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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 proceglures used to develop this document and those intended for its further maintenange
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

This part of ISO 12966 is one of a suite of four International Standards for the preparation and
determination of fatty acid methyl esters by gas chromatography in animal and vegetable fats and oils.
ISO 12966 (all parts) is applicable to crude, refined, partially hydrogenated or fully hydrogenated fats,
oils and fatty acids derived from animal and vegetable sources.

ISO 12966 (all parts) is not suitable for the analysis of dairy, ruminant fats and oils (including milk and
milk products or fat coming from milk and milk products), or products supplemented with conjugated
linoleic acid (CLA). Furthermore it is not intended to be applied to polymerized and oxidized fats and
oils

Thip part of [SO 12966 is a guideline to the modern gas chromatography of fatty acid methyl egters, while
[SO[12966-2 and ISO 12966-3 cover the preparation of fatty acid methyl esters by diffefent thethods. In
[SO[12966-4, the conditions for the analysis of fatty acid methyl esters by capillary.gas chrompatography
arejgiven.

Thip suite of International Standards replaces the following International Standards:
— [ISO0 5508:1990  isreplaced by ISO 12966-1 and ISO 12966-4
— [ISO 15304:2002 is replaced by ISO 12966-1 and ISO 12966-4
— |ISO 5509:2000  isreplaced by ISO 12966-2 and ISO 12966-3

© IS0 2014 - All rights reserved v
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Animal and vegetable fats and oils — Gas chromatography
of fatty acid methyl esters —

Part 1:
Guidelines on modern gas chromatography of fatty acid
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Scope

5 part of ISO 12966 gives an overview of the gas chromatographic determihation of fatty
bound, in animal and vegetable fats and oils following their conversion te fatty acid me
MEs).

qualitative and quantitative determination of the compositionni of fatty acids by
bmatography (GLC) is a widely used application in lipid analysis.It is used for the characts
and oils, or fatty foodstuffs after the extraction of the oil from the matrix. The bound fa
triacylglycerols (TAGs) and, depending on the esterification method, the free fatty acids
br lipids, are converted to fatty acid methyl esters (FAMES), which are determined by c4
bmatography. Depending on the number of different fatty acids (theoretically more than j
y acids can be present) capillary columns with alength of 10 m to 100 m are used for a sq

GLC of FAMEs is applicable to all natural andsynthetic mixtures of tri-, di- and monoac)
atty acid esters, free fatty acids, soaps and-other fatty compounds. With this suite of

FAMNESs from C4 to C26 can be determined, including saturated fatty acid methyl esters, cis
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the determination of short chaid fatty acids, isopropyl and butyl esters are often used so
rferences with the solvent peak and in order to reduce differences in detector responses

Normative references
following documents, in whole or in part, are normatively referenced in this docume

rences, the latest edition of the referenced document (including any amendments) applig
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t 3 Preparation of methyl esters using trimethylsulfonium hydroxide { I MSH]

ISO 12966-4:—1), Animal and vegetable fats and oils — Determination of methyl esters of fatty acids —
Part 4: Capillary gas chromatographic method

3

Principle

Gas liquid chromatography (GLC) is used for the qualitative and quantitative analysis of FAMEs. The
FAMEs are prepared in accordance with ISO 12966-2 or ISO 12966-3 and the dissolved FAMEs are
then injected into and vaporized within the injector. The separation of FAMEs is achieved on analytical

1

Under preparation. To be published.

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=3c24e01b040093d2077ae1763ce64646

ISO 12966-1:2014(E)

columns of different polarity and lengths. For the detection of the FAMEs, a flame ionization detector

(FID) is used.

In the gas chromatography of FAMEs with FID, hydrogen should be used as the carrier gas (mobile
phase). For MSD (mass selective detector) applications helium shall be used. The separation can be done
in a shorter time with sharper peaks by using hydrogen. The stationary phase is a microscopic layer of
a thin liquid film on an inert solid surface, made of steel, glass or fused silica.

The volatilized compounds being analysed interact, during their passage through the capillary tubing,
with the stationary phase coating the inner surface of the column. Due to this different interaction of
different compounds, they exit the column, or elute, at a different time, which is called the retention time

of the comi)ound ata given set of analysis parameters. The comparison of retention times is used for
on of the different compounds.

identificat

the

CAUTION — When a mass selective detector is used, special care shall be taken in order to achieve

quantitative results due to differences in fragmentation patterns of individual FAMEs. Also | for
mass spedtrometry, derivatives other than the FAMEs discussed in this part efISO 12966 [are
used, as fdr example, picolinyl esters or dimethyl oxazolidines and others.
4 Preparation of FAME
The preparnation of the fatty acid methyl esters shall be carried out in a¢eordance with ISO 12966-2 and
ISO 1296613. An overview is given in Table 1.
Table 1 — Overview on the different estérification methods
Method Principle GC-Injector Note -
Also for medium chajn
Applicable to fats | triglycerides (MCTs) gnd
Rapid transmethylation and oils containing| short chain fatty acids,
method under alkali-cata- fatty acids down to| formation of artefacts
lysed conditions with KOH On-column butanoic (C4:0) insignificant. Interngl
150 12964-2, Split/ Transesterifi- standard for butanoif/
Subclause {.2 FFA are not converted to ! hexanoic acid determiha-
FAME Splitless cation at room tion
\ temperature, no
Danger of soap formation solvent evapora- Short chain FAMEs afe
tion necessary | easily lost during salihe/
solvent partitioning.
General transmethylation/ . )
methylation/under sequential | On-column Appllcablel tofats | short chain FAMEs afe
IS0 12964-2, | alkalinéand acid condition _ and oils easily lost during reflux
Subclause §.3 (NaOCH3) Split/ Not recommended | and saline / solvent parti-
Splitless for lauric oils tioning
FFA are converted to FAME
Boron trifluoride (BF3) trans- 14 ?/0 r_neth?nolic
Tethyation/methyation setrtion-ofBls;
. . On-column shall be bough Applicable to fish oils.
1SO 12966-2 Reagent is very toxic. and not prepared )
S ' | Use only in closed vials and Split d ici Not applicable to com-
ubclause 4.4 plit/ ue to toxicity. ds with d
fume cupboards Splitless pounds with secondary
The solution has oxygen groups.
Formation of artefacts pos- a limited shelf life
sible (ageing)
2 © IS0 2014 - All rights reserved
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Table 1 (continued)
Method Principle GC-Injector Note -
Methz;ln?jlic s;llllph.uric.zcid or Reagent must be
rochloric aci . .
1S0 12966-2 . On-column e o boil.|  Also for samples with
» | Formation of artefacts pos- Split / . aer be higher content of free
Subclause 4.5 sible p ing conditions in .
) Splitless led 1 fatty acids
Evaporation necessary, not for a sealed ampoule
epoxy fatty acids for 3h
Trimethylsulfonium hydrox-
ide (TM5H) Very quick mefhod for C4
Disturbing peaks of bv-prod- ... | TMSH-solutionis | to C26, Esteriffication of
ISP 12966-3 | \cts of th% Il?eaction O}CICI:H. in Ogloynsp(l)lstslinblltzc available asready | free fattyaci¢s is about
chromatogram close to the p for use solution | 80 %, formatipn of small
signals of the short chain armounts of trans-FA.
FAME
5 |Columns
At the time of publication of this part of ISO 12966, for the separationyof FAMEs, wall coated open tubular

(WCOT) capillaries are used as they offer a number of advantages over a packed column. Th
vasfly improved separations with higher resolution, reduced,time of analysis, smaller samp
higher sensitivities. All this is enabled by the possibility ofusing very long columns with a lat
of theoretical plates.

Sanpple capacity increases with the column diametér; smaller diameters giving greater effj
better resolutions. Therefore for complex samplés columns with small diameters and snj
cappcity are used. Common available internal diameters (ID) are 0,1 mm (fast GC columns)
(wifle bore column), film thickness is between' 0,1 um and 0,3 pm. The column diameter sh
typk of sample inlet system: 0,20 mm, 0,25"w1m or 0,32 mm ID column are for split and splitle
systems, 0,32 mm ID for splitless and en=column injections, and 0,53 mm ID for direct injectic
Retpntion and sample capacity increase with increasing film thickness, at the same time {
effl Ciency decreases. Film thickness is inversely related to plate number, but directly proport
b of analysis. This also means:that a greater film thickness gives greater retention, which
er oven temperature inisothermal conditions.

length of the columns is 10 m to 100 m depending on the required resolution and separatig

short columns-limited, but fast, information can be obtained, in process control, et
s of capillary,coldimns with non-polar, polar, and highly polar stationary phases are u
hration of FAMESs. The elution order for columns with different polarity are shown in I§
Annex B-and Annex C).

typ
sep
(sed

Fus
the

d silica columns coated with highly polar stationary phases of cyanoalkyl polysiloxane g
naly51s ofsamples with complex mixtures ofgeometrlcal and posmonal isomers of polyu

is includes
le size and
ge number

ciency and
all sample
0 0,53 mm
all suit the
5Ss injection
n systems.
he column
onal to the
requires a

n problem.
. Different
sed for the
0 12966-4

re used for
hsaturated

al phases is

their hlgh resolutlon capablllty of unsaturated FAME, espec1ally for the separatlon of cis and trans FA

isomers. However, the polarity of this column shows less thermal stability compared to other
phases.

statlonary

Column length is a significant factor for the separation of FAMESs, especially if as mentioned in this clause,
the separation of isomers is required. A longer column will provide a better resolution compared with a
shorter column, nevertheless there are some practical limits for increasing the column length. Doubling
column length (e.g. 30 m to 60 m) will increase the resolution by a factor of V2 = 1,41, which is 40 %
only. At the same time, the time of analysis will increase as well as the head pressure. Shorter columns
are a compromise between speed and resolution. However, the separation of geometrical and positional

isomers of FAMEs requires in some cases a 100 m column. The use of 100 m, 0,20 mm or 0,

25 mm ID,

0,20 pm film thickness columns with a highly polar biscyanopropyl (SP-2560) or a highly substituted
cyanopropyl stationary phase (CP-Sil 88) is recommended, as the separation capacity of these columns

© IS0 2014 - All rights reserved
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is sufficient to separate most C18:1 trans- and cis-isomers. Some 50 m or 60 m long columns may also
achieve this separation mostly for vegetable oils. Other types of columns with different cyanopropyl
polysilpehylene-siloxanes (BPX70, DB-23, HP-23, Rtx-2330, SP-2330, SP-2380, SLB-IL111, etc.) may also
be used, but a change in the elution order is possible. The AOCS method Ce 1h-05 (2009) recommends
a 100 m SP-2560 or CP-Sil 88 capillary columns for the determination of cis-, trans-, and unsaturated
FAMEs in vegetable or non-ruminant animal oils. For the determination of FAMEs in marine and
other oils containing long-chain PUFAs, the AOCS method Ce 1i-07 (2009) recommends a highly polar
Supelcowax 10 capillary column with a polyethylene glycol phase; and AOCS method Ce 1b-89 (2009)
uses a Omegawax for the determination of long-chain omega-3 FAMEs.2)

The statio ich
is made offa special quartz glass, coated with polyimide for stabilization (fused silica). Also, capillary
columns miade of steel, which are more robust, or glass are acceptable.

NOTE 1 he use of packed columns is no longer “state of the art”, but can be used for special applications.

The type of stationary phase is important for the selectivity of the column, resolutien(and separatfion.
The more polar it is, the more unsaturated fatty acids are retained.

Trans fatty|acids have a behaviour between those of saturated and cis unsaturated fatty acids. On jon-
polar colurpns, unsaturated fatty acids elute before the corresponding saturated fatty acid.

NOTE 2  The elution order also depends on the temperature of the column.{The elution pattern for some FAME
is changeable using different oven temperature programs.

If the analysed fats and oils do contain polymerized and/or oxidized fatty acids, these are not all
converted fo FAMEs. Polymerized FAME are not volatile at recommended analysis conditions and will
decomposg in the injector. This can lead to unexpected losses@f FAME during the following analyses.

6 GLC af FAMEs

For the qualitative and quantitative determination of FAMEs ISO 12966-4 shall be applied. Depending
on the required resolution and separation,:iSothermal or temperature programmed techniques| for
columns wijith different polarity and length(are used.

7 Evaluation of the chromatograms

7.1 Peak area and area per cent

Common, non-lauric, fat$.and oils are composed mainly of fatty acids with a chain length from 16 to
22 carbon jatoms. In this case, the use of response or correction factors may not be necessary as|the
theoretical FID signalifrom these FAMEs is close to the peak area of the FAME. However, the instrumeptal
method shpuld always be checked against certified and appropriate reference standards to deternjine
the actual/finstrimental response factors. If these response factors differ significantly from 1 or higher-
precision results are required, the instrumental response factors should be applied.

For coconut, palm kernel, other lauric oils and fish oils instrumental response factors shall always be
applied; otherwise, serious errors will result.

Theoretical FID correction factors are given in Annex A of ISO 12966-4:—.

7.2 Evaluation by means of an internal standard or correction factors

In certain analyses, for instance if not all of the FAMEs are quantified, the use of an internal standard
is recommended. But also for fats and oils with short chain fatty acids, and unusual fatty acids, all

2) Supelcowax 10 and Omegawax are trade names of products from different suppliers. 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.

4 © ISO 2014 - All rights reserved
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components should be calibrated by means of an internal standard and correction factors, with reference
e.g. to palmitic, stearic or heneicosanoic fatty acid methyl esters or triacylglycerols composed of these
standard fatty acids.

In some cases, the use of a pure triacylglycerol as an internal standard is recommended. This internal
standard is added prior to the preparation of the FAMEs.

8 Testreport

The test report for FAME analysis shall specify the following:

a) [the test method used, together with reference to this part of ISO 12966, i.e. ISO 1296651
b) [all information necessary for the complete identification of the sample;

c) |the sampling method used, if known;

d) |all operating details not specified in this part of ISO 12966, or regarded‘ds optional;

e) |details of any incidents which might have influenced the test result(s);

f) |the testresult(s) obtained; or if the repeatability has been checked, the final quoted result obtained.

© IS0 2014 - All rights reserved 5
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