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INTERNATIONAL STANDARD

1ISO

6651-1983 (E)

'Animal feeding stuffs — Determination of aflatoxin B,

content

1 Scopp

This Interrnational Standard specifies two methods for the
determinatipn of the aflatoxin B, content of animal feeding
stuffs.

2 Field jof application
2.1 Method A is applicable to the following simple feeding
stuffs :

— - oilsgeds and oilseed residues, and in particular ground-
nut, cogra, linseed, soya, sesame, babassu palm;

— ma]wzioc meal;
— maige germ expeller;
— cergals and cereal products;

— ped meal;

— potpto pulp and flour.

In the prespnce of substances interfering with-the determina-

tion by method A, it is recommended that-the determination be
carried out|in accordance with method B«

2.2 Method B is applicable to 'mixed feeding stuffs and to
simple feeding stuffs not mentioned in 2.1.

This method is not applicable to feeding stuffs containing citrus
pulp.

2.3 Theipweriimit of detection of aflatoxin B, is 0,01 mg/kg.

Evaporation of the eluate and dissolution).of
specified volume of chloroform or mixture
acetonitrile,

Thin-layer chromatography, onesdimensional f
two-dimensional for method B; of an aliquo!
solution.

the residue in a
bf benzene and

br method A and
portion of this

Determination of thelaflatoxin B, content, eitl
fluorodensitometry, “by examination of th
under UV light and comparison with known g
dard aflatoxin B applied to the same plate a
extract.

Confirmation of the identity of aflatoxin B4 by
hemiacetal derivative.

5 Reagents

er visually or by

chromatogram
antities of stan-
the test portion

formation of the

All reagents shall be of recognized analytical qiality. The water

used shall be distilled water or water of at
purity.

5.1 Chloroform, stabilized with 0,5 to 1,0 9
ethanol.

5.2 n-hexane.
5.3 Diethyl ether, anhydrous, free from pe

5.4 Benzene/acetonitrile {98 + 2) mixtu

Mix 98 volumes of benzene with 2 volumes o

least equivalent

b of 96 % (V/ V)

roxides.

©.

acetonitrile.

3 Reference

ISO 6498, Animal feeding stuffs —
samples. )

Preparation of test

4 Principle

Extraction of the test portion with chloroform, filtration, and
purification of an aliguot portion on a silica gel column.

1) At present at the stage of draft.

5.5 Chloroform/methanol (97 + 3) mixture.

Mix 97 volumes of chloroform with 3 volumes of methanol.

5.6 Developing solvents.2)

5.6.1 Chloroform/acetone (90 + 10) mixture.

Mix 90 volumes of chloroform with 10 volumes of acetone, in

an unsaturated tank.

2)° The solvents should be used in covered tanks. When saturated tanks are specified, this is achieved by lining the tanks with absorbent paper and

allowing the interiors to become saturated with solvent vapour.

*
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5.6.2 Diethyl ether/methanol/water (96 + 3 + 1)
mixture.

Mix 96 volumes of diethyl ether, 3 volumes of methanol and 1
volume of water, in an unsaturated tank.

5.6.3 Diethyl ether/methanol/water (34 + 4,5 + 1,5)
mixture.

Mix 94 volumes of diethyl ether with 4,5 volumes of methanol
and 1,5 volumes of water, in a saturated tank.

Calculate the concentration of aflatoxin B4, in micrograms per
millilitre of solution, from the formulae :

a) for the chloroform solution :

312 x A x 1000
20 600

b) for the solution in the benzene/acetonitrile mixture :

5.6.4 Chlorofgrm/methanol (94 + 6) mixture.

Mix 94 volumes pf chioroform with 6 volumes of methanol, in a
saturated tank.

5.6.5 Chlorofgrm/methanol (97 + 3) mixture.

Mix 97 volumes pf chloroform with 3 volumes of methanol, in a
saturated tank.

6.7 Silica gel| for column chromatography, of particle size
0,05 to 0,20 mn1.

5.8 Silica gel, G-HR or equivalent, for thin layer
chromatography.

5.9 Diatomadeous earth (Hyflosupercel), acid-washed.
5.10 Sodium [sulphate, anhydrous granules.

5.11 Trifluordacetic acid.

5.12 Inert ga$, for example nitrogen. -

5.13 Sulphuric acid, 50 % (V/ V) solution:

‘5.14 Aflatoxin B,;, standard solution containing about
0,1 ug of aflatogin B, per millilitre,\in' the chioroform (5.1) or in
the benzene/acdtonitrile mixture.(5.4).

WARNING — |Aflatoxins are highly carcinogenic and
must be handigd with great care.

312 x A x 1000
19 800

5.14.2 Dilution

Dilute the stock solution (5.14.1),as appropriate, [away from
daylight, to obtain a standard.solution with a concentration of
aflatoxin B4 of about 0,1 ug/ml.

If kept in-a refrigerator at 4 °C, this solution is gtable for 2
weeks.

5.14.3 Testing of chromatographic purity of t]e solution

Onto a plate (6.7), apply a spot of 5 |l of the standdrd aflatoxin
B4 solution of concentration 8 to 10 pug/ml (5.14.1). Develop
the chromatogram as indicated in 8.5.1. Under UY light, the
chromatogram shall show only one spot and no fluorescence
shall be perceptible in the original deposition zone

5.15 Aflatoxin B, and B, (see the warning in p.14), solu-
tions for qualitative testing, containing about 0,1|ug of afla-
toxin B, and B, per millilitre, in the chioroform (51} or in the
benzene/acetonitrile mixture (5.4).

These concentrations are given as a guide. They shall be ad-

justed so as to obtain the same intensity of fluorgscence for
both aflatoxins (see 8.5.1).

6 Apparatus

Usual laboratory equipment, and in particular :

6.1 Grinder/mixer.

Prepare and check the solution as follows.

5.14.1 Preparation of stock solution and determination
of concentration

Prepare a solution of aflatoxin B, in the chloroform (5.1} or the
benzene/acetonitrile mixture (5.4) such that the concentration
is between 8 and 10 pg/ml. Determine the absorption spectrum
between 330 and 370 nm by means of the spectrophotometer
(6.9).

Measure the absorbance (A) at 363 nm in the case of the
chloroform solution, or at 348 nm in the case of the
benzene/acetonitrile mixture solution.

6.2 Sieve, of aperture size 1,0 mm (see ISO 565).

6.3 Shaking apparatus or magnetic stirrer.

6.4 Chromatographic tubes, made of glass {internal
diameter 22 mm, length 300 mm), with a PTFE tap and a
250 ml reservoir, plugged at the bottom end with cotton or
glass wool.

6.5 Rotary vacuum evaporator, with a 500 ml round-
bottomed flask.
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6.6 Apparatus for thin layer chromatography (TLC), i.e.
that necessary for the preparation of the plates (6.7) and ap-
plication of spots (capillary pipettes or microsyringes), a
developing tank, and spraying apparatus for applying the
sulphuric acid {5.13) to the plates.

6.7 Glass TLC plates, 200 mm x 200 mm, prepared as
follows (the quantities indicated are sufficient to cover five
plates).

Place 30 g of the silica gel (5.8) in a conical flask, add 60 mi of

1SO 6651-1983 (E)

8 Procedure

8.1 Preparation of the test sample

8.1.1 If the sample contains more than 5 % of fat, it shall be
defatted with light petroleum before grinding.

In such cases, the analytical results shall be expressed in terms
of the mass of the non-defatted sample.

8.1.2 Grind the laboratory sample so that it completely passes

water, stopper and shake for 1 min. Spread the suspension on
the plates sp as to obtain a uniform layer 0,25 mm thick. Leave
to dry in the air and then store in a desiccator containing silica
gel. At the lime of use, activate the plates by keeping them in
an oven at [110 °C for 1 h.

Ready-to-use plates are suitable if they give results similar to
those obtained with the plates prepared as indicated above.
6.8 Longjwavelength {360 nm) UV lamp.

The intensity of irradiation shall make it possible for a spot of
1,0 ng of aflatoxin B, to be clearly distinguished on a TLC plate
at a distande of 10 cm from the lamp.

WARNING — UV light is dangerous to the eyes. Protec-

tive goggles shall be worn.

6.9 Spectrophotometer, suitable for making measure;
ments in the UV region of the spectrum.

6.10 Flugrodensitometer (optional).
6:11 Fluted filter paper.

6.12 Graduated tube, of~ capacity 10,0 ml, with a
polyethylerle stopper.

6.13 Conical flask.of capacity 500 ml, with a ground glass
stopper.

through the sieve (6.2). Mix thoroughly. (See IS’O 6498.)

8.2 Test portion

Weigh 50 g of the prepared test sample into the conical flask
(6.13).

8.3 Extraction

Add to the test portion (8:2) 25 g of the diat
(5.9), 25 ml of water, and 250 ml of the chlo

curately measUred from a measuring cylindg

flask, and shake or stir for 30 min using the
Filter through the fluted filter paper (6.11),

discard:the first 10 mi of the filtrate, and subsed

least(60 ml of the filtrate.

8.4 Column clean-up

8.4.1 Preparation of the column

Fill two-thirds of the chromatographic tube

chloroform (5.1) and add 5 g of the sodium
Check that the upper surface of the sodium
flat, then add 10 g, in small portions, of the sil

" carefully after each addition to eliminate air b

stand for 15 min and then carefully add 10

bmaceous earth
oform (5.1) ac-
er. Stopper the
apparatus (6.3).
taking care to
uently collect at

(6.4} with the
sulphate (5.10}.
sulphate layer is
ca gel (5.7). Stir

bbles. Leave to
of the sodium

sulphate (5.10). Open the tap and allow the liqyid to flow until it

is just above the upper surface of the sodiu
Close the tap.

8.4.2 Purification

Transfer, by means of the pipette (6.14}, 50

collected in 8.3 to a 250 ml conical flask, and a
n-hexane (5.2). Mix and quantitatively transfd
the column, rinsing the flask with the n-hexar

. 6.14 Pipette, of L,a'pdbity 50-mt-

6.15 Balance.

7 Sampling

Take the laboratory sample.from the material to be sampled in
accordance with the International Standard for the material
concerned unless sampling for the determination of aflatoxin is
excluded from its field of application. If no appropriate Interna-
tional Standard exists, agreement should be reached between
the parties concerned, taking into account the characteristics
of the material being sampled.

sulphate layer.

| of the filtrate
d 100 mi of the
r the mixture to

)e. Open the tap

ml/min until it is
level with the upper surface of the sodium sulphate layer. Close
the tap. Discard the liquid collected and pour 100 ml of the
diethyl ether (5.3} into the column. Again open the tap and
allow the liquid to flow untit it is level with the upper surface of
the sodium sulphate layer. During these operations, ensure that
the column does not run dry.

Elute with 150 ml of the chloroform/methanol mixture (5.5}
and collect the whole of the eluate in the 500 ml flask of the
rotary evaporator (6.5). Evaporate to dryness on.the rotary
evaporator, preferably under a stream of inert gas (5.12), at'a
temperature not exceeding 50 °C, and under reduced pressure.

NOTE — If a rotary evaporator is not available, add a boiling aid and
evaporate almost to dryness on a water bath.


https://standardsiso.com/api/?name=d6967bedddd851a2c00c7851d48112c9

1SO 6651-1983 (E)

Quantitatively transfer the residue, using the chloroform (5.1)
or the benzene/acetonitrile mixture (5.4), to the 10 ml
graduated tube (6.12). Again evaporate the solution, for exam-
ple in a water bath, preferably under a stream of inert gas
(5.12), and adjust the volume to 2,0 ml with the chloroform
(5.1) or the benzene/acetonitrile mixture (5.4).

8.5 Thin-layer chromatography

8.6.1 Method A — One-dimensional thin-layer

— at point B : 20 il of the standard aflatoxin B, solution
(5.14);

— at point C : 10 Wl of the standard aflatoxin B, solution
(5.14);

— at point D : 20 pi of the standard aflatoxin B, solution
(5.14);

— at point' E : 40 Wl of the standard aflatoxin B4 solution
{5.14).

Dry in a slow stream of air or inert gas {5.12). The spots ob-

chromatography

8.5.1.1 Choicg of solvent

The choice of solvent (5.6.1, 5.6.2, 5.6.3, 5.6.4 or 5.6.5) shall
be made beforghand to ensure that aflatoxins By and B, are
completely sepprated when the plate is developed, which
depends on the| batch of plates in use.

Place 25 ul of the qualitative solution (5.15) on the prepared
plates (6.7) (on¢ plate for each solvent to be checked). Follow
the procedure fn 8.5.1.2 for development, evaporation and
irradiation. Two distinct spots are produced by a suitable
solvent.

8.5.1.2 Procedure

Onto a TLC glate (6.7), and using a capillary pipette or
microsyringe, apply 20 mm from the lower edge, and at inter-
vals of 20 mm,Ithe volumes indicated below of the standard
aflatoxin B, solytion and the extract :

~ 10, 15, 20, 30 and 40 W of the standard aflatoxin B
solution (5.14); .

— 10l of| the extract obtained in 8.4.2 and; superim-
posed on the same point, 20 ul of the 'standard afla-
toxin B4 solution {(5.14);

— 10 and 20 pl of the extract obtained in 8.4.2.

Develop the chriomatogram in the.dark using the developing
solvent chosen (see 8.5.1.1).

Remove the plpte from-the tank, allow the solvents to
evaporate from the plate-in the dark and then examine under
UV light, placind the plate 10 cm from the lamp (6.8). The spots

tained shall have a diameter of about 5 mm.

8.56.2.2 Development (see figure 1)

Develop the chromatogram in direction’}, in the dark, using the
developing solvent (5.6.3) (1 cm layerin a saturatefl tank) untif
the solvent front reaches the limit line. Remove thg plate from
the tank and aliow to dry, in“the’dark, at ambient femperature
for at least 15 min.

Then develop the chiromatogram in direction Il, in the dark,
using the developing solvent (5.6.1) {1 cm layer il an unsatu-
rated tank) until¢the solvent front reaches the limit line. Re-
move the plate from the tank and allow to dry, in [the dark, at
ambient temperature.

8.5.2.3 Interpretation of the chromatogram (see figure 2)

Examine the chromatogram under UV light by placipg the plate
10 cm from the lamp (6.8). Locate the position fof the blue
fluorescent spots B, C, D, and E of the aflatoxin B4 from the
standard solution and trace two imaginary lires passing
through these spots and at right angles to the directions of
development. The point P of intersection of these| lines is the
location at which to expect the aflatoxin B4 spot originating
from the test portion extract applied at point A (sge figure 1).
However, the actual location of the aflatoxin B4 spqt may be at
a point Q at the intersection of two imaginary straight lines for-
ming an angle of about 100° between them|and pass-
sing through points B and C respectively.

8.56.2.4 Supplementary chromatography

Trace on a new plate (6.7) two straight lines parallel{to two con-
tiguous sides, as indicated in figure 1, and apply,|at point A,

of aflatoxin B, s

8.5.2 Method B — Two-dimensional thin-layer
chromatography

8.5.2.1 Application of the solutions (see figure 1)

Trace two straight lines on a plate (6.7) parallel to two con-
tiguous sides (50 and 60 mm from each side respectively), to
establish the limit of migration of the solvent fronts. Apply the
following solutions on the plate using capillary pipettes or
microsyringes : :

— at point A : 20 pl of the purified sample extract ob-
tained in 8.4.2;

20 pl of the purified test portion extract obtained in 8.4.2 and,
sumﬂmmmmwmmz)ﬂﬁr B, solution

(5.14). Develop as indicated in 8.5.2.2. Examine the
chromatogram under UV light and check that

— the aflatoxin B, spots from the extract and the standard
solution are superimposed;

— the fluorescence of this spot is more intense than that
of the aflatoxin B4 spot developed at point Q on the first
plate.

8.6 Determination

Two methods of determination may be used, i.e. visual
measurement or fluorodensitometric measurement.
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8.6.1 Visual measurement

8.6.1.1 Method A

Determine the quantity of aflatoxin B, in the extract by compar-
ing the intensity of fluorescence of the extract spots with that
of the standard solution 'spots. Interpolate if necessary.

The fluorescence obtained by the superimposition of the ex-
tract on the standard solution shall be more intense than that of
the 10 pi of extract and shall be perceptible as only one spot. If
the intensity_of fluorescence given by the 10 il of extract is

1SO 6651-1983 (E)

in 8.7.2.1. In the case of simple pigmented feeds, mixed feeds,
or in cases of doubt, use the two-dimensional thin-layer
chromatographic method described in 8.7.2.2.

8.7.2.1 One-dimensional thin-tayer chromatography

Trace a straight line on a plate (6.7) to divide it into two equal
parts. Apply on each part, 20 mm from the lower edge and at
intervals of 15 mm, the volumes indicated below of the stan-
dard aflatoxin B4 solution and the extract :

greater thah that of the 40 Wl of standard solution, dilute the ex-
tract 10 o1l 100 times with the chloroform (5.1) or with the
benzene/agetonitrile mixture (5.4} before repeating thin-layer
chromatogtaphy.

8.6.1.2 Method B

Determine the quantity of aflatoxin B, in the extract by compar-
ing the intdnsity of the extract spot with that of spots C, D, and
E from the|standard solution. Interpolate if necessary.

If the intepsity of fluorescence given by the 20 ul extract is
greater thap that of the 40 pl of standard solution, dilute the ex-
tract 10 of 100 times with the chloroform (5.1) or with the
benzene/agetonitrile mixture (5.4} before repeating thin-layer
chromatogfaphy.

8.6.2 Mepsurement by fluorodensitometry

Measure the intensity of fluorescence of the aflatoxin B; spots
with the flliorodensitometer (6.10) at an excitation wavelength
of 365 nm |and an emission wavelength of 443 nm.

Determine) in the case of method A, the quantity of aflatoxin
B, in the pxtract spots by comparison with-the intensity of
fluorescenge of the spots from the standard solution, and, in
the case off method B, the quantity of aflatoxin B, in the extract
spot by comparison with the intensity of fluorescence of spots
C, D and § from the standard solution.

8.7 Confirmation of/the‘identity of aflatoxin B,

Confirm tHe identity<of)the aflatoxin B in the extract by the
presumptiye test with sulphuric acid (see 8.7.1) and, if the
result of this test’is positive, by the actual confirmation test
(8.7.2). If the result of the presumptive test with sulphunc acid
(8.7.1) is regs ceed-w 2
confirmation (872) since, in thls case, no aflatoxm B1 is
present.

8.7.1 Presumptive test with sulphuric acid

Spray the sulphuric acid (5.13) on to the chromatogram ob-
tained in 8.5.1 or 8.5.2. The fluorescence of the aflatoxin B,
spots shall turn from blue to yellow under UV light.

aflatoxin

8.7.2 Confirmation test: formation of

B,-hemiacetal {aflatoxin B,)

In the case of simple and only slightly pigmented feeds, use the
one-dimensional thin-layer chromatographic method described

=25 4l of the standard aflatoxin By solytion (5.14);

— a volume of the extract obtained-in 8.412 containing ap-
proximately 2,5 ng of aflatoxin Bj

— 25 Jl of the standard aflatoxin B, solfition (5.14) and,
superimposed on it, a volume of the extract obtained in
8.4.2 containing approximately 2,5 ng of afflatoxin B,.

Apply to one of thedwe halves of the plate, guperimposed on
the spots previously applied, 1 to 2 Ul of the tr[fluoroacetic acid
{56.11}. Dry in a‘stream of air at ambient temperature.

Develop .the, chromatogram, in the dark, uping one of the

developing" solvents (5.6). The choice of the
made beforehand. The solvent system shall
aflatoxin B, -hemiacetal (aflatoxin Bs,} is clear
interfering substances. The solvent front shq
120 mm.

Allow the solvents to evaporate in the dark

solvent shall be
ensure that the
 separated from
uld travel about

and then spray

sulphuric acid (5.13) on to the part of the plafe not previously

treated with the trifluoroacetic acid. Examine
UV light.

The identity of aflatoxin B, is confirmed if
a) the R; value of the aflatoxin B4 deri

from the extract corresponds with that fr
solution;

the plate under

ative originating
pm the standard

b) the aflatoxin B, derivative originating ffom the standard

solution, superimposed on the extract, hg
more intense than the aflatoxin B, deriy
from the extract.

Since fluorescent spots from the extract, ha
value as the aflatoxm B;- hemlacetal m|ght

s a fluorescence
ative originating

ing the same R
lead to a false

, their presence

shall be checked on the part of the plate treated with sulphuric

acid.

In cases of doubt, confirmation by two-dimensional thin-layer

chromatography (8.7.2.2) shall be used.

8.7.2.2 Two-dimensional
figure 3)

8.7.2.2.1 Application of the solutions '

thin-layer chromatography (see

Trace two straight lines on a plate {6.7), parallel to two con-
tiguous sides (60 mm from each side), to establish the limit of

5
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migration of the solvent fronts. Apply the following solutions
on the plate using capillary pipettes or microsyringes :

— at point A : a volume of purified extract from the
sample, obtained in 8.4.2, containing about 2,5 ng of afla-
toxin B4, and a drop (1 to 2 i) of the trifluoroacetic acid
(5.11);

— at points B and C : 25 i of the standard aflatoxin B¢
solution {5.14), and a drop of the trifluoroacetic acid (5.11).

Dry in a stream of air at ambient temperature.

where

C is the concentration, in micrograms of aflatoxin B4 per
millilitre of the standard - solution (5.14) (approximately
0,1 pug/mi);

m is the mass, in grams, of the test portion corresponding
to the volume of extract subjected to column clean-up
(10,0 g);

vy s the final volume of the extract, in microlitres, taking
into account any dilution that was necessary;

8.7.2.2.2 Development

Develop the chrgmatogram in direction I, in the dark, using the
developing solvgnt (5.6.2) {1 cm layer in an unsaturated tank)
until the solventlfront reaches the limit line. Remove the plate
from the tank pnd allow to dry, in the dark, at ambient
temperature, for] 5 min.

Then develop the chromatogram in direction Hl, in the dark,
using the develdping solvent (5.6.1) {1 cm layer in an unsatu-
rated tank} until the solvent front reaches the limit line. Re-
move the plate [from the tank and allow to dry at ambient
temperature.

8.7.2.2.3 Intergretation of the chromatogram

Examine the chromatogram under UV light from the lamp (6.8)
and check for the following features :

a) appeararice of a blue fluorescent spot of aflatoxin
Bs-hemiacetdl, and sometimes a weak blue fluorescent spot
of aflatoxin By, which has not reacted with the trifluoroacetic
acid, originat|ng from the standard solution applied at point
C (migration |in direction |) and from the standard.solation
applied at pojnt B (migration in direction II);

b) appeararjce of spots similar to those described in a),
originating from the sample extract applied at point A. The
position of tHese spots is defined by those originating from
the standard [solution applied at points B and C. The inten-
sities of fluofescence of the affatoxin By-hemiacetal spots
originating from the extract<and'from the standard solution
applied at pojnts B and C should be comparable.

8.8 Number|of déterminations

Carry out two dgtérminations on the same test sample.

of sample, is equal to

V,and V3 are, respectively, the volumes, in.migrolitres, of
the extract and of the standard aflatoxin Bjsolytion (5.14),
applied on the plate, having similar intensities of
fluorescence.

9.1.2 Fluorodensitometric measurements

The aflatoxin B4 content, expressed in micrograms per kilogram

m1XV1
mXVzr

where

m \is the mass, in grams, of the test portion corpesponding
<t0* the volume of extract subjected to column clean-up
(10,0 g);

my is the mass, in nanograms, of aflatoxin B{ in the ex-
tract spot (proportional to the volume V), deduced from
the measurements;

V; s the final volume of the extract, in microlifres, taklng
into account any dilution that was necessary;

V, is the volume, in microlitres, of extract applied on the
plate {10 or 20 pl).

9.2 Precision

Three round-robin trials, two of which were carried out at the
international level (Nos. 1 and 2), on mixed feefing stuffs
{method B) gave the results indicated in the table.

9 Expression of results
9.1 Method of calculation and formula

9.1.1 Visual measurements

The aflatoxin B, content, expressed in micrograms per kilogram
of sample, is equal to

CXxX Vyx Vg
me2

The 11 laboratories participating in trial 2 also arjalysed the
sample by method A, its compos‘ﬂﬁmﬁge, and ob-
tained results very similar to those when using method B, by
visual or fluorodensitometric measurement.

10 Test report

The test report shall show the method used (A or B), the
method of determination (visual or fluorodensitometric
measurement) and the result obtained. It shall also mention all
operating conditions not specified in this International Stan-
dard, or regarded as optional, as well as any circumstances that
may have influenced the results.

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