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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 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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The ISO 18363 series is a family of International Standards which can be used for the determination of
ester-bound MCPD and glycidol. This introduction describes the methods specified in the three documents
currently published or proposed so that the analyst can decide which methods are suitable for application.
The detailed application of each method is contained within the scope of the individual method.

ISO 18363-1 is a differential method equivalent to the DGF standard C-VI 18 (10) and identical to AOCS
Official Method Cd 29c¢-13. Briefly, it is based on a fast alkaline catalysed release of 3-MCPD and glycidol
from the ester derivatives. Glycidol is subsequently converted into induced 3-MCPD. It consists of two
parfs. The first part (A) allows the determination of the sum of ester-bound 3-MCPD and, ester-bound
glydidol, whereas the second part (B) determines ester-bound 3-MCPD only. Both asgays| are based
on the release of the target analytes 3-MCPD and glycidol from the ester-bound form-by fn alkaline
catalysed alcoholysis carried out at room temperature. In part A, an acidified sodiGgm-chloride solution
is uped to stop the reaction and subsequently convert the glycidol into induced-3*MCPD. Thiis, 3-MCPD
and) glycidol become indistinguishable in part A. In part B, the reaction stop isxachieved by the addition
of an acidified chloride-free salt solution which also prevents the conversion of glycidol infto induced
MCPD. Thereby, part B allows the determination of the genuine 3-MCPD,content. Finally, the glycidol
confent of the sample is proportional to the difference of both assags)(A - B) and can be|calculated
wheén the transformation ratio from glycidol to 3-MCPD has been determined. ISO 18363-1 if applicable
to the fast determination of ester-bound 3-MCPD and glycidol invrefined and non-refined vegetable oils
and| fats. ISO 18363-1 can also apply to animal fats and used frying oils and fats, but a validation study
has|to be undertaken before the analysis of these matrices. 4ny free analytes within the sathple would
be included in the results, but the document does not allow the distinction between free and bound
analytes. However, as of publication, research has not shown any evidence of a free analyte| content as
high as the esterified analyte content in refined vegetable oils and fats. In principle, ISO 18363-1 can
alsq be modified in such a way that the determination of 2-MCPD is feasible, but again, af validation
stugly has to be undertaken before the analysis of this analyte.

1SO[18363-2 (proposed) will represent AOCS Official Method Cd 29b-13. Briefly, it will be basgd on a slow
alkaline release of MCPD and glycidol fiom the ester derivatives. Glycidol is subsequently| converted
intq 3-MBPD. ISO 18363-2 will consist-of two sample preparations that differ in the use [of internal
stamdards. Both preparations will be/used for the determination of ester-bound 2-MCPD anjd 3-MCPD.
In part A, a preliminary result forester-bound glycidol will be determined. Because the 3-M(PD present
in the sample will be convertedto some minor extent into induced glycidol by the sample preparation,
part B will serve to quantify this amount of induced glycidol that is subsequently subtractdd from the
preliminary glycidol result of part A. By the use of isotopically labelled free MCPD isomers|in assay A
and isotopically labelléd)ester-bound 2-MCPD and 3-MCPD in part B, the efficiency of ester cleavage will
be gble to be monitoréd. Both assays A and B will be based on the release of the target analytes 2-MCPD,
3-MCPD, and glycidol from the ester-bound form by a slow alkaline catalysed alcoholysis In the cold.
In Hoth samplé&preparations, the reaction will be stopped by the addition of an acidified concentrated
sodjum bromjde solution so as to convert the unstable and volatile glycidol into 3-MBPD which shows
conjparable properties to 3-MCPD with regard to its stability and chromatographic pefformance.
Mo eaver, the major excess of bromlde 1ons will prevent the unde51red formation of 3-MCPD from

will be applicable to the determination of ester-bound 3-MCPD, 2-MCPD, and glyc1dol in refined and
unrefined vegetable oils and fats. It will also apply to animal fats and used frying oils and fats, but a
validation study will have to be undertaken before the analysis of these matrices. Any free analytes
within the sample would be included in the results, but the document will not allow the distinction
between free and bound analytes. However, as of publication of this document, research has not shown
any evidence of a free analyte content as high as the esterified analyte content in vegetable oils and fats.

This document represents AOCS Official Method Cd 29a-13. Briefly, it is based on the conversion
of glycidyl esters into 3-MBPD esters and a slow acid catalysed release of MCPD and MBPD from the
ester derivatives. This document is based on a single sample preparation in which glycidyl esters are
converted into MBPD monoesters, and subsequently, the free analytes 2-MCPD, 3-MCPD, and 3-MBPD
are released by a slow acid catalysed alcoholysis. The 3-MBPD represents the genuine content of bound
glycidol. This document can be applied for the determination of ester-bound 2-MCPD, 3-MCPD, and
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glycidol in refined and non-refined vegetable oils and fats. It can also apply to animal fats and used
frying oils and fats, but a validation study has to be undertaken before the analysis of these matrices.
The method is suited for the analysis of bound (esterified) analytes, but if required, this document
can be also performed without the initial conversion of glycidyl esters. In such a setup, both free and
bound 2-MCPD and 3-MCPD forms would be included in the results and the amount of free analytes can
be calculated as a difference between two determinations performed in both setups. However, as of
publication of this document, research has not shown any evidence of a free analyte content as high as
the esterified analyte content in vegetable oils and fats.
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Animal and vegetable fats and oils — Determination of
fatty-acid-bound chloropropanediols (MCPDs) and glycidol
by GC/MS —

Part 3:

M
fo

1
Thi

2-MCPD), 3-MCPD esters (bound 3-MCPD) and glycidyl esters (bound gly¢idol) in a single a

on
acid

Thi

qualntification (LOQ) is 0,1 mg/kg and the limit of detection (LOD) is 0,03 mg/kg.

2

Thd
con
und

ISO

For

ISO

3.1
bou

r 2-MCPD, 3-MCPD and glycidol

Scope
5 document specifies a procedure for the simultaneous determination: of 2-MCPD est

hcid catalysed ester cleavage and derivatization of cleaved (free) analytes with phe
(PBA) prior to GC/MS analysis.

5 document is applicable to solid and liquid fats and-pils. For all three analytes t

Normative references

following documents are referred to in the, text in such a way that some or all of th
Ktitutes requirements of this document. -For dated references, only the edition cited 3
ated references, the latest edition of thé.referenced document (including any amendmen

3696, Water for analytical laboratary'use — Specification and test methods

Terms and definitions
the purposes of this document, the following terms and definitions apply.
and IEC maintain‘terminological databases for use in standardization at the following ad

IEC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at https://www.iso.org/obp

nd,2-MCPD

s - — , ot

ers (bound
Esay, based
nylboronic

he limit of

bir content
pplies. For
[s) applies.

dresses:

am

unt ol Z-MCUFD cleaved Irom IUS esteriried (boundj Iorms Dy acld catalysed transes

according to the reference method

terification

Note 1 to entry: The content of 2-MCPD is calculated and reported as a mass fraction, in milligrams per
kilogram (mg/kg).

3.2

bound 3-MCPD
amount of 3-MCPD cleaved from its esterified (bound) forms by acid catalysed transesterification
according to the reference method

Note 1 to entry: The content of 3-MCPD is calculated and reported as a mass fraction, in milligrams per
kilogram (mg/kg).
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3.3

bound glycidol

amount of

glycidol cleaved from its esterified (bound) forms by acid catalysed transesterification

according to the reference method

Note 1 to entry: The content of glycidol is calculated and reported as a mass fraction, in milligrams per
kilogram (mg/kg).

4 Principle

The oil/fat
diester an
glycidyl es
bromide. U
3-MBPD es

solution. Al
esters gen
cleaved (fr

The quant
2-MCPD/ 31

esters (expressed as bound glycidol) is based on the 3-MBPD/3-MBPD-d5 signal ratio.

This methg

5 Reag:

WARNING
organizat

Unless oth
ISO 3696.
5.1 Stan
51.1 1,2
synthesize

NOTE
fatty acid d
the majority

]

5.1.2 1,3

ers are converted into 3-MBPD monoesters by the addition of an acidified solution-0f'sodjum
pon completion of the reaction, the organic phase, containing 2- and 3-MCPB:esters jand
ters, is separated and evaporated to dryness. In the second step the residue is dissolved
in tetrahydrofuran and the acid transesterification is initiated by the addition ofsanacid alcoHolic

fter 16 h incubation at 40 °C, the sample mixture is neutralized and the)fatty acid mefhyl
brated during the transesterification are removed. Finally, the purified*sample [contaifing
be) analytes] is derivatized with phenylboronic acid prior to GC/MS analysis.

the
idyl

fication of 2- and 3-MCPD esters (expressed as bound 2- and 3-MCPD) is based on
MCPD-d5 and 3-MCPD/3-MCPD-d5 signal ratio, respectivelyz The quantification of glyd

d allows the simultaneous quantification of all three.analytes in a single assay.

bnts
— This document requires handling of hazardous substances. Technical,
onal, and personal safety measures.shall be followed.

erwise stated, analytically pure réagents shall be used. Water shall comply with grade B of

dard and reference compounds

-Dipalmitoyl-3-chlorepropanediol (PP-3-MCPD), purity = 95 % (e.g. from a supplief or

l from 3-MCPD and.palmitoyl chloride as described by Reference [1]).

,2-Dipalmitoyl*3“chloropropanediol can be substituted by 1,2-dioleyl-3-chloropropanediol or ofher
esters of 3-MCEPD with similar chain length (C16-C18 are preferred as they are the most abundant in
r of oils/fats).

-Dipalmitoyl-2-chloropropanediol (PP-2-MCPD), purity = 95 % (e.g. synthesized from

2-MCPD a

d nalwn'o-nnl chlorida ac daocermibad by Daforanca [11)

NOTE [

POt Oy T CImoTr ot oS Ot otTrToC O Oy I CICTCIICe— 7+

n analogy with the recommendations given for PP-3-MCPD, 1,3-dipalmitoyl-2-chloropropanediol can

be substituted by other fatty acid diesters of 2-MCPD with similar chain length (C16-C18 are preferred as they
are the most abundant in the majority of oils/fats).

5.1.3 Pentadeuterated 1,2-dipalmitoyl-3-chloropropanediol (PP-3-MCPD-d5), purity = 95 %.

NOTE

The same consideration applied to 1,2-dipalmitoyl-3-chloropropanediol is valid also for its

pentadeuterated analogue, see the Note in 5.1.1.

5.1.4 Glycidyl palmitate (Gly-P), purity = 98 %.

© ISO 2017 - All rights reserved
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NOTE Glycidyl palmitate can be substituted by glycidyl oleate or other fatty acid esters of glycidol with
similar chain length (C16-C18 are preferred as they are the most abundant in the majority of oils/fats).

5.1.5 Pentadeuterated glycidyl palmitate (Gly-P-d5), purity = 98 %.

NOTE The same consideration applied to glycidyl palmitate is valid also for its pentadeuterated analogue,
see the Note in 5.1.4.

5.2 Standard solutions

5.2[T  General

All standard solutions can be prepared with either toluene (5.3.5) or tetrahydrofuran{5.8.1)} Toluene is
preferred for standard solutions containing glycidyl esters.

5.2{2 Stock solutions (1 mg/ml)

a) |Weigh 10 mg of PP-3-MCPD (5.1.1) in a 10 ml volumetric flask. Fill up-to the mark, makirlg sure that
the standard is completely dissolved in the solvent.

b) |Weigh 10 mg of PP-2-MCPD (5.1.2) in a 10 ml volumetric flask. Fill up to the mark, making sure that
the standard is completely dissolved in the solvent.

c) |Weigh 10 mg of PP-3-MCPD-d5 (5.1.3) in a 10 ml volumetric flask. Fill up to the mark, nlaking sure
that the standard is completely dissolved in the solvent.

d) [Weigh 10 mg of Gly-P (5.1.4) in a 10 ml volumetric'flask. Fill up to the mark, making syre that the
standard is completely dissolved in the solvent.

e) |Weigh 10 mg of Gly-P-d5 (5.1.5) in a 10 nil*'volumetric flask. Fill up to the mark, making sure that
the standard is completely dissolved in(the solvent.

NOTE Stock solutions are stable for atlleast three months when stored at =18 °C.

5.2/3 Working solutions

a) |Calibration I (PP-3-MCPD;’55 pg/ml). Pipette 550 pl of the stock solution [5.2.2 a)] infto a 10 ml
volumetric flask andfill up to the mark with the solvent.

b) |Calibration II (PB>3-MCPD, 5,5 pg/ml). Pipette 1 ml of the Calibration I solution [5.2.8 a)] into a
10 ml volumetricflask and fill up to the mark with the solvent.

c) |Calibratien/TII (PP-2-MCPD, 55 pg/ml). Pipette 550 pl of the stock solution [5.2.2 b)] into a 10 ml
volumetric flask and fill up to the mark with the solvent.

d) |Cdlibration IV (PP-2-MCPD, 5,5 pg/ml). Pipette 1 ml of the Calibration III solution [5.23 c]] into a

10/ml volumetric flask and fill up to the mark with the solvent

e) Calibration V (Gly-P, 100 pg/ml). Pipette 1 ml of the stock solution [5.2.2 d)] into a 10 ml volumetric
flask and fill up to the mark with the solvent.

f) Calibration VI (Gly-P, 10 pg/ml). Pipette 1 ml of the Calibration V solution [5.2.3 €)] into a 10 ml
volumetric flask and fill up to the mark with the solvent.

g) Internal standard I (PP-3-MCPD-d5, 40 pg/ml). Pipette 400 pL of the stock solution [5.2.2 c)] into a
10 ml volumetric flask and fill up to the mark with the solvent.

h) Internal standard II (Gly-P-d5, 50 pug/ml). Pipette 500 pL of the stock solution [5.2.2 €]] into a 10 ml
volumetric flask and fill up to the mark with the solvent.

© IS0 2017 - All rights reserved 3
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NOTE1 Asanalternative to the preparation of separate standard solutions for each analyte, the three [5.2.3 a),
c), and €)] can be combined in one single standard solution at high concentration of all three analytes (“mixed
Calibration 1”). To prepare the mixed solution, pipette 550 ul of PP-3-MCPD stock solution [5.2.2 a)], 550 pl of
PP-2-MCPD stock solution [5.2.2 b)], and 1 ml of Gly-P stock solution [5.2.2 d)] into a 10 ml volumetric flask and
fill up to the mark with the solvent. Also, the solutions 5.2.3 b), d), and f) can be combined in one single standard
solution at low concentration of all three analytes (“mixed Calibration II"”). To prepare the mixed solution, pipette
1 ml of mixed Calibration I into a 10 ml volumetric flask and fill up to the mark with the solvent.

NOTE 2  The internal standard solutions [5.2.3 g and h)] can also be combined in a single solution (“mixed
internal standard”). To prepare the mixed solution, pipette 400 ul of PP-3-MCPD-d5 [5.2.2 c)] and 500 pl of
Gly-P-d5 [5.2.2 e)] into a 10 ml volumetric flask and fill up to the mark with solvent.

5.3 Othe¢r reagents

5.3.1 Tetrahydrofuran, anhydrous.

5.3.2 Maethanol, analytical grade.

5.3.3 n-Heptane, analytical grade.

5.3.4 Ace¢tone, analytical grade.

5.3.5 Toluene, analytical grade.

5.3.6 Water, ultra-pure (e.g. obtained by using a purificatiowsystem).
5.3.7 Sulfuric acid, purity 2 95 %.

5.3.8 Sodlium hydrogen carbonate, purity = 99%.
5.3.9 Sodlium sulfate, purity = 99 %.

5.3.10 Phgnylboronic acid, purity 297 %.

5.3.11 Sodium bromide, purity >99,5 %.

5.4 Reagent solutions

5.4.1 Acid aquegus solution of sodium bromide [sodium bromide 3 mg/ml, sulfuric acid % %
(volume frpction)}. Prepare a concentrated aqueous solution of sodium bromide by dissolving 1 g of
sodium brqmide {(5.3.11) in 10 ml of ultrapure water (5.3.6). Transfer 180 pl of the concentrated solufion
into an emlpty conical flask. Add 0.3 ml of sulfuric acid (5.3.7) and 5,5 ml of ultra-pure water (5.3.6).
Shake vigorously.

It is advisable to freshly prepare the solution on daily basis.

5.4.2 Sodium hydrogen carbonate solution (0,6 %, mass concentration). Weigh 0,6 g of sodium
hydrogen carbonate (5.3.8) in a 100 ml volumetric flask and fill up to the mark with ultra-pure water
(5.3.6). Use an ultrasonic bath (6.3) to ensure the complete dissolution of the reagent.

NOTE As an alternative, the solution can be prepared by dilution of the sodium hydrogen carbonate
saturated solution (5.4.4).

4 © IS0 2017 - All rights reserved
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5.4.3 Sulfuric acid/methanol solution (1,8 %,volume fraction). Pipette 1,8 ml of sulfuric acid (5.3.7)

ina

Itis

100 ml volumetric flask and fill up to the mark with methanol (5.3.2).

advisable to freshly prepare the solution on daily basis.

5.4.4 Sodium hydrogen carbonate solution (saturated). Weigh 9,6 g of sodium hydrogen carbonate
(5.3.8) in a 100 ml volumetric flask and fill up to the mark with ultra-pure water (5.3.6). Use an ultrasonic
bath (6.3) to ensure the dissolution of the reagent.

NOTE The saturated solution of sodium hydrogen carbonate can be substituted with a solution

con

entration (9 %, mass concentration) to improve the robustness of the method

of the exact

5.4
100
to e

5 Sodium sulfate solution (20 %, mass concentration. Weigh 20 g of sodium sulfate
ml volumetric flask and fill up to the mark with ultra-pure water (5.3.6). Use an ultrasoni
nsure the complete dissolution of the reagent.

5.4
12

NOTE The phenylboronic acid does not dissolve completely in the solvent mixture. Only the su

use

6

6.1
6.2
6.3
6.4
6.5

6.6
a)

(5.3.9) in a
c bath (6.3)

6 Phenylboronic acid solution (saturated). Weigh 3 g of phenylborenic acid (5.3.19) and add
1 of an acetone (5.3.4)/ultra-pure water (5.3.6) mixture (19/1 volume fraction). Shake vigorously.

for the derivatization step (8.1.6).

Apparatus
Vortex mixer.
Oven, capable of 45 °C £ 5 °C.
Ultrasonic bath.
Evaporation unit (nitrogen).
Centrifuge.

GC/MS equipment ¢onsisting of

bernatant is

capillary gas,chromatograph coupled with a quadrupole mass selective detector] and data

processing system, and

b) |bonded{poly(dimethylsiloxane) capillary column (e.g. 30 m length x 0,25 mm i.d. x 1,0 pm film
thickiiess).

7 "Sample

7.1 Sampling

Sampling is not part of this method. A recommended sampling method is given in ISO 5555.

7.2

Preparation of the test sample

Liquid samples shall be used without additional treatment. Solid or turbid fats shall carefully be melted
at approximately 80 °C in a drying oven or water bath. For high-melting fats, the temperature shall
carefully be increased in 10 °C steps until the melting process starts.

© IS0 2017 - All rights reserved
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8 Procedure

8.1 Test

sample preparation

8.1.1 Weigh 100 mg to 110 mg of oil/fat (to a precision of 0,01 mg) in a screw cap glass tube. Add 50 pl
of internal standard working solution I [5.2.3 g)] and II [5.2.3 h)] and 2 ml of tetrahydrofuran (5.3.1). Mix

for 15 s (or

until complete dissolution) by means of a vortex mixer (6.1).

The presence of water interferes with the conversion of glycidyl esters into MBPD monoesters (8.1.2);

therefore, i

t is recommended to use anhydrous tetrahydrofuran (5.3.1)[2].

If the mixe
added to tH

When a sa
extraction
discarding

8.1.2 Ad
using a vor
of 3 ml of (
from the w
15 s. After
to dryness
residue in

Both time
conversion

The clear {
necessary

The evapo
immediate
in the sam
exposure g

8.1.3 Ad
mixer (6.1)

8.1.4 Aft
saturated 3
organic sol

NOTE ’

pents-of.the mixture under a nitrogen stream.

e sample.

mple is suspected to contain high levels of chloride salts, an additional step @fdiquid/lig
with water is required as described by Reference [3]. Particular attentiongshall be pai
the water layer completely after the extraction.

1 30 ul of acid aqueous solution of sodium bromide (5.4.1) to thesample, shake vigoro
tex mixer (6.1) and incubate the mixture at 50 °C for 15 min. Stop.the reaction by the addi
,6 % aqueous solution of sodium hydrogen carbonate (5.4.2). [iorder to separate the oil
ater phase, add 2 ml of n-heptane (5.3.3) and shake vigorously using a vortex mixer (6.1]
separation of the two phases, transfer the upper layer te an’empty glass tube and evapo
under a nitrogen stream (for a maximum of 15 min to:20 min at 35 °C to 40 °C). Dissolve
| ml of tetrahydrofuran (5.3.1).

and temperature of reaction shall be carefully controlled to avoid either sub-opti
of the glycidyl esters or ex-novo formation of-3:MBPD esters[2].

eparation of the organic phase from the ,water phase can be difficult. Therefore, it is o
Fo centrifuge the sample (for approximately 1 min to 2 min at 250g).

[ation of the organic phase under nitrogen stream shall be carefully monitored and stop|
ly after the evaporation of the solvent. A small amount of residual solvent (< 50 pl) dissol

f the sample to a nitrogen.stream.

l 1,8 ml of sulfuric acid/methanol solution (5.4.3) to the sample and shake by means of a vo
for 10 s. Close thie-cap of the glass tube tightly and incubate the mixture at 40 °C for 16 h.

olution(5.4.4) to the sample. Shake by means of a vortex mixer (6.1) for 10 s. Evaporate|

d internal standard solution is used (see the Note in 5.2.3), 50 ul of this solution shall be

juid
l to

1sly
fion
fat
for
rate
the

Imal

Ften

ped
ved

ple does not affect the quality of the results and should be preferred over a prolonged

rtex

er the incubation period, stop the reaction by adding 0,5 ml of sodium hydrogen carbonpate

the

[he removal of organic solvents enhances the sensitivity of the method. The evaporation cap be

stopped wh

en, upon visual check, the volume in the test tube is about 1 ml.

8.1.5 Add 2 ml of sodium sulfate solution (5.4.5) and 2 ml of n-heptane (5.3.3). Shake by means of
a vortex mixer (6.1) for 10 s. The two phases will spontaneously separate in few seconds. Discard the
upper phase (that contains fatty acid methyl esters dissolved in n-heptane) and repeat the extraction
with n-heptane.

During the second extraction, it is important to remove the upper organic phase completely.

8.1.6 Add 250 pl of phenylboronic acid solution (5.4.6), shake for 10 s using a vortex mixer (6.1) and
incubate the mixture for 5 min in an ultrasonic bath (6.3) at room temperature.
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8.1.7 Extract the phenylboronic derivatives of 2- and 3-MCPD as well as 3-MBPD by adding 1 ml of
n-heptane (5.3.3), shaking for 10 s using a vortex mixer (6.1) and transferring the upper phase to an
empty test tube. Repeat the extraction with 1 ml of n-heptane and combine the two extracts. Evaporate
the extracts to dryness under a nitrogen stream. Dissolve the residue in 400 pl of n-heptane by shaking
the mixture for 10 s using a vortex mixer (6.1) and transfer the supernatant to an empty GC vial (a glass
insert of about 250 ul of volume is typically used).

The evaporation of the extracts under nitrogen stream can be carried out at approximately 35 °C to
40 °C to facilitate the evaporation of the n-heptane, but it shall be stopped as soon as the solvent is
evaporated in order to avoid losses due to the high volatility of the phenylboronic derivatives.

If the evaporation of the extracts is carried out at elevated temperature (at a maximum.of[40 °C), the
tesy tubes shall be allowed to cool down to room temperature before dissolving the residue.

NOTE During the evaporation of the extracts, the excess of phenylboronic acid that didmot reacfwith 2- and
3-MLPD, as well as 3-MBPD, crystallizes by forming a white precipitate on the walls of the.test tube. The addition
of 4P0 pl of n-heptane (final step of the sample preparation) does not lead to its completé dissolution that would
othg¢rwise interfere with the analysis.

8.2| Preparation of the calibration curve

8.2]1 Prepare nine calibration samples by pipetting 50 pl of bgth'internal standard working solutions
[5.2.3 g) and h)] and the volume of calibration solutions [5.2.3 @))to f)] indicated in Table A.1. Add 2 ml of
tetrphydrofuran (5.3.1) and shake vigorously for 10 s using a'vortex mixer (6.1).

NOTE The addition of 100 mg to 110 mg of blank oil (centaining no 2-MCPD/3-MCPD esters and glycidyl
estdrs) to the calibration samples can improve the robustness of the method, since the oil matrix acty as a keeper
for the analytes during the evaporation step.

8.2]2 Treat the calibration samples according to the procedure used for the test samples (8]1).
8.3| Gas chromatography/mass spectrometry references
8.3]1 Injection volume: 1,0 pl.

8.3]2 Injection mode: pulsed splitless.

8.3]3 Injection temperature: 250 °C.

8.3[4 Carriergas: helium, flow rate: 0,8 ml/min.

8.3)5 GEwoventemperature programme: 80 °C (isothermal for 1 min), from 80 °C to 170 °C at|10 °C/min,
from 170 °C to 200 °C at 3 °C/min, from 200 °C to 300 °C at 15 °C/min, 300 °C (isothermal for] 15 min).

8.3.6 Mass spectrometric detector: electron-impact (EI), transfer line temperature: 300 °C, ion
source temperature: 230 °C, quadrupole temperature: 150 °C, SIM mode - acquisition time window:
5 min to 20 min.

NOTE Molecular ions (m/z 196 and 201 for 3-MCPD and 3-MCPD-d5, respectively, and m/z 240 and 245 for
3-MBPD and 3-MBPD-d5, respectively) can also be used for quantification purposes; but they are not preferred
because of the lower intensity of their signal, which can compromise the sensitivity.

8.3.7 Parameters for SIM mode: a) phenylboronic derivative of 3-MCPD (m/z) 147 (quantifier ion), 196,
198 (qualifier ions); b) phenylboronic derivative of 2-MCPD (m/z) 196 (quantifier ion), 198 (qualifier ion);
c) phenylboronic derivative of 3-MCPD-d5 (m/z) 150 (quantifier ion for 3-MCPD), 201 (quantifier ion
for 2-MCPD), 203 (qualifier ion); d) phenylboronic derivative of 3-MBPD (m/z) 147 (quantifier ion), 240
(qualifier ion); €) phenylboronic derivative of 3-MBPD-d5 (m/z) 150 (quantifier ion), 245 (qualifier ion).
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9 Expression of results

9.1 Quantification of 3-MCPD esters

9.1.1 Prepare a calibration curve by plotting the ratio of the amount of standard (expressed as free
3-MCPD equivalent) to the amount of internal standard (expressed as free 3-MCPD-d5 equivalent) on
the x-axis, against the ratio of the corresponding peak areas on the y-axis (Figure A.1). lons at m/z 147
(3-MCPD) and 150 (3-MCPD-d5) are used for quantification. Calculate the regression line as shown by

Formula (1):

y = ax A

where
a is
b is

Confirm th

b

the slope;
the y-intercept.

at the linearity is good (R2 > 0,99) and the y-intercept preferably<70,02| in order to ach

a good accyiracy for samples at very low concentration of 3-MCPD esters.

ermine the concentration of 3-MCPD esters in the sest sample (mg/kg) by applj
):

-—b |myg
D

a-W

the concentration of 3-MCPD esters in the test sample (expressed as bound 3-MCPD,

mfg /kg oil);

the area of the peak corresponding to the 3-MCPD derivative (m/z 147);

the absolute amount (in pg, adjusted for the purity) of internal standard added to the
st sample;

the area of the'peak corresponding to the 3-MCPD-d5 derivative (m/z 150);
the slopg of the calibration curve;

thetweight of the sample, in g;

M

eve

ing

(2)

9.1.2 De
Formula (2
A
A
Cc=
where
c is
Aq is
mis is
teg
Ap is
a is
W is
b s

the y-intercept o the calibration curve.
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9.2 Quantification of 2-MCPD esters

9.2.1 Prepare a calibration curve by plotting the ratio of the amount of standard (expressed as free
2-MCPD equivalent) to the amount of internal standard (expressed as free 3-MCPD-d5 equivalent) on the
x-axis, against the ratio of the corresponding peak areas on the y-axis. lons at m/z 196 (2-MCPD) and 201
(3-MCPD-d5) are used for quantification. Calculate the regression line as shown by Formula (3):

y=ax+Db 3)

whére

a isthe slope;
b isthe y-intercept.

Corlfirm that the linearity is good (RZ > 0,99) and the y-intercept preferably < |0,05]| in ordex to achieve
a gqod accuracy for samples at very low concentration of 2-MCPD esters)

9.2)2 Determine the concentration of 2-MCPD esters in the test sample (mg/kg) by applying
Formula (4):

A
_a_b Mg
Ap
C_[ ] @

B a-W

whére

¢  isthe concentration of 2-MCPD-gsters in the test sample (expressed as bound 2-MCFD,
mg/kg oil);

Ay is the area of the peak.corresponding to the 2-MCPD derivative (m/z 196);

mys is the absolute amount (in pg, adjusted for the purity) of internal standard added to the
test sample;

Ap is the area‘efithe peak corresponding to the 3-MCPD-d5 derivative (m/z 201);
a istheslope of the calibration curve;
W  isithé weight of the sample, in g;

b_~ “is the y-intercept of the calibration curve.

9.3 Quantification of glycidyl esters

9.3.1 Prepare a calibration curve by plotting the ratio of the amount of standard (expressed as glycidol
equivalent) to the amount of internal standard (expressed as deuterated glycidol equivalent) on the
x-axis, against the ratio of the corresponding peak areas on the y-axis (Figure A.2). Ions at m/z 147
(3-MBPD) and 150 (3-MBPD-d5) are used for the quantification. Calculate the regression line as shown

by Formula (5):
y=ax+Db (5

where
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b is

3-3:2017(E)

the slope;

the y-intercept.

Confirm that the linearity is good (RZ > 0,99) and the y-intercept preferably < |0,02| in order to achieve
a good accuracy for samples at very low concentration of glycidyl esters.

9.3.2 Determine the concentration of glycidyl esters in the test sample (mg/kg) by applying

Formula (6):
A \
¢ _plm
]
Cc=
a-w
where
¢ is|the concentration of glycidyl esters in the test sample (expressed as bound glycidol,
mfg /kg oil);
Ay is|the area of the peak corresponding to the 3-MBPD derivative (myz 147);
mys is|the absolute amount (in pg, adjusted for the purity) of internal standard added to the
test sample;
Ap is|the area of the peak corresponding to the 3-MBPD-d5derivative (m/z 150);
a is|the slope of the calibration curve;
W is|the weight of the sample, in g;
b  is|the y-intercept of the calibration curye:
NOTE Typical chromatograms of a real sapiple are given in Figures A.3 and A.4.
10 Precision
10.1 General
The method was evaluatedin the international collaborative study conducted by AOCS. Owing to
satisfactorl results préyvided by participating laboratories it was recognized as AOCS Official Met
Cd29a-13. Details ofthe interlaboratory test on the precision of the method are summarized in Anne
The valueq derived\ffom this interlaboratory test may not be applicable to concentration ranges
matrices othertlrah those given in Annex B.

(6)

the
hod
x B.
and

10.2 Repeatability

The difference between two independent single test results, obtained with the same method on
identical test material in the same laboratory by the same operator using the same equipment within

the same d

ay should not exceed 3 % s,[2].

10.3 Between-day reproducibility

The difference between two independent single test results, obtained with the same method on
identical test material in the same laboratory by the same operator using the same equipment within a

short inter

10

val of time (e.g. five days) should not exceed 5 % sg[2].
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11 Test report

The test report shall specify at least the following:

a)
b)

‘)
d)
e)
f)

all information necessary for the complete identification of the sample;

test method used and the element to be determined, with reference to this document,
i.e. ISO 18363-3;

test results obtained using Clause 9 and the units in which they are specified;

dota of coxanling o d coranling oo Ao (€1 arazn).

date-of sampling-and-samplingprecedure(iflnewn);
date when the analysis was finished;

all operating details not specified in this document, or regarded as optional, together with details of
any incidents occurred when performing the method which may have influenced the tedt result(s).

© IS0 2017 - All rights reserved 11


https://standardsiso.com/api/?name=c75f27f5dcf7163b7228345bc5d78859

ISO 18363-3:2017(E)

12

3,5

Annex A
(informative)

Construction of the calibration curves

A (m/z147) /A (m/z 150)

2,5

3,5

2,5

15

y =1,042x- 0,023 ¢ N7
R?=0,999

\ )

0,5 1 1,5 2 2,5 3 3,5
3-MCPD\[fig] / 3-MCPD-d5 [ug]

Figure A.1 — Galibration curve of PP-3-MCPD

v=1032~_0043
J 7 7

A (m/z 1474)./) A(m/z 150)

0,5

R%=0,999

0,5 1 1,5 2 2,5 3 3,5
Gly [ng] / Gly-d5 [ug]

Figure A.2 — Calibration curve of Gly-P
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Figure A.4 — SIM chromatﬁgram of a sample of fully refined palm oil
(extgg’ted ions m/z 196 and 201)
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