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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 1SO
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 1SO, also take part in the work. 1ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 12966-2 was prepared by Technical Committee ISO/TC 34, Food products, Subcommittee SC 11, Animal
and vegetable fats and oils.

This first edition of 1ISO 12966-2 cancels and replaces ISO 5509:2000, of which it constitutes a technical
revision.

ISO 12966 consists of the following parts, under the general title Animal and vegetable fats and oils — Gas
chromatography of fatty acid methyl esters:

— Part 2: Preparation of methyl esters of fatty acids
— Part 3: Preparation of methyl esters using trimethylsulfonium hydroxide (TMSH)
The following part is under preparation:

— Part 4: Determination of cis-, trans-, saturated, mono- and polyunsaturated fatty acids in vegetable or
non-ruminant oils and fats

The following part is planned:

— Part 1: Guidelines on gas chromatography
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Introduction

General

Oils and fats (i.e. liquid and solid lipids) are predominantly composed of fatty acid esters of glycerol
(triacylglycerols, TAGSs), with smaller amounts of fatty acid esters of sterols and long chain aliphatic alcohols.
Due to the high molecular mass of the TAGs and their consequent low volatility, they are difficult to analyse
directly by gas chromatography (GC), especially if a detailed analysis of unsaturated 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, usually the fatty acid methyl esters
(FAMES), prior to GC.

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

The formation of FAMEs is a critical stage in the analysis of fatty acids. Non-quantitative conversion of fatty
acids to FAMEs, maodification of the structure of fatty acids (e.g. changes in positional and geometric isomers
present) and formation of non-FAME artefacts may all affect the quantitative determination of fatty acid
composition.

Transesterification is one mechanism which can be employed to form FAMEs from fatty acid esters in fats (i.e.
triacylglycerol). Alkali- or acid-catalysed transesterification procedures can be used to form FAMEs in a
methanolic medium; the procedure can be termed transmethylation. Transmethylation is a reversible process
and a large excess of methanol is required to maintain an equilibrium position which favours formation of the
FAMEs. Water can prevent the reaction going to completion, and its presence should therefore be minimized.
Alkali-catalysed procedures do not produce FAMESs from free fatty acids, due to the formation of soaps.

Esterification is an acid-catalysed mechanism which can be employed to form FAMEs from fatty acids. It is
possible that the fatty acids are naturally present in the sample of fat under examination. Formation of FAMEs
by this mechanism is commonly termed methylation. Again, an excess of methanol and the absence of water
are preconditions for the quantitative formation of FAMEs.

This part of ISO 12966 provides guidelines for the preparation of fatty acid methyl esters. In support of these
guidelines, various procedures to prepare fatty acid methyl esters are specified. These include:

a) ‘“rapid’ transmethylation 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

This method is applicable to the routine analysis of edible fats and oils containing fatty acids down to butanoic
acid (C4:0) and/or for the determination of butanoic acid or hexanoic acid (C6:0) by GC using an internal
standard.

Alkaline catalysts transesterify neutral lipids in the presence of anhydrous methanol (transmethylation) 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 reagents are potassium and sodium hydroxide and
sodium methoxide in the presence of anhydrous methanol.
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“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 method is recommended.

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 the toxicity of BF5 it is recommended that this method only be used in extremis.

The BF5; method 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 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.

If the fatty matter contains such substances in only very small amounts (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 from the reaction mixture is obtained by using isooctane
(2,2,4-trimethylpentane). However, only about 75 % of the methyl caproate present is recovered.

Boron trifluoride is a strong Lewis acid, and in the form of its coordination complex with methanol, under reflux
conditions, it can rapidly methylate fatty acids. Methanolic boron trifluoride does transmethylate fatty acid
esters (e.g. triglyceride), but the rate of reaction is slower than the methylation of fatty acids. Methanolic boron
trifluoride solution is commercially available, which enhances the attractiveness of this acid catalyst, but there
are potential disadvantages associated with the use of this reagent.

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

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

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

d) Methanolic boron trifluoride is an acidic reagent and therefore may produce derivatives of fatty acids
containing labile groups which may give rise to spurious peaks on FAME chromatograms.
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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 agueous 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.

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 part of ISO 12966 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.
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