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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

Aflatoxins (AFs) are carcinogenic toxins that can naturally contaminate oleaginous seeds and fruits, leading
to the potential risk of the consumption of edible oils contaminated by aflatoxins. Regulatory limits for
AFs in edible oils have been established in several countries. This document specifies a method for the
determination of the aflatoxins By, B,, G; and G, in vegetable fats and oils. The method is based on AOAC
Official Method 2013.05[11 and the validation has been extended to include corn oil, sunflower oil, rapeseed
oil and coconut oil.

© IS0 2024 - All rights reserved
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International Standard ISO 20948:2024(en)

Vegetable fats and oils — Determination of aflatoxins B,
B,, G; and G, by immunoaffinity column clean-up and high-
performance liquid chromatography

1 Scope

This documpent specifies a method for the determination of the aflatoxins By, B,, G; and G,\np vegetable
fats and oi|s, including peanut oil, sesame oil, olive oil, corn oil, sunflower oil, rapeseed oilr-and ¢oconut oil,
using immunoaffinity column clean-up and high-performance liquid chromatography with ppst-column
derivatizatfion.

The limits pf quantification for the aflatoxins By, B,, G; and G,, and for the sum of aflatoxins By, B, G; and G,,
are 1 pg/kg, 0,25 ng/kg, 0,5 pg/kg, 0,25 ng/kg and 1 pg/kg, respectively.

The validation was carried out over the following concentration ranges:
— aflatoyin B; = 1 ng/kg to 20 ug/kg;
— total aflatoxins = 2 pg/kg to 52 pg/kg.

2 Normative references

The follow]ng documents are referred to in the text in such a way that some or all of their content fonstitutes
requirements of this document. For dated references,\only the edition cited applies. For undated feferences,
the latest gdition of the referenced document (inclading any amendments) applies.

ISO 3696, Water for analytical laboratory use=~Specification and test methods

3 Terms and definitions
No terms ajnd definitions are listedsin this document.

ISO and IE( maintain terminelogy databases for use in standardization at the following addresse]

2]

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Elgctropediayavailable at https://www.electropedia.org/

4 Princ|iple

Test samples are extracted with methanol-water (a volume fraction of 55 + 45). After shaking and
centrifuging, the lower layer is filtered, diluted with water, and filtered through glass microfibre filter
paper. The filtrate is passed through an immunoaffinity column, and the toxins are eluted with methanol.
The toxins are subjected to high-performance liquid chromatography with fluorescence detector (HPLC-
FLD) analysis after post column derivatization.

WARNING — Aflatoxins are generally considered to be carcinogenic, neurotoxic and
immunosuppressive. Observe appropriate safety precautions[2] for handling such compounds and
in particular avoid handling in dry form as their electrostatic nature can result in dispersion and
inhalation. Glassware can be decontaminated with 4 % sodium hypochlorite solution. Attention is
drawn to the statement made by the International Agency for Research on Cancer (WHO)[31[4],

© IS0 2024 - All rights reserved
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5 Reagents

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade and only
distilled water or water of grade 1 in accordance with ISO 3696. Solvents shall be of quality for LC analysis.

5.1 Methanol, LC grade or equivalent.

5.2 Acetonitrile, LC grade or equivalent.

5.3 Sodium chloride (NaCl).

5.4 Pota

ccium chloride {Vf‘]).

5.5 Hydj

DI CIIT o I e-ixror

rochloric acid, c(HCI) = 12 mol/l.

5.6 Disodium hydrogen phosphate (Na,HPO,).

5.7 Pota

5.8 Phos

Dissolve 8
Adjust the
properties

ssium dihydrogen phosphate (KH,PO,).

phate-buffered saline (PBS) buffer, pH 7,40.

o NaCl (5.3), 1,2 g Na,HPO, (5.6), 0,2 g KH,PO, (5.7) and0,2 g KCl (5.4) in about 990 1
pH to 7,4 with HCI (5.5) and make up to 1 | with water.Alternatively, a PBS solution of
may be prepared from commercially available PBS material.

5.9 Potassium bromide (KBr).

5.10 Nitri

5.11 Extr

5.12 Was]

5.13 Aflaf
— aflatoy
— aflatos
— aflatoy

— aflatoy

c acid, 65 %
action solvent, mix 55 volume parts 6f methanol (5.1) and 45 volume parts of water.
hing solution, mix 10 volume parts of methanol (5.1) and 90 volume parts of water.

foxin (AF) standards:

in B; (AFB;, C;;H,50, CAS Registry Number©? 1162-65-8), purity > 98 %;
in B, (AFB,, G{7H;,0,, CAS RN© 7220-81-7), purity = 98 %;

in G, (AEGY C,,H;,0,, CAS RN® 1165-39-5), purity > 98 %;

in G4(AFG,, C,,H,,0,, CAS RN® 7241-98-7), purity = 98 %.

All standar

hl of water.
equivalent

ds’shall be either certified standard solutions or in a crystalline form. Store all materia

sat-18 °C.

5.14 AF stock standard solutions

Prepare each of the four AFs at a concentration of 10 pg/ml in acetonitrile. Weigh 1 mg of AFB;, AFB,, AFG;
and AFG, to the nearest 0,01 mg. Dissolve them with acetonitrile in 100 ml volumetric flasks (6.12). Store
AF stock standard solutions at —18 °C. If crystalline AFs are used to prepare the stock standard solutions,
the exact concentrations of the stock standard solutions shall be determined as described in Annex B. The
concentrations of certified standard solutions can be checked according to the method in Annex B.

1) CAS Registry Number® is a trademark of the American Chemical Society (ACS). This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of the product named. Equivalent
products may be used if they can be shown to lead to the same results.

© IS0 2024 - All rights reserved
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5.15 Intermediate AF standard solution:

Prepare a 260 ng/ml aflatoxin mixture solution (combination of AFB;, AFB,, AFG; and AFG, at 100 ng/ml,
30 ng/ml, 100 ng/ml and 30 ng/ml, respectively) by adding the appropriate amount of each aflatoxin stock
standard solution to the same volumetric flask (6.12) and adjust to the volume with acetonitrile. Use the
intermediate AF standard solution as the spiking solution for recovery studies. Store the intermediate AF

standard s

olution at —18 °C. Equilibrate to room temperature for at least 30 min before use.

5.16 Working AF standard solution:

Prepare working standard solutions daily in separate 10 ml volumetric flasks (6.12) according to Table A.1.

Adjust to volume with methanol-water (a volume fraction of 1 + 1).

5.17 4 M nitric acid:

Dilute 13,9|ml of 65 % nitric acid (5.10) with water to a volume of 50 ml.

5.18 HPL(C mobile phase solvent A:

Mix methahol (5.1), acetonitrile (5.2) and water (v: v: v = 25:17:60). Degas the s@lution before use |f an online
system is rjot available on the HPLC (6.15) instrument.

5.19 HPL(C mobile phase solvent B:

Mix methajnol (5.1), acetonitrile (5.2) and water (v: v: v = 25:17:60): Add 120 mg of KBr (5.9) and 350 pl of
nitric acid |(4 M, 5.17) in 1 1 mobile phase. Degas the solution before use if an online system is n¢t available
on the HPIC (6.15) instrument.

5.20 Sodipm hypochlorite solution, concentration (NaOCl) =4 g/100 ml.

6 Apparatus and equipment

The usual laboratory equipment and, in particular, the following shall be used.

6.1 Balance, sensitivity 0,01 g and-3;000 01 g.

6.2 Pipeftes, suitable for handling volumes of 10 pl to 100 pl, 200 pl to 1 000 pl and 1 ml to 10 ml.
Automatic pipettes or 10 ml-graduated glass pipettes may be used.

6.3 Vibrption device;e.g. Vortex.

6.4 Rotary shaker, shaker capable of 400 r/min.

6.5 Column manifold, Vicam G1104 IZ-position pump stand?J, or equivalent.

6.6 Centrifuge, suitable for relative centrifugal force of 6 000g.

6.7 Injection vials, 2 ml, suitable for L.C autosampler.

6.8 Cent

rifuge tubes with screw caps, 50 ml.

2) These 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 ISO of the products named. Equivalent products may
be used if they can be shown to lead to the same results.

© IS0 2024 - All rights reserved
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6.9 Glass syringe, 10 ml.

6.10 Glass cylinder, 25 ml and 50 ml.

6.11 Erlenmeyer flask, 125 ml.

6.12 Volumetric flasks, 2 ml, 10 ml and 100 ml.

6.13 Filter paper.

6.13.1 Fol

ded filter paper.

6.13.2 Gl3ss microfibre filter paper.

6.14 Immunoaffinity column (IAC): The AF IAC contains antibodies, which are specific for afl
B,, G; and [G,. The columns should have a capacity of not less than 200 ng AF and sheuld give a1
not less than 80 % for AFB,, AFB,, AFG; and AFG, when 5 ng of each AF is applied in"10 ml methz

volume fra|

6.15 HPL(
fluorescen

6.16 Post
photochen

6.16.1 Syj
detection
reactor isi

6.16.2 Sysj
shall only
detector in

WARNING
Always sw

6.17 Anal
resolution

6.18 UV-spectrometer with quartz cuvettes.

tion of 10 + 90.

C-FLD system, including an eluent reservoir, a pump, an ifjection system, colun
Ce detector with variable wavelength setting and a data procé€ssor, e.g. an integrator wj

column derivatization systems for AFs, equippéd- with post-column derivatiz
ical reactor cell or electrochemical cell.

tem for derivatization by photochemical reaction, e.g. photochemical reactor fol
PriboFast®KRC or PHREDT™)2), only to be.@sed with mobile phase A (5.18). The pho
hserted between the HPLC column and the'detector inlet.

tem for derivatization with electrochemically generated bromine, e.g. Kobra® C
be used with mobile phase B (5.19). The system is inserted between the HPLC coluy
let, with a current of 100 pA:

itch the system current source off first before switching off the HPLC pump.

ytical reverseiphase HPLC separating column, C18, which ensures a baselin
pf AFB;, AFB,,"AFG; and AFG, peaks from all other peaks.

atoxins B,
'ecovery of
nol-PBS; a

\n oven, a
ith plotter.

htion with

" enhanced
fochemical

b112), which
nn and the

— Never flush 100 % organic solvent through the system as this can damage the membrane.

e resolved

7 Procd

rdiire

7.1 Sam

pling

A representative sample should be sent to the laboratory. It should not have been damaged or changed
during transport and storage.

7.2 Sam

ple pre-treatment

7.2.1 Extraction

Weigh 5 g, weighed to the nearest 0,01 g, of test portion in a 50 ml centrifuge tube (6.8). Add 1 g NaCl (5.3)
and 25 ml extraction solvent (5.11). Vortex until sample particles and extract solvent are well mixed. Shake

© IS0 2024 - All rights reserved
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at 400 r/min for 10 min. For coconut oil that can be in solid state, after the addition of 1 g NaCl (5.3) and
25 ml extraction solvent (5.11), heat the centrifuge tube in a water bath for 10 min at 40 °C to make sure
the coconut oil is in liquid state, and then vortex and shake. Centrifuge at 6 000g for 10 min. Aspirate and
discard the upper oil layer. Pass the lower aqueous methanol layer through folded filter paper (6.13.1).
Measure 15 ml extract after filtration with a 25 ml graduate cylinder and place in a 125 ml Erlenmeyer flask.
Add 30 ml water, mix, and filter through glass microfibre paper (6.13.2). Collect 30 ml filtrate (equivalent to
10 ml extract) into a 50 ml graduate cylinder and proceed immediately with IAC clean-up.

7.2.2 1AC clean-up

[ACs are equilibrated at room temperature for at least 15 min before use. Remove the top cap from the

column and connect to the reservoir of the column manifold. Remove the bottom cap from the column and let
the liquid i nl of filtrate

tha column
|

accthraonabh il it raachac 2 i ahovua tha coliimn nacling Add 20
............. ot Ot S Tt eI Tt T e e oS o o Oy E e e e ot pa bt g e 9o

T

into the co

umn reservoir. Let the filtrate flow through the IAC column by gravity force until the

reaches 2 mm above the column packing. Add 10 ml of washing solution (5.12) to the colurinire

the columr
under the

drip freely
collect intg
and collect]

run dry, then force 10 ml of air through the column with a syringe. Place a 2. mllvolun
folumn. Elute with 0,6 ml of LC grade methanol, collect the AF in a 2 ml volumetric fl3
Let the column run dry. Let stand for 1 min. Elute with an additional-0;6 ml of me
the same volumetric flask. Let the column run dry and force 10 ml of dir through f{
the eluate into the same volumetric flask. Dilute the eluate to volume with water and |

liquid level
bervoir. Let
hetric flask
sk, and let
thanol and
he column
berform LC

analysis.

7.3 Analysis

7.3.1 HBLC conditions

Column tefperature: 35 °C.

Injection vplume: 50 pl.

Flow rate: 1,0 ml/min.

FLD: excitation wavelength-362 nm, emission wavelength 440 nm.

7.3.2 Post-column derivatization

The optionis described in 6.16 havé all proven to be suitable for post-column derivatization.

7.3.3 Calibration graph
Prepare a
injected at
peak areas
Perform a

calibration graph by injecting working AF standard solutions (5.16). These solutions shall be
the beginning of the analysis and whenever the chromatographic conditions have changed. Plot

(y-axispof the individual analytes against the corresponding mass concentrations (ng/ml).
inearity check.

7.3.4

Identification
Identify each aflatoxin peak in the sample chromatogram by comparing the retention times with those
of corresponding reference standards[l. Sometimes, it can be necessary to identify the AF peak by
simultaneous injection of sample test solution and standard solution.

7.3.5 Determination

To carry out the determination by external standard method, the peak area of each aflatoxin in the sample
solution is integrated, which is then related to the corresponding value for the standard substance in the
calibration solutions (5.16).

© IS0 2024 - All rights reserved
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Inject a reagent blank, AF working standards or test solution into the LC column. AFs elute in the order
of AFG,, AFG;, AFB, and AFB,. After passing through the post-column derivatization device, the AFG; and
AFB, are derivatized to form AFG,, (derivative of AFG,) and AFB,, (derivative of AFB,). The peaks should
be baseline resolved. If necessary, adjust the mobile phase by adding water, methanol or acetonitrile for
maximum peak resolution and improved chromatographic performance.

8 Calculations

Calculate the mass fraction X of each AF in micrograms per kilogram in test sample using Formula (1)
(external standard method):

1)

Yo pXV1xV3x1000
/, xmx1000
where
p is the concentration of AFs in the final solution used in the LC determination, in ng/ml;
4] is the volume of the solvent used for extraction, in millilitres (V; = 2§ ml);
v, is the volume of the extract used for clean-up, in millilitres (V=10 ml);
V3 is the final volume (ml) of the test solution (V3 = 2 ml);
m is the mass for test portion in grams, (m =5 g);
1000 | isthe conversion factor.
The total AFs is the sum of AFB,, AFB,, AFG,, and AFG,.
Report the|result in the relevant format after rounding-to two decimal places.
Indicate whether or not a correction for recovery has been applied.
NOTE The results of collaborative studies were not corrected for recovery.
9 Precision
9.1 Results of interlaboratery test
An interlahoratory test carried out at different levels (see Annex C) gave the statistical results (e
accordancg¢ with I1SO 5725-1[6] and 1SO 5725-2[7]) shown in Tables C.1 to C.7.
9.2 Repeatability
The absol

valuated in

thod with

uEe difference between two independent single test results, obtained using the same m:F
identical testmatertat in the same faboratory by the same operator using the same equipment within a short

interval of

time, is the repeatability limit r given in Tables C.1 to C.7.

9.3 Reproducibility

The absolute difference between two single test results, obtained using the same method with identical test
material in different laboratories with different operators using different equipment, is the reproducibility
limit R given in Tables C.1 to C.7.

© IS0 2024 - All rights reserved
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10 Test report

The test report shall contain at least the following data:

all information necessary for the identification of the sample;

the test method used, with reference to this document, i.e. ISO 20948:2024;
the results and the units in which the results have been expressed;

the date and type of sampling (if known);

the date of receipt of the laboratory sample;

the dafe of the test;
any pafrticular points observed in the course of the test;

any operations not specified in the method or regarded as optional which can have.dffected t

© IS0 2024 - All rights reserved
7

he results.


https://standardsiso.com/api/?name=30b7b14e1a89ee99d25337e98624af5c

ISO 20948:2024(en)

Annex A
(normative)

Reference standard solutions and typical chromatogram of AFs

Table A.1 — Concentration of standard solutions

Working Intermediate Final AF concentration of working standard solution
stand —AF standard e/
soluti¢n SOI‘CltliO“ AFB, AFB, AFG, AFG, AF total
1 0 0 0 0 0 0
2 50 0,5 0,15 0,5 0,15 1,3
3 200 2 0,6 2 0,6 52
4 500 5 1,5 5 1,5 13
5 1000 10 3 10 3 26
6 2000 20 6 20 6 52
7 4000 40 12 40 12 104
The concentrations of the standard solutions and the calibration ¢lirve are given as references. Inject at least

four calibration solutions of different suitable concentrations.

An examplp of a chromatogram containing the four main aflatoxins is given in Figure A.1

© IS0 2024 - All rights reserved
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Figure A.1 — Typical L€ chromatogram of aflatoxins in corn oil
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Annex B
(normative)

Determination of the exact concentration of AF stock standard

solutions

Record the ultraviolet (UV) spectrum of aflatoxin solution from 330 nm to 370 nm against the acetonitrile
in the reference cell (see 1SO 16050[2], EN 17424:2020[19], and References [1] and [8]). Determine the

concentrat
absorption

A

fon of the ailatoxin solution by measuring the absorbance (A) at a wavelength of
close to 360 nm using Formula (B.1):

| XMx1000

p:

where

Amax
M
&

d

Molecular

Tal

exd

is the absorbance determined at the maximum of the absorption cutrve;

is the molecular weight of each aflatoxin, in g/mol;

is the molar absorption coefficient of each aflatoxin in.acetonitrile, in m2/mol;
is the path length of the quartz cell, in cm.

veight (M) and molar absorption coefficient (g) values are provided in Table B.1

le B.1 — Molecular mass molar absorption coefficient of AFB,;, AFB,, AFG; and A
Aflatoxins M/(g/ mol) £ (m2/mol)
AFB, 312 20700
AFB, 314 22500
AFG 328 17 600
ARG, 330 18900

maximum

(B.1)

© IS0 2024 - All rights reserved
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Annex C
(informative)

Results of collaborative trial

C.1 General

The values of the repeatability limit and reproducibility limit for this method were derived from

the results

of an interpational interlaboratory test programme carried out in accordance with ISO 5725-2,IV1 For olive
oil, peanut|oil and sesame oil, the collaborative trial was performed as part of the AOAC 2043,03[1] method
programmg and was organized in 2011 by the Technical Center of Qingdao Customs (named|Techrtical Center
of Shandorng Entry & Exit Inspection and Quarantine Bureau before April, 2018), China, Sixteen lgboratories
from sever] countries registered to take part but only 15 sets of results were receive@)The data dre listed in

Tables C.1 to C.3.

For corn dil, coconut oil, rapeseed oil and sunflower seed oil, six samples-with three differlent spiked
levels were tested for each oil type, respectively. Nine laboratories from three countries took part. The

test progrgmme was organized in 2022 to 2023 by the Technical Center’of Qingdao Customs,
results obtlained were subjected to statistical analysis in accordance-with 1SO 5725-1[6l, ISO 57
1SO 5725-d[1 to give the precision data shown in Tables C.4 to C.7.€JorRat valuesl12 are listed in

C.2 Precision data

China. The
D5-2[7] and
each table.
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