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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

General

Oils and fats (i.e. liquid and solid lipids) are predominantly composed of fatty acid esters

(triacylglycerols, TAGs), with smaller amounts of fatty acid esters of sterols and long chain o

alcohols. Due to the high molecular mass of the TAGs and their consequent low volatilit
difficult to analyse directly by gas chromatography (GC), especially if a detailed analysis of u

of glycerol
f aliphatic
y, they are
nsaturated

fatty acids is required. Fatty acids themselves do not chromatograph well (except for short-chain-length
fatty acids, e.g. butanoic and pentanoic acids). It is therefore better practice to form fatty acid esters,

usuplly the fatty acid methyl esters (FAMEs), prior to GC.

The analysis of oils and fats has been extensively reviewed in Reference [9].

formation of FAMEs is a critical stage in the analysis of fatty acids. Non-quantitative

ptty acids to FAMEs, modification of the structure of fatty acids (e.g. changes in pos
metric isomers present) and formation of non-FAME artefacts may all“affect the q
ermination of fatty acid composition.

hsesterification is one mechanism which can be employed to formr¥FPAMEs from fatty ac
(i.e. triacylglycerol). Alkali- or acid-catalysed transesterification procedures can be ug
Es in a methanolic medium; the procedure can be termed/transmethylation. Transmef

conversion
tional and
phantitative

d esters in
ed to form
hylation is
position

n, and its
5 from free

fatty acids.
Formation

Thif document provides guidelines for.the preparation of fatty acid methyl esters. In suppadrt of these
guidlelines, various procedures to prepare fatty acid methyl esters are specified. These Include the
follpwing:

a) |“rapid” transmethylatioh,under alkaline conditions;

b) |“general” transmethylation/methylation under sequential alkaline and acid conditions;

c) |boron trifluoride{BF3) transmethylation/methylation.

“Rapid” transmethylation method under alkali-catalysed conditions

Thip method'is applicable to the routine analysis of edible fats and oils containing fatty acifls down to
butpaneic acid (C4:0) and/or for the determination of butanoic acid or hexanoic acid (C6:0) Hy GC using

an intérnal standard.

Alkaline catalysts transesterify neutral lipids in the presence of anhydrous methanol (transm

ethylation)

more rapidly than acid catalysts. The disadvantages of such alkali-catalysed procedures are that free
fatty acids are not esterified, and the presence of water may prevent the transmethylation going to

completion (hydrolysis of the FAMEs to free fatty acids). The most commonly used re
potassium and sodium hydroxide and sodium methoxide in the presence of anhydrous meth

agents are
anol.

“General” transmethylation/methylation under sequential alkaline and acid conditions

This method under sequential alkali- and acid-catalysed conditions is applicable to all oils and fats
including distillate and acid oils, but is not recommended for lauric oils. Short-chain fatty acid methyl

esters are easily lost during reflux. For lauric acid oils, the “rapid” transmethylation
recommended.

© IS0 2017 - All rights reserved
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During methylation, substances containing the following configurations can be totally or partially
decomposed:

a) keto, epoxy, hydroxyl, hydroperoxy groups;

b) cyclopropyl and cyclopropenyl groups;

c) acetylenic fatty acids.

Boron trifluoride (BF3) transmethylation/methylation

Owing to t]

The BF3 m¢thod is applicable for most oils, fats and derivatives (fatty acids, soaps) with the exception of
milk fats and fats containing fatty acids with specific groups.

During mdthylation, substances containing the following configurations can be totally or partially
decomposgd:

a) keto, epoxy, hydroxyl, hydroperoxy groups;
b) cyclopfopyl and cyclopropenyl groups;
c) acetylgnic fatty acids.

If the fattymatter contains such substances in only very small amouits’(e.g. cottonseed oil), the method
can be applied; otherwise, the “rapid” or “general” transmethylation/methylation methods should be
followed.

For GC, the optimum recovery of the methyl esters fromi‘the reaction mixture is obtained by uging
isooctane |(2,2,4-trimethylpentane). However, only abetit 75 % of the methyl caproate present is
recovered.

Boron triflpioride is a strong Lewis acid, and in the ferm of its coordination complex with methanol, urjder
reflux conditions, it can rapidly methylate fatty acids. Methanolic boron trifluoride does transmethyjate
fatty acid dsters (e.g. triglyceride), but the fate of reaction is slower than the methylation of fatty adids.
Methanoli¢ boron trifluoride solution is commercially available, which enhances the attractiveneds of
this acid cdtalyst, but there are potential disadvantages associated with the use of this reagent.

a) It has peen reported that high-concentrations of boron trifluoride (50 % mass fraction) produce
methoky artefacts from unsaturated fatty acids.

b) The repgent has a limited shelf-life at ambient temperature and should be kept refrigerated.

c) Aged reagent can~produce artefacts and therefore, it is recommended that each new batch
purchgsed be tested before use and periodically during its lifetime.

d) Methaholi¢ Boron trifluoride is an acidic reagent and therefore can produce derivatives of fatty
acids dontaining labile groups which can give rise to spurious peaks on FAME chromatograms.

Additional information

Much attention has been given to the preparation and analysis of esters of short-chain fatty acids by GC,
largely because of their occurrence in milk fats. Short-chain fatty acids, in the free state or esterified to
glycerol, can be converted completely to methyl esters by any of the reagents described in the preceding
paragraphs, but quantitative recovery from the reaction medium may not be achieved unless special
precautions are taken. Losses can occur at several stages in any procedure. Short-chain fatty acid esters
(methyl especially) are volatile and may be lost selectively on refluxing the esterification medium;
they are more soluble in water than longer-chain esters and can be lost in an aqueous extraction step
or they may be distilled off when the extracting solvent is evaporated. Selective losses can also occur
if non-saponifiable impurities have to be removed by sublimation or thin-layer chromatography (TLC)
purification. The best esterification procedures for short-chain fatty acids are those in which heating of
the reagents is avoided and in which stages involving aqueous extraction and solvent removal are absent.

vi © ISO 2017 - All rights reserved
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Injection of reaction media containing basic and acidic esterification catalysts directly on to GC
columns shortens their working lives. The top few centimetres of packed columns can be replenished
periodically, while lengths of deactivated tubing or “retention gaps” ahead of capillary columns protect
them. This can be a small price to pay for the speed, simplicity and accuracy of these procedures.

Additionally, this document gives a simple TLC procedure to check the effectiveness of the
transmethylation/methylation. This procedure may also be used to check the generic composition of an
oil or fat before transmethylation/methylation is undertaken.

© 1S0 2017 - All rights reserved vii
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Animal and vegetable fats and oils — Gas chromatography

of

fatty acid methyl esters —

Part 2:
Preparation of methyl esters of fatty acids

1
Thi

Itin
acid

a)
b)
c)
d)

Met
gas

Mil
doc

Thd
con
und

ISO

No
ISO

Scope
5 document specifies methods of preparing the methyl esters of fatty acids.

cludes methods for preparing fatty acid methyl esters from animal and vegetable fats an
s and soaps. To cover different requirements, four methylation methods.are specified, n4

a “rapid” transmethylation procedure under alkaline conditions;

a “general” transmethylation/methylation procedure under sequential alkaline and acid
a BF3 transmethylation procedure;

an alternative procedure using acid-catalysed transmethylation of glycerides.

hyl esters so produced are used in various analytical procedures requiring such deriv
liquid chromatography (GLC), thin-layer chromatography (TLC) and infrared spectromse

k and milk products (or fat coming from milk and milk products) are excluded from the s
Lument.

Normative references

following documents are-yeferred 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 Jatest edition of the referenced document (including any amendmen

661, Animal and yegetable fats and oils — Preparation of test sample

Terms aid definitions
erms-and definitions are listed in this document.

and [EC maintain terminological databases for use in standardization at the following ad

H oils, fatty
imely:

ronditions;

atives, e.g.
try (IR).

fope of this

Pir content
pplies. For
[s) applies.

dresses:

4

[EC Electropedia: available at http://www.electropedia.org/

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

Reactions

The determination of the fatty acid composition of oils and fats is one of the fundamental analyses
within the fats and oils sector and has been extensively reviewed in Reference [9]. For this purpose, the
fatty acid components of lipids are usually converted to methyl esters followed by GC analysis.

The “rapid” method (5.2) does not derivatize free fatty acids (FFAs) present in oil to fatty acid methyl
esters (FAMESs). If FFAs are present, the assumption is usually made that the FFAs have the same fatty

© IS0 2017 - All rights reserved
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acid distribution as the triglycerides. This is usually true for crude oils, but less so for fractionated or
refined oils. Except for some cold-pressed oils, as a general rule, oils with <0,5 % mass fraction FFAs
have probably been refined; oils above can be assumed to be crude. The tolerable concentration of FFAs
in oil depends on the particular oil being analysed and also the intended use of the FAME data generated.
The presence of FFAs in oil might introduce additional peaks on the final gas chromatogram and make

the identifi

cation of FAMEs synthesized using the “rapid” transmethylation procedure problematic.

The “general” (5.3) procedure derivatizes both FFAs and glyceryl esters to FAMEs (see 5.3.1).

It is up to the analyst to decide whether the use of either the “rapid” or “general” procedure is
appropriate based on the nature of the oil being analysed. This notwithstanding, as a general rule,

use of the

method (5.
hydrolysed
5.5 may be

Owingtot

5 Meth

WARNING
precautio

chemical burns. Methanolic potassium hydroxide solution is poisonous.

‘rapid” method is suggested only if the FFA content is <0,5 % mass fraction. The “gen¢
3) is suggested for oils with an FFA content >0,5 % mass fraction. Alternatively, if aparti
fatis to be converted to FAMEs, the acid-catalysed transmethylation procedure specifie
used.

he toxicity of BF3, it is recommended that the BF3 method (5.4) be used onlyin extremis.

pdology

— The method specified involves the use of potentially hazardous reagents. Nor
s shall be taken for eye protection and for protection from the dangers of corrog

5.1 Preparation of test sample

J

mple shall be liquid, dry and clear. Proceed in accordance with ISO 661, but heat the sample

The test s
to just aboy

5.2 Rap

5.2.1 Applicability

This rapid
analysis of
determina

This proce
the final sd

NOTE 4
the followin

a)

e the melting point.

d method

transmethylation method,.under alkali-catalysed conditions, is applicable to the rou
edible fats and oils containing fatty acids down to butanoic acid (C4:0) and/or for
ion of butanoic acid or hekanoic acid (C6:0) by GC using an internal standard.

Hure does not derivatize FFAs to FAMEs. The analyst should note that the presence of FFA
lution can affect-the quality of subsequent gas chromatography.

\ccording to-COI/T.20/Doc. No. 24:2001[8], a similar procedure can be applied directly to sample
g oil categories:

virginoolive oil with an acidity less than 3,3 %;

ral”
ally
d in

mal
sive

fine
the

s of

b)

refined oljve oil;

9
d)

e)

olive oil (blend of virgin and refined olive oil);
refined olive-pomace oil;

olive-pomace oil (blend of virgin olive oil and refined olive-pomace oil).

5.2.2 Principle

Methyl esters are formed by transmethylation with methanolic potassium hydroxide. Free fatty acids
are not esterified by this procedure.

© ISO 2017 - All rights reserved
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3 Reagents

only reagents of recognized analytical grade, unless otherwise specified.

The reagents shall not produce peaks which interfere with those of the fatty acid methyl esters during
GC. Any new batch of reagent or solvent should be checked by using it to prepare the methyl ester of
pure oleic acid. If any extra, unexpected peaks appear during the final GC analysis, the reagent should
be rejected.

5.2.

3.1 Methanol, containing not more than 0,5 % mass fraction water.

5.2

5.2

5.2

WA
1,1
wh

5.2
c ag

Dis
abs

5.2

Weigh 250 mg (to the nearest 0,1 mg) of valeric acid methyl ester (methyl pentanoate) into a

mal
sanj

5.2

Add
isoq

5.2

5.2
Usu

3.2 Water, complying with ISO 3696[3], grade 3.
3.3 Sodium hydrogensulfate, anhydrous.

3.4 Isooctane (2,2,4-trimethylpentane), chromatographic quality.

RNING — Isooctane is flammable and a fire risk. Explosive volume fraction limits
% to 6,0 %. It is toxic by ingestion and inhalation. Use a propersly operating ventil
bn working with this solvent.

proximately 2 mol/1.

olve, with gentle heating, 13,1 g of potassium hydroxide (mass fraction w = 85 g/100 g) i
blute methanol.

3.6 Internal standard stock solution, fordbutanoic and/or hexanoic acid determinatio

k volumetric flask (5.2.4.4). Use isop¢tane to dissolve the sample and make up to the ma
e solvent.

(5.2.4.2) 10 ml of stock'selution to a 100 ml volumetric flask (5.2.4.4) and make up to the
ctane. Calculate the eoncentration of this reference solution.

3.8 Sodium‘chloride solution, dissolve 40 g of sodium chloride in 100 ml of water.

4  Apparvatus

al laboratory apparatus and, in particular, the following.

in air are
ated hood

3.5 Potassium hydroxide, methanolic solution, A@mount of substance comcentration

n 100 ml of

h only.

50 ml one-
'k with the

3.7 Internal standard réference solution, for butanoic and/or hexanoic acid determination only.

mark with

5.2.

5.2.

5.2.

4.1 Screw-top test tubes, 10 ml, with cap fitted with a PTFE-joint.
4.2 Pipettes, capacities 0,1 ml, 2 ml and 10 ml, ISO 8655-2[6l.

4.3 Glass sample vials, 3 ml.

5.2.4.4 One-mark volumetric flasks, capacities 50 ml and 100 ml, ISO 1042[2] class A.

5.2.5 Procedure

In a 10 ml screw-top test tube (5.2.4.1), weigh approximately 0,1 g of the test sample (5.1). If fatty acids
are to be determined quantitatively by GC using an internal standard(s), it is essential to weigh the

©IS
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test portion accurately, i.e. to the nearest 0,1 mg. The results are then expressed as percentage mass
fractions of the fatty acid in the fat or oil. These results do not necessarily agree with results obtained
by internal normalization.

Add (5.2.4.2) 2 ml of isooctane (5.2.3.4) and shake. In certain instances, it may not be possible to use the
specified 0,1 g sample size, in which case, the amount of isooctane added to the test portion should be
changed proportionately.

For butanoic and/or hexanoic acid determination, pipette (5.2.4.2) 2 ml of reference solution (5.2.3.7)
instead of isooctane. In certain instances, it may be necessary to analyse fats and oils that contain low
amounts of these fatty acids. In this instance, the volume of reference solution added to the test sample
may be reduced proportionately.

Add (5.2.4.2) 0,1 ml of 2 mol/l methanolic potassium hydroxide solution (5.2.3.5), immediaftely
put on the|cap fitted with a PTFE-joint, tighten the cap and shake vigorously for 1 min./Th€ solution
becomes clear and then shortly afterwards becomes cloudy again as glycerol sepatates. Allow to
stand for approximately 2 min. Add approximately 2 ml of sodium chloride solutioncand shake bri¢fly.
Draw off the isooctane layer and transfer to a sample vial (5.2.4.3). Add approximately 1 g of sodjum
hydrogensfilfate (5.2.3.3) and shake the solution.

The isooctine solution is suitable for analysis using GC in accordance with ISO-12966-4.

NOTE The effectiveness of derivatization using the “rapid” procedure candbe determined by TLC as descr{bed
in Annex A.

5.3 General method

5.3.1 Applicability

This general transmethylation/methylation method;”"under sequential alkali- and acid-catalysed
conditions] is applicable to all oils and fats including distillate and acid oils, but not recommended for
lauric oils. [Short-chain fatty acid methyl esters.are easily lost during reflux. For lauric oils, the method
specified i 5.2 is recommended.

During medthylation, substances containing the following configurations can be totally or partially
decomposgd:

a) keto, epoxy, hydroxyl, hydroperoxy groups;
b) cyclopfopyl and cyclopropehyl groups;
c) acetylg¢nic fatty acids:

NOTE According te' COI/T.20/Doc. No. 24:2001[8], this method can be applied directly to samples off the
following oif categories:

a)|virgin olive oil with an acidity greater than 3,3 %;

b) crude olive-pomace oil.

5.3.2 Principle

The alkaline reagent causes transmethylation of glyceryl esters to fatty acid methyl esters; free fatty
acids are converted to soaps. The acid catalyst converts the soaps to fatty acid methyl esters.

CAUTION — Methylation shall be done under a ventilated hood.

5.3.3 Reagents

Use only reagents of recognized analytical grade. The reagents shall not produce peaks which interfere
with those of the fatty acid methyl esters during GC. Any new batch of reagent or solvent should be

4 © IS0 2017 - All rights reserved
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checked by using it to prepare the methyl esters of pure oleic acid. If any extra, unexpected peaks
appear during the final GC analysis, the reagent should be rejected.

5.3.3.1 Isooctane (2,2,4-trimethylpentane), chromatographic quality.

WARNING — Isooctane is flammable and a fire risk. Explosive volume fraction limits in air are
1,1 % to 6,0 %. It is toxic by ingestion and inhalation. Use a properly operating ventilated hood
when working with this solvent.

5.3.3.2 Methanol, containing not more than 0,05 % mass fraction water.

5.3{3.3 Sodium methoxide, methanolic solution, 0,2 mol/I.

Disgolve 8 g of sodium hydroxide in 1 000 ml of methanol. This may be prepared from dommercial
solytions.

5.3]3.4 Phenolphthalein, methanolic solution, 0,2 % mass fraction.

5.3{3.5 Sulfuric acid, methanolic solution, 1 mol/l.

Add 3 ml of 96 % sulfuric acid to 100 ml of methanol.

5.3/13.6 Sodium chloride solution.

Dissolve 40 g of sodium chloride in 100 ml of water.
5.3/3.7 Water, complying with ISO 3696[3], grade 3.

5.3[4 Apparatus and materials

Usual laboratory equipment, and in patticular, the following.

5.3/4.1 One-mark volumetric:flasks, capacity 10 ml with long, narrow, ground neck with a ground-
glags stopper, ISO 1042(2] classA.

5.3/4.2 Reflux condenser, ISO 4799,[4] with ground-glass joint to fit the neck of the flask.
5.3/4.3 Boiling chips, fat free.
5.314.4 Glass funnel.

5.3/4:5 ™ Pipettes, capacities 0,2 ml, 1 ml, and 4 ml, ISO 8655-2[6l.

5.3.5 Procedure

Transfer about 50 mg of the test sample (5.1) into a 10 ml ground-glass necked one-mark volumetric
flask (5.3.4.1).

With the aid of a funnel (5.3.4.4), add 2 ml of 0,2 mol/]l sodium methoxide in methanol (5.3.3.3) and the
boiling chips (5.3.4.3).

Fit a reflux condenser (5.3.4.2), shake and bring to the boil. Reflux the mixture until the solution
becomes clear. For most oils this, takes about 5 min, but for harder or long-chain saturated oils, it can
take as long as 20 min.

NOTE1 Sterol esters are also saponified.

© IS0 2017 - All rights reserved 5
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Remove the flask from the source of heat, wait until the reflux stops, remove the condenser and add two
drops of phenolphthalein solution (5.3.3.4). Add sufficient 1 mol/] sulfuric acid in methanol solution
(5.3.3.5) until the solution becomes colourless and then add (5.3.4.5) 0,2 ml in excess.

Fit the condenser and boil again for 5 min. Withdraw from the source of heat and cool the flask under
running water. Remove the condenser, add (5.3.4.5) 4 ml of sodium chloride solution (5.3.3.6) and shake.

NOTE 2  Longreflux times under acidic conditions can exacerbate losses of dodecanoic acid.

Add (5.3.4.5) 1 ml of isooctane, plug the flask and shake vigorously for 15 s. Leave to settle until the two
phases have separated. Add sodium chloride solution again until the aqueous layer reaches the lower
end of the ffaskmeck: The upper tayer containing the methnyl esters fiis the flask neck.

The upper fsooctane layer is suitable for analysis using GC according to ISO 12966-4.

NOTE3  The effectiveness of derivatization using the “general” procedure can be determined by TL{ as
described i} Annex A.

5.4 Tranpsmethylation using boron trifluoride (BF3) catalyst

WARNING|— The method described involves the use of potentially hazardous reagents. Normal
precautions shall be taken for eye protection and for protection from.the dangers of corrosive
chemical burns.

IMPORTANT — Boron trifluoride is poisonous. For this reason, it is not recommended that
the analy$t prepare the methanolic solution of boron trifluoride from methanol and bojron
trifluoride.

5.4.1 Prijnciple

In the first] alkali-catalysed, step, the TAGs are transmethylated with methanolic sodium hydroxide to
form FAMHs. Any FFAs present are converted to seaps. In the second, acid-catalysed, step, the soaps|are
converted |nto methyl esters by reaction with aboron trifluoride-methanol complex.

Consequently, for analysis of pure fatty acids and soaps, the first, alkali-catalysed, step is unnecesgary
and FAME{ can be prepared directly by'reaction with boron trifluoride.

5.4.2 ATlicability

This methed is applicable for most oils, fats and derivatives (fatty acids, soaps) with the exceptioh of
milk fats and of fats containing fatty acids with specific groups.

During megthylation, substances containing the following configurations can be totally or partially
decomposgd:

a) keto, epoxy, hydroxyl, hydroperoxy groups;

b) cyclop Upyl amdt L_yLlUpl Upcuyl BIroups;
c) acetylenic fatty acids.

If the fatty matter contains such substances in only very small amounts (e.g. cottonseed oil), the method
can be applied; otherwise, the methods specified in 5.2 or 5.3 should be followed.

For GC, the optimum recovery of the methyl esters from the reaction mixture is obtained by using
isooctane. However, only about 75 % of the methyl caproate present is recovered.

5.4.3 Reagents

Use only reagents of recognized analytical grade.
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The reagents shall not produce peaks which interfere with those of the fatty acid methyl esters during
GC. Any new batch of reagent or solvent should be checked by using it to prepare the methyl esters of
pure oleic acid. If any extra, unexpected peaks appear during the final GC analysis, the reagent should
be rejected.

5.4.3.1 Water, complying with ISO 3696[3], grade 3.

5.4.3.2 Sodium hydroxide, methanolic solution, approximately 0,5 mol/I.

Dissolve 2 g of sodium hydroxide in 100 ml of methanol containing not more than 0,5 % mass fraction
of Water.

NOTE If the solution has to be stored for a considerable time, a small amount of white precipitate of sodium
carljonate can be formed; this has no effect on the preparation of the methyl esters.

5.4/3.3 Boron trifluoride (BF3), methanolic solution, 12 % mass fraction to-15% mass fraction.

5.4{3.4 Isooctane (2,2,4-trimethylpentane), of chromatographic quality.

WARNING — Isooctane is flammable and a fire risk. Explosive limits in air are 1,1 % to 6,0 %
(volume fraction). It is toxic by ingestion and inhalation. Use)a properly operating ventilated
hoqd when working with this solvent.

5.413.5 Sodium chloride, saturated aqueous solution.
5.4/3.6 Sodium sulfate, anhydrous.
5.4{3.7 Nitrogen, having an oxygen content £"5’'mg/kg.

5.4/3.8 Hexane, of chromatographic quality, for dry methyl esters only.

NOTE Light petroleum, boiling range 40 °C to 60 °C, redistilled and residue-free, with a bromirje value less
than 1, can be used.

5.413.9 Methylred, 1 g/lsolution in 60 % volume fraction ethanol.

NOTE Solutions of 4%, 20 % and 50 % are available commercially.

5.4/4 Apparatus

Usual laboratory equipment and, in particular, the following.

5.4/44 ™ One-mark volumetric flasks, capacity 50 ml or 100 ml, with ground neck and fitted with a
gro lnd-g]acc stopper, 1SQ 104212] class A

5.4.4.2 Reflux condenser, ISO 4799[4], effective length 20 cm to 30 cm, with a ground-glass joint to fit
the flask (5.4.4.1).

5.4.4.3 Boiling chips, fat-free.

5.4.4.4 Graduated pipettes, capacity 10 ml, ISO 835[1], fitted with a rubber bulb, or automatic
pipettes, capacity 10 ml, ISO 8655-2[6] and fitted with a rubber bulb.

5.4.4.5 Vials, 4 ml, with screw cap.
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5.4.4.6 Separating funnels, capacity 250 ml, ISO 4800I[5], for dry methyl esters only.

5.4.4.7 R

5448 A

otary evaporator.

nalytical balance, capable of being read to the nearest 0,001 g.

5.4.5 Procedure

WARNING — Because of the toxic character of boron trifluoride, perform the methylation under

a ventilat

d hood. It is essential to wash all glassware with water immediately after use.

5.4.5.1 1

Use Table |
methylate

54.5.2 §

For fats an
Add the a

est portion

1 to select the appropriate size of flask and volumes of reagents and solvent réquire
Fhe mass of test portion to be taken from the test sample (5.1).

aponification

d oils, introduce the test portion chosen from Table 1 into the d@ppropriate flask (5.4.1

] to

1),

ropriate amount (see Table 1) of the methanolic sodium hydrekide solution (5.4.3.2) apd a

ask
the
um
[ain

boiling chip. Fit the condenser (5.4.4.2) to the flask. Remove the air from the flask by flushing the f
with dry nitrogen (5.4.3.7) immediately prior to the reflux for a few thinutes. Boil under reflux until
droplets off fat disappear, swirling the flask gently every 30 s to 1.min to prevent a solid ring of sod
hydroxide [forming around the walls of the flask. This usually.takes 5 min to 10 min, but in cer

exception

NOTE |

clarity of the solution is not proof of completion of the reaction:

Unsaponifiable matter is not removed and, if it.d$ present in substantial amounts, it can inter

with the s
following g

Dilute with water (5.4.3.1) the solution obtained after saponification and extract the unsaponifi

matter wit|
acids with
5.4.5.3.

Add the ap
the top of t

For fatty a

the appropriate amhount (see Table 1) of the methanolic boron trifluoride solution into the flask. Fit]

cases, it can take longer.

oils which are soluble in methanol, such as castor 6ils, no droplets of oil are observed. There

bsequent analysis. If this is the casefthe method specified shall be supplemented with
perations.

h diethyl ether, hexane orlight petroleum. Acidify the aqueous solution and extract the f
isooctane (5.4.3.4) or hexane (5.4.3.8). Prepare the methyl esters from these as describe

he condenser.

ids and seaps, introduce the test portion chosen from Table 1 into the appropriate flask.

ore,

fere
the

hble
htty
d in

propriate amount (s€e Table 1) of the methanolic boron trifluoride solution (5.4.3.3) through

Add
the

condenser [to théeflask.
Fabte-t—BF3reactionconditionsand reagentssetectionrguide
Test portion Flask srl)\ll?l(t)il(-)ln BF3 solution Isooctane
mg ml ml ml ml
100 to 250 50 4 5 1to3
GLC
250 to 500 50 6 7 2to5
500 to 750 100 8 9 4to8
IR/TLC
750to 1 000 100 10 12 7 to 10
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5.3 Preparation of the methyl esters in isooctane solution

Continue boiling for 3 min. For oils with long-chain fatty acids, such as fish oils, continue boiling for 30 min.

Add the appropriate amount (see Table 1) of isooctane (5.4.3.4) to the boiling mixture through the top
of the condenser.

Remove the flask from the heat source and remove the reflux condenser. Immediately, without
allowing the flask to cool, add 20 ml of sodium chloride solution (5.4.3.5). Stopper the flask and shake it
vigorously for least 15 s.

Add
of t

Tra
anh

The
foll

a)
b)

‘)

5.4

The
con
stoi
sol
of 2
in s
filli

5.4

Thd
for
fred

NOT
Part

C20

he flask. Allow the two phases to separate.

hsfer 1 ml to 2 ml of the upper isooctane layer into a 4 ml vial (5.4.4.5) and add.a/small
ydrous sodium sulfate (5.4.3.6) to remove any traces of water.

isooctane solution thus obtained is suitable for analysis using GC accérding to 1SO ]
WwSs:

directly on to a packed column for gas-liquid chromatography;
after appropriate dilution with isooctane for capillary column@ystems prior to the injec

after dilution with a lower boiling solvent such as isoo€tane for the special case of cg
column injection.

5.4 Storage of methyl ester solutions

Laining the methyl esters may be stored uider inert gas in a refrigerator. For a longe
age, it is advisable to protect the methyl-esters against autoxidation by adding an antioxi
tion at a concentration that does notinterfere with the subsequent analysis, e.g. a 0,05 g
,6-di-t-butyl-4-methylphenol (BHT).Methyl esters containing methyl butyrate shall onl
ealed ampoules, and special précautions shall be taken to prevent any loss by evaporat
hg and sealing of the ampoules.

5.5 Storage of dry methyl esters

P4 h under an idert gas in a refrigerator or for longer periods under vacuum in a seale
Zer.

E1 Durinig GC of the methyl esters, certain reagents can produce unexpected peaks on
icularlyduring long storage, methanolic boron trifluoride can generate components which intg
Lo Cpp\acids region.

NO

Fmoreof thesaturatedsodiunmrchioridesotutiontobring the tiquidtevetof themixture-into the neck

amount of

12966-4 as

tion;

pillary on-

esters should preferably be analysed as soon as possible. If necessary, the isooctape solution

" period of
dant to the
/1 solution
 be stored
ion during

dry methyl esterstwithout solvent should be analysed without delay. If required, they npay be kept

d tube in a

the graph.
rfere in the

E2 The effectiveness of derivatization can be determined by TLC as described in Annex A

5.5

5.5.

Acid-catalysed transmethylation of glycerides

1 Principle

The acidic methylation reagent causes transmethylation of glyceryl esters to fatty acid methyl esters.
The methylation reagent also converts free fatty acids to fatty acid methyl esters.

5.5.

2 Reagents

Use only reagents of recognized analytical grade, unless otherwise specified, and distilled or
demineralized water or water of equivalent purity.
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5.5.2.1 Sulfuric acid, p20(H2504) = 1,84 g/ml.

5.5.2.2 Methanol, containing not more than 0,05 % mass fraction water.

5.5.2.3 Methylation reagent.

While cooling, add (5.5.3.2) slowly 1 ml sulfuric acid (5.5.2.1) to 15 ml (5.5.3.5) methanol (5.5.2.2).

553 Ap

paratus

Usual labo
5.5.3.1 A
5.5.3.2 G

5.5.33 @

Instead of
provided t

5,534 (
5.5.3.5 P

5.5.4 Pr

Prepare th|

5.5.5 Pr
Weigh (5.5

0,4 ml of methylation reagent (5.5.2.3}\Flame seal the glass ampoule. Heat the glass ampoule ang

contents fq
(5.5.3.4), W

Cool the gl
Open the g
appropriat

The final s

NOTE y
described ix

ratory equipment and, in particular, the following.
nalytical balance, capable of being read to the nearest 10 mg.
raduated pipettes, capacities 1 ml and 5 ml, ISO 835I[1].

lass ampoules, of capacity 5 ml.

glass ampoules, another suitable derivatization vial of similar‘dimensions may be u
hat a leak-tight closure prevents losses of volatile esters.

ven, capable of being maintained between 100 °C and 1X0°C, or boiling water bath.
ipette, 15 ml.

pparation of test sample

e test sample as specified in 5.1.

bcedure

3.1), to the nearest 10 mg, 100‘mg of the prepared sample into a glass ampoule (5.5.3.3).

r 3 hin the oven (5.5.3.4)umaintained between 100 °C and 110 °C or on a boiling water |
ith intermittent mixing'ef the ampoule contents.

hss ampoule and.its-eontents to room temperature and allow for complete phase separaf

e solvent of theésters formed can be necessary.

plution iS\suiitable for analysis using GC according to ISO 12966-4.

Annex A.

'heseffectiveness of derivatization using the “general” procedure can be determined by TL{

Add
| its
ath

ion.

lass ampoule and’take an aliquot of the upper phase for further analysis. Dilution with an

as

10
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Annex A
(informative)

Thin-layer chromatography method for testing the completeness
of derivatization

A.]I Scope

Thif annex describes a thin-layer chromatography (TLC) method for the verification ¢f whether
derjvatization performed according to 5.2, 5.3, 5.4 or 5.5 has occurred quantitatively. Additionally, this
progedure can be useful in determining the generic composition of an oil or fathéfore any deifivatization
professes are undertaken.

A.2 Principle

TL{ is used to resolve derivatization products or the generic constituents of fats and pils before
der|vatization is undertaken. Products are identified following either molybdophosghoric acid
visyalization or iodine vapour visualization by comparing the visualized product bands with those of
test substances run on the same plate.

When derivatization is incomplete, unconverted reaction products, such as mono-, di- and trjiglycerides
as well as free fatty acids, are still identifiable in very low concentrations.

A.3 Reagents

A.3]1 Ready-made TLC/HPTLC plates or aluminium sheets, different sizes (e.g. 10 cth x 10 cm,
20 ¢m x 10 cm, 20 cm x 20 cm), coated with silica gel 60, layer thickness 0,2 mm to 0,25 mm. These
platles may be cut in half to provide plates 50 mm x 100 mm.

A.3]2 Petroleum ether;boiling range 40 °C to 60 °C.
A.3|3 Diethyl ether) peroxide-free.
A.3|4 Glacialacetic acid, mass fraction 100 %.

A.3|5 «Molybdophosphoric acid.

A.3.6 Ethanol, volume fraction 95 % to 96 %.

A.3.7 Molybdophosphoric acid solution, molybdophosphoric acid (A.3.5) in ethanol (A.3.6), volume
fraction 3,5 %.

A.3.8 Ilodine crystals.

A.3.9 Mobile phase, mixture of petroleum ether (A.3.2) (volume fraction 85 ml/101,5 ml) and diethyl
ether (A.3.3) (volume fraction 15 ml/101,5 ml) and acetic acid (A.3.4) (volume fraction 1,5 ml/101,5 ml).

A.3.10 Test substances, e.g. free fatty acids, mono-, di- and triglycerides as well as fatty acid methyl
esters and propyl esters.
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