical tube and evaporate nearly to dryness (i.e. the last drop) usifg the rotary

aporate it to

Add

POQul of pure acetonitrile (4.1.2) to the test portion residue. Cap the tube and mix, preferab

ly by using a

Vortex type stirrer (5.16), vigorously for about 1 min. Evaporate again nearly to dryness (i.e. the last drop)
using the rotary evaporator (5.8) at a temperature of < 40 °C or by using a gentle stream of nitrogen.

NOTE

toluene/acetonitrile solution.

The former step is necessary to avoid emulsion and to obtain a good resuspension when adding the

Open the tube and add 100 yl of toluene/acetonitrile solution (4.3) to the test portion residue. Cap the tube
and mix, preferably by using a Vortex type stirrer (5.16), vigorously again for about 1 min. Store the thus-
purified test portion until the start of the procedure.

© IS0
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8 Procedure

8.1 Unidirectional TLC

Add onto a TLC plate (5.20), a spot of 10 ul to 20 pl of the purified test portion (7.3). Add also, for example,
5 pl, 10 pl and 20 pl aliquots of the appropriate AFM1 standard working solution prepared in 4.5.2 (solution A

or B).

Place the plate in the TLC container (5.19) containing the unidirectional TLC solution (4.4.1). Develop the

plate until the solvent front reaches a height of about 10 cm.

Remove the plate from the container and let it dry in air. Read the obtained spots by using the UV-lamp
at 365 nm off by using a densitometer (5.22) at 365 nm. Compare the fluorescent intensity of the spot
test portion o those obtained with the AFM1 standard working solutions. The spots may also be‘eom
approaching|extinction.

Calculate thg AFM1 content in the test portion as described in Clause 9.
If the fluoregcence of the test portion spot is more intense than that of the highest AFM1 standard wq
solution, estimate the contamination level. Based on that level, dilute the purified\tést portion (7.3) wi

appropriate Jolume of toluene/acetonitrile solution (4.3).

Repeat the procedure with the diluted purified test portion restarting as in/8.4«

8.2 Bidirgctional TLC

If any interfefence or streak appears in the developed plate close to fluorescent spots, carry out bidired]
TLC. Add onfto a TLC plate (5.20), a spot of 20 ul of the purified test portion (7.3). Add spots of 5 pl, 10 |
20 I of AFM1 standard working solution (4.5.2) to run into direction 1, and spots of 5 yl and 10 ul of
AFM1 standard working solution (4.5.2) to run in direction 2 (see Figure 1).

Place the plate in the TLC container (5.19) containing the unidirectional TLC solution (4.4.1). Develo

5.21)
f the
pbared

rking
th an

fional
| and
same

p the

plate in the first direction until the solvent front_reaches a height of about 7 cm. Remove the plate from the

container angl allow it to dry in air.

Heat the dry plate in the oven (5.18) set at 50 °C for 5 min. Cool the plate and place it with the sg
direction downwards in another TLG-container (5.19) containing the bidirectional TLC solution (4.4.2). De
the plate in the second direction untilthe solvent front also reaches a height of about 7 cm.

Remove the|plate from the<{container and allow it to dry in air. Read the obtained spots using the UV
(5.21) at 369 nm or by using-the densitometer (5.22) at 365 nm. Compare the fluorescent intensity of the
of the test pgortion to those obtained with the AFM1 standard working solutions. The spots may als
compared agproaching-extinction.

Calculate thg AEM1 content in the test portion as described in Clause 9.

cond
velop

lamp
spot
o be

If the fluorescence of the test portion spot is more intense than that of the highest AFM1 standard working

solution, repeat the procedure with a smaller purified test portion (7.4) restarting as in 8.2.

After the TLC analysis, store the remaining purified test portion in a closed vial in a freezer for further

quantification or confirmation of identity, if needed.

6 © ISO and IDF 2005 — All rights reserved
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T o s
() 3ul

40 pl 3 plC5L 10 ul

7, ©0®

—
X

Key

X Direction 2

Y Direction 1

Figune 1 — Bidirectional TLC

9 Calculation and expression of results

9.1 | Calculation

Calcylate the mass fraction of AFM1 in the test sample (7.1 or 7.2), w,, expressed either in ug/| or yg/kg, by
using the following,equation:

Vg ¥Cg(X V1
A~~~V
Vo Xmi

wher

W

vs is the numerical value of the volume of the spot of the AFM1 standard working solution A or B (4.5.2),
comparable to the spot of the test portion (8.1 or 8.2) and used in the calculation, expressed in
microlitres;

cs is the AFM1 content of the used standard working solution A or B (4.5.2) comparable to the spot of
the test portion (8.1 or 8.2) and used in the calculation, expressed in nanograms per microlitre;

v4 is the volume of dissolved residue, expressed in microlitres (v4 = 100 pl);

vy is the volume of the spot (8.1 or 8.2) of the purified test portion comparable to the spot of the
standard working solution A or B (4.5.2) and used in the calculation, expressed in microlitres;

m; is the volume (7.1) or the mass (7.2) of the test sample, expressed either in millilitres or grams.

© ISO and IDF 2005 — All rights reserved 7
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9.2 Expression of results

Express the test results to two decimal places.

10 Precisi

on

10.1 Interlaboratory test

Details of an interlaboratory test on the precision of the method are summarized in Annex A. The values

derived from
those given.

10.2 Repeatability

The absoluts
identical test
interval of tinp

a) For liquifd samples:

— with

— with

— with

— with

b) For powger samples:

— with
— with
— with
— with
10.3 Repra

The absolutd

material in different laboratories with different operators using different equipment, will in not more than 5
cases be grefater than the following.

FY intarlalk $ + + 4 L [H Ll + v o ot +hs
o IriteT IGUUIGLUIy Col Illay NMUL VO AdppITLduIC TU LUTIUTTIN Atvurt 1al IHUO darnu mmiautivco ULUIT

difference between two independent single test results, obtained using the.same methd
material in the same laboratory by the same operator using the same equipment within a
e, will in not more than 5 % of cases be greater than the following.

low contamination level (+ 0,10 pg/l), uncorrected results: 0,17 pgll;
low contamination level (+ 0,10 pg/l), corrected for recovery: 0,10 pg/l;
high contamination level (+ 0,50 pg/l), uncorrected 0,63 pgl/l;
high contamination level (+ 0,50 ug/l), corrected for recovery: 0,96 pgl/l.

low contamination level (+ 1,00 ug/kg), uncorrected: 0,73 pg/kg;
low contamination level (+ 4500 ug/kg), corrected for recovery: 1,04 ug/kg;
high contamination level (+ 5,00 ug/kg), uncorrected: 3,04 ug/kg;
high contamination,tevel (+ 5,00 ug/kg), corrected for recovery: 5,79 pg/kg.
ducibility

difference between two single test results, obtained using the same method on identicq

than

d on
short

| test
% of

a) For liquid products:

— with

— with

— with

— with

low contamination level (+ 0,10 pg/l), uncorrected: 0,18 pgl/l;
low contamination level (+ 0,10 ug/l), corrected for recovery: 0,14 pgl/l;
high contamination level (+ 0,50 pg/l), uncorrected: 0,84 pgl/l;
high contamination level (+ 0,50 ug/l), corrected for recovery: 0,96 pgl/l.
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