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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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Animal and vegetable fats and oils — Gas chromatography
of fatty acid methyl esters —

Part 4:
Determination by capillary gas chromatography

1
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Scope
s partofISO 12966 specifiesamethod forthe determination offattyacid methyl gsters (FAM

). Fatty acid methyl esters from C8 to C24 can be separated using this part of ISO 1296

satyrated fatty acid methyl esters, cis- and trans-monounsaturated fatty acid methyl esters,
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s-polyunsaturated fatty acid methyl esters.

method is applicable to crude, refined, partially hydrogenated,-or fully hydrogenated fa
y acids derived from animal and vegetable sources.

5 method is not suitable for the analysis of dairy, ruminantfats and oils, or products suy
h conjugated linoleic acid (CLA). Milk and milk products.(or fat coming from milk and mill
excluded from the scope of this part of ISO 12966.

5 part of ISO 12966 is not applicable to di-, tri-, polymerized and oxidized fatty acids, and {3

Normative references

following documents, in whole or(in part, are normatively referenced in this documsg

661, Animal and vegetablé. fats and oils — Preparation of test sample
3696, Water for analytical laboratory use — Specification and test methods
6353, Reagents forychemical analysis

12966-2, Animal and vegetable fats and oils — Gas chromatography of fatty acid methyl este
pbarationofimethyl esters of fatty acids

12966-3, Animal and vegetable fats and oils — Gas chromatography of fatty acid meth)

Par

Es) derived

ransesterification or esterification from fats, oils, and fatty acids by capilldry-gas chronmpatography

b including
nd cis- and

s, oils, and

plemented
x products)

ts and oils.

nt and are

spensable for its application. For~dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

n

s — Part 2:

bl esters —

E 3:-Preparation of methyl esters using trimethylsulfonium hydroxide (TMSH)

3

Principle

Using capillary gas chromatography, FAMEs are separated on a highly polar stationary phase with
respect to their chain length, degree of (un)saturation, and geometry and position of the double bonds.

4

Reagents and materials

Unless otherwise stated, use only reagents as specified in ISO 6353-2 and ISO 6353-3 (if listed there). If
not, then use reagents of recognized analytical grade and water of atleast grade 3, as defined in ISO 3696.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=9c1915efab9d74b6978e780a7049a47f

ISO 12966-4:2015(E)

WARNING — Attention is drawn to the regulations which specify the handling of dangerous
matter. Technical, organizational, and personal safety measures shall be followed.

4.1 Reference fatty acid methyl esters (FAMEs)

4.1.1 Reference mixtures of pure FAMEs and/or oils with known fatty acid composition should be used
for the identification of fatty acids analysed under the test conditions of this method.

4.1.2 Fats and oils with certified fatty acid composition, e.g. certified reference material BCR 162.

4.1.3 Rellerence fatty acid methyl esters (FAMEs) - Methyl esters of pure fatty acids, in particular,cis?fand
trans-isomgrs of octadecenoic (oleic), trans-isomers of octadecadienoic (linoleic), and octadegatrienoic
(a-linolenif) acids. Wide ranges of cis- and trans-octadecenoic methyl ester isomers are available on|the
market. Trfins-geometrical isomers of linoleic and a-linolenic acids can be prepared in;the laboratory
with the aifl of p-toluenesulfonic acid. In addition to pure compounds, convenient mixtures of FAMEg are
also commerecially available.

4.2 Internal standards

For the quantification of the fatty acids, in grams per 100 g, the use of a FAME as an internal standard
(IS) is necdssary. An external calibration with mixtures of different fatty acids is also possible.

NOTE IIf it is necessary to check the recovery and the effectiveness.ef the derivatization method, then eifher
or both a TAG and a FAME internal standard should be used. While the TAG-IS is added to the sample prior td the
FAME prepdration, the FAME-IS is added before or after the FAME preparation. The FAME-IS is used to calcylate
the recovery of the FAME from the TAG-IS and therefore, the efficiency of the derivatisation procedure. In|this
case, a diffefent chain length of the standards is required.

Depending|on the type of fat, different internal standards can be used (C11:0 FAME, C17:0 FAME, C19:0
FAME, C21;0 FAME, C23:0 FAME, etc.). An external-calibration with mixtures of different fatty acids is
also possille. It is recommended to carry out further analysis of the sample without the addition of|the
internal sthndard to check the natural content of the fatty acid which is used as the internal standprd.
The conterlt shall be considered in the calcutation.

IMPORTANT — If the TAG-IS (4.2.2)\is hard to dissolve in the cold, a hot methylation procedure,
as specified in ISO 12966-2:2011, 4.3, 4.4, and 4.5, shall be used.

The internpl standard solutiohrs are stable if precautions are taken to eliminate the loss of solvent pnd
therefore, f change in the €oncentration of the IS. For example, store the solution in a refrigeratgr in
a well-sealped amber bottle’when not in use. Pure standards are available on the market. Purity of{the
IS shall bg confirmed,by thin-layer chromatography, high-performance liquid chromatography,|gas
chromatography analysis, or by any other appropriate technique.

The follow|ngareexamples of suitable standards (as FAME and TAG):

4.2.1 Fatty acid methyl ester (FAME) as internal standard (IS) solution:

C21:0 FAME - heneicosanoic acid methyl ester (purity >99 %), mass concentration 5,0 mg/ml in iso-
octane or MTBE should be used as the internal standard.

4.2.2 Triacylglycerol (TAG) internal standard (IS) solution:

C21:0 TAG - triheneicosanoin (purity >99 %), mass concentration 5,0 mg/ml in chloroform. The
TAG internal standard solution is stable if precautions are taken to eliminate the loss of solvent and
therefore, a change in the concentration of the IS. For example, store the solution in a refrigerator in a
well-sealed amber bottle when not in use. Pure triheneicosanoin is available on the market. Purity of
the IS shall be confirmed by thin-layer chromatography, high-performance liquid chromatography, gas
chromatography analysis, or by any other appropriate technique.

2 © IS0 2015 - All rights reserved
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Toluene can be used in place of chloroform with the following considerations. Triheneicosanoin is not as
soluble in toluene as it is in chloroform. A solution with a mass concentration of 2 mg/ml can be prepared
in toluene. Itis necessary to warm the solution slightly to get it dissolved, but once in solution, it will stay
dissolved if kept at room temperature. If the solution is stored in a refrigerator, it will crystallize out,
but can be dissolved again by slight warming of the solution. Care has to be taken so none of the toluene
is evaporated during this warming procedure. Also, care has to be taken to prevent the loss of toluene
during storage. Solvents other than iso-octane (i.e. chloroform or toluene) have to be removed after the
addition of the TAG-IS as these solvents are not used in the derivatization according to ISO 12966-2.

4.3 Iso-octane (2,2,4-trimethyl pentane).

4.4 Methyl tert-Butyl ether (MTBE) (2-Methoxy-2-methylpropane).

4.5| Chloroform.

SAHETY PRECAUTIONS — Chloroform is classed as a carcinogenic solvent(€Category 3).
4.6 n-Hexane.

4.7| n-Heptane.

SAFETY PRECAUTIONS — Prolonged exposure through.inhalation and swallowing cquld cause
serjous damage to health despite limited evidence on the carcinogenic effect (Categorfy 3).

4.8| Toluene.

5 [Apparatus

Usulal laboratory equipment and, in particular, the following.

5.1 Gas chromatograph, equippéd/with flame ionization detector, split or splitless injectqr, and data
acqpisition system.

NOTE The use of on-column-and programmable temperature vaporizer (PTV) injectors are also[possible.

5.2 Capillary columm;,fused silica capillary 100 m and 0,25 mm i.d. coated with SP-2560 or|CP-Sil 881),
100 % cyanopropyl$iticone stationary phase to a thickness of 0,20 pm. Commercially prepare¢d columns
are pvailable from different suppliers.

NOTE Thevuse of 100 m, 0,25 mm ID, 0,20 um film thickness columns with SP-2560 or CP-Sil 88 as the
statjonary phase are recommended as the separation capacity of these columns is sufficient to separate most
C18|1 trans=and cis-isomers. If this separation is not required, a 50 m or 60 m column can also be usg¢d. However,

somle(50 'm or 60 m long columns might also achieve this separation mostly for vegetable oils. Other types of
COl v (PDY70 NP 22 D 22 Dy 2220 CD 2220 CD 220N A+ avn alen o caibhla ot o chafy 100 4+ ution Order
HIS-{BPX 70, DB-23-HR-23, Rix-2330-SP-2330,-SP2380ete)are-alsopossible buta-shiftinthe-e

is possible. For fast GC analysis, short columns are also possible (10 m to 15 m), but with limited information
which in certain cases, will not be a problem.

5.3 Micro syringe, for gas chromatography, 10 pl delivery with a hardened needle.

5.4 Carrier gas, hydrogen (recommended) or helium, 99,999 5 % pure or better, gas chromatography
quality, dried, oxygen removed by suitable filters (<0,1 mg/kg), free from organic impurities.

NOTE Nitrogen gas is not acceptable as a carrier gas for this method.

1) Examples of suitable products available commercially. This information is given for the convenience of users of
this document and does not constitute an endorsement by ISO of these products. Equivalent products may be used
if they can be shown to lead to the same results.

© IS0 2015 - All rights reserved 3
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WARNING — Hydrogen, which is used with capillary columns, can double the speed of the
analysis (in comparison with helium), but is hazardous. Hydrogen generators and safety devices
are available and it is essential that a suitable device be incorporated into the apparatus.

5.5 Flam

e gases, hydrogen and air, gas chromatography quality, free from organic impurities.

5.6 Make-up gas, nitrogen or helium, gas chromatography quality, free from organic impurities.

6 Samp

ling

A represe
transport

Sampling i
is given in

7 Preps

Prepare th

8 Prep:s

The fatty acid methyl esters shall be prepared in accordance with’ISO 12966-2 or ISO 12966-3.

NOTE !
after the oil
in the IS, it s

Dissolve th

approximately 15 mg/ml to 20 mg/ml for splitinjection. For on-column injection, the mass concentra

should be 2

9 Proce

WARNING

9.1 Gen

The first s
be detecte

9.2 GC¢

I

aration of test sample

e test sample in accordance with ISO 661.

aration of methyl esters from fats, oils, and fatty-acids

ative sample should be sent to the laboratory. It should not be damaged or changed.du
storage.

not part of the method specified in this part of ISO 12966. A recommended sampling met
SO 5555.

rior to methylation, the internal standard solution,sifrequired, is added to the reaction flask so

hall be evaporated from the flask prior to the mebhylation procedure.

dapted.
dure
— Due to the toxic character of some solvents, a ventilated hood shall be used.

bral

hmple in an-analysis batch shall always be a blank FAME dissolution solvent. No peaks s
] in thisblank run.

onditions

[ing

hod

that

or fat is added, the mass fraction is between 0,05 and 0,10 mg IS/mg oil or fat. Since a solvent is yised

e prepared FAMEs in n-heptane, n-hexane, or iso-octane. The mass concentration should be

fion

hall

Adapt the temperatures and GC conditions considering the type of fat, oil, or fatty acid analysed and the
apparatus used. The following conditions have been proven to be suitable for the separation of FAMEs

(C4 to C24)

Injector temperature

Detector temperature:

Oven temp

Carrier gas hydrogen:

on 100 m columns. However, other conditions are also possible and can be used.
250 °C
250 °C
erature: 120 °C to 240 °C with 4 °C/min, hold for further 7 min at 240 °C

column head pressure, 220 kPa

linear velocity; (30 to 40) cm/s, flow rate approx. 1,0 ml/min

© ISO 2015 - All rights reserved
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split ratio, 1:100

Injection volume: 1 pul (equivalent to 15 pg to 20 pg FAME)

Examples of chromatograms and alternative conditions are shown in Annex B and Annex C:

NOTE
reference standards.

9.3 Performance check

For the analysis of animal fats, the complete elution of all FAMEs can be checked with certified

Coliimn performance is checked using a suitable mixture of fatty acid methyl esters coverin
of fatty acids under investigation. Since commercial GC designs are different and the sepatatid
is npt identical to the example chromatograms, small changes in the sample size, sample con
or ¢ven temperature may be required. If so, adjust the sample size, sample coneentratic
temperature until the best separation results are obtained. If the column oven temperature
adjysted, it should be adjusted by small increments, preferably in steps of 1 2C.

NOTE On all cyanopropylsilicone capillary columns, the column temperature has a major effect o
pattern of 13t- and 14t-C18:1, 16t-C18:1, 14¢-C18:1, 9¢,12¢,15t-C18:3, 11¢-C20:4 ahd 9¢,12¢,15¢-C18:3

10|Calculations

10./1 Qualitative analysis and peak identification

The
sta

individual FAMEs are identified by their retentien/times and in comparison with FAMI
dards and reference hydrogenated oil samples.

When unknown peaks are observed, they shouldbe identified using appropriate procedures
MS,|FTIR, silver-ion chromatography, and classical chemical methods. Peaks of unknown iden
notjbe included in the summation of peakiareas when calculating the fatty acid composition,
have been confirmed to be fatty acids:Itis also possible to summarize unknown peaks as su

NOTE There is minor co-elutign®of cis- and trans-fatty acid isomers, particularly in the C18:1
acid]) region using this techniquesPuring (high temperature) refining (deacidification and deodori?
geometrical isomers are formed.of the mono- and poly-unsaturated fatty acids, i.e. the double bond

att

10.2 Quantitativecanalysis

10.2.1 Calculation of the composition of fatty acid methyl esters

Cal
are

ulate the area fraction, x;, of the individual fatty acid methyl esters, expressed as a per
h ofimethyl esters, as given by Formula (1):

b the range
n obtained
centration,
n, or oven
needs to be

) the elution

E reference

such as GC-
tity should
Inless they
ch.

(cis-9-oleic
ation), only
5) remain(s)

e same natural position. During hydrogenation, both positional and geometrical isomers are formed.

centage by

4

X 7
iZA

where

x100

(D

Aj is the area of the individual fatty acid methyl ester i;

XA is the sum of areas under all peaks of all individual fatty acid methyl ester.

For most fats and oils, the area fraction of the fatty acid methyl esters is equal to the area fraction of
triacylglycerols in grams per 100 g (for certain cases, see 10.2.2).

According to the method AOCS Ce 1h-05, the factors for the conversion of FAMEs to TAG equivalents are
between 0,9114 (C8:0) and 0,9965 (C24:1) and are therefore negligible. If the chromatographic system

© IS0 2015 - All rights reserved 5
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obeys these factors, it can be assumed that the ratio of the peak areas of the FAMEs is identical to the
ratio of the mass fractions.

The results are expressed in grams per 100 g with one decimal place for values.

10.2.2 Calculation of the composition of fatty acid methyl esters using correction factors

In certain cases, for example, when fatty acids with fewer than 16 carbon atoms are present (lauric
fats and oils with C10, C12, and C14), the areas should be corrected with specific correction factors (F).
These factors should be determined for each single instrument. For this purpose, suitable reference
materials with certified fattv acid compasition in the rnrrpcprmding range should be nsed

According [to the requirements of the clients, the correction factor might not be used. However,|the
utilization [(or not) of the correction factor shall be specified on the analysis report.

These corifection factors are not identical with theoretical FID correction factors, whicl' are givep in
Annex A, a$ they also include the performance of the injection system, etc. However, inthe case of bigger
differenceq, the whole system shall be checked for performance.

For the refgrence mixture, the mass fraction w;, in grams per 100 g of FAME, i-is.given by Formula (R):

m;
W; = hk—x100 (2)
Mm
d
where
mi is the mass of the FAME, i, in the reference mixture;
Xm is the total of the masses of the various components, as FAMEs of the reference mixture.

From the ciromatogram of the reference mixture, calculate the percentage by area for the FAME, ;, as follgws:

A
X;= i'zx 100 3)
where
Aj is the area of the FAME, i, in"theé reference mixture;
2A is the sum of all areas®©f;all FAMEs of the reference mixture.

The correcftion factor, Fj,4s'then:

__mixZA
Fi= A; me )

For the sample, the mass fraction, w;, in grams per 100 g of each FAME, j, is as given by Formula (5):

F:xA;
w;=—1""L (5)
Z(F;xA4;)
NOTE The calculated value corresponds to the percentage of mass of the individual fatty acid calculated as

triacylglycerol per 100 g fat.

10.2.3 Calculation of the composition of fatty acid methyl esters using an internal standard

In certain analyses (for example, where not all of the fatty acids are quantified, such as when acids with
four and six carbons are present, alongside acids with 16 and 18 carbons, or when it is necessary to
determine the absolute amount of a fatty acid in a sample), it is necessary to use an internal standard.

6 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=9c1915efab9d74b6978e780a7049a47f

ISO 12966-4:2015(E)

Fatty acids with 15, 17, 19, or 21 carbons are frequently used. The correction factor (if any) for the
internal standard should be determined.

The massfractioningrams per 100 g, of the fattyacid, i, expressed as methyl ester, is then given by Formula (6):

(6)

_mgg x F; x A;
mxFgxAg

where
Aj is the area the FAME, i;
Ars is the area of the internal standard;
Fi is the correction factor of the fatty acid, i, expressed as FAME;
Fis is the correction factor of the internal standard;
m is the mass of the test portion, in milligrams;
mis is the mass of the internal standard, in milligrams, corrected By its purity (usually 0
The results are expressed with one decimal place.
11(Precision
11.1 Results of interlaboratory test

Det
der
oth

11.

Thd
oni
ash

11

Thd
test
mot

B Reproducibility

hils of an interlaboratory test on the precision,of the method are summarized in Annex D.
ved from this interlaboratory test might-not be applicable to concentration ranges an
er than those given.

2 Repeatability
absolute difference between two independent single test results obtained using the sa

ort interval of time, will,-in not more than 5 % of cases, be greater than r given in Tables

absolute difference between two single test results, obtained using the same method ¢
material-in different laboratories, with different operators, using different equipment,
e than:5:% of cases, be greater than R given in Tables D.1 to D.3.

09).

The values
d matrices

me method

dentical test material in the same laboratory, by the same operator, using the same equipment within

D.1 to D.3.

n identical
will, in not

12

Test report

The test report shall specify:

a)
b)

‘)
d)

e)

©IS

all information necessary for the complete identification of the sample;

the sampling method used, if known, with reference to this part of ISO 12966, i.e ISO 12966-4;

the test method used with reference to this part of ISO 12966;

all operating details not specified in this part of ISO 12966, or regarded as optional, together with

details of any incidents which might have influenced the result;

the test result(s) obtained;

02015 - All rights reserved
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f) indication of the utilization (or not) of correction factors for the calculation of the results.

8 © IS0 2015 - All rights reserved
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Annex A
(informative)

Theoretical flame ionization detector correction factor (TCF) for
fatty acid methyl esters (FAMESs)

Table A.1

FAME TCF FAME TCF FAME TCF FAME TCF
C4:0 1,574 2 C14:1 1,058 7 C18:2 1,008 7 C22:1 0,988 1
C5:0 1,432 4 C15:0 1,054 0 C18:3 1,001 7 C22:2 0,982 5
C6:0 1,337 8 C15:1 1,045 7 C18:4 0,994 9 C22:3 0,976 9
C7:0 1,270 2 C16:0 1,042 2 C19:0 1,014.2 C22:4 09713
C8:0 1,2195 C16:1 1,0345 C20:0 1,006 7 C22:5 0,965 5
C9:0 1,180 2 C16:2 1,026 7 C20:1 1,0005 C22:6 0,959 9
C10:0 1,148 6 C16:3 1,0189 C20:2 0,994 3 C23:0 0,988 2
C11:0 1,122 8 Cl6:4 1,0111 C20:3 0,988 0 C24:0 0,983 0
C12:0 1,101 3 C17:0 1,031 8 C20:4 0,9819 C24:1 0,977 9
C12:1 1,091 0 C17:1 1,024 4 C20:5 0,966 5

C13:0 1,083 1 C18:0 1,022 56 C21:0 1,000 0

C14:0 1,067 5 C18:1 1,0155 C22:0 0,993 9

NOTE Atomic weights used: carbon 12,011; hyidrogen, 1,007 9; and oxygen, 15,994. Factors are relative to 21:0 which has
a faftor of 1,000 0 by definition. Only one factor'is given for all positional and geometric isomers and for brgnched-chain
FAME as the factors are dependent only on(the content of carbon to which hydrogen is bonded.

Table according to AOCS method Ce 1h:05:

© IS0 2015 - All rights reserved 9
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Examples of chromatograms
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Figure B.2 — Chromatogram of FAMEs of rapeseed oil

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=9c1915efab9d74b6978e780a7049a47f

100,000

ISO 12966-4:2015(E)

nnnnnn

nnnnnn

nnnnnn

nnnnnn

nnnnnn

nnnnnn

nnnnn

Ci60
CiInfie

Thd

nnnnnn

nnnnnn

nnnnnn

C1a0

Caz6n)

Colfimn:

Ovd

Inje
Det
Car

Injé

n temperature:

ctor:
ector (FID):
fier gas:

ction volume:
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chromatographic conditions are as follows:

SP-2560, 100 m x 0,25 mm I.D., 0,20\pm (Supelco 24056);

15,000 = - = 3
7 3 B 3 ]
0o 8 . g
2 . B 2
5,000 2 2 = e = & £ & =
o J L W1 PP | M T3 s ) 1
FTIinT
10 B ES a0 == = v es 7]
PN

110 °C for 7 min, then 3 °C/minto 190 °C, hold 2 min, 0,5 °C/min to 205 °C, 5 °C/

min to 230 °C, hold 5 min, 5:°C/min to 240 °C, hold 5 min;
260 °C, split 1:50;

260 °C;

Helium, 360 kPa;

1l
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Comparison of FAME composition with two different GC columns

Table C.1
Fatty|acid Blend of - Refined . Crude _ Marg E@};Q
methyl|lesters vegetable oils rapeseed oil groundnut oil Fa)
Composiftion (%) BPX 70 Cl;SéIL BPX 70 Cl;SélL BPX 70 Cl;%“‘ BF‘%P‘ g Cl;% L
810 001 0,1
1040 _ 1 o2 0,1
1001 &~
120 (3\\ 2,7 2,5
121 R4
130 Ko
1440 0,1 0,0 0,1 0,0 k\\}\),o 0,0 1,2 1,2
1441 e
15:0 0,0 0,0 0,0 QQ\’\ 0,0 0,0
16:0 4,7 4,6 4,7 “\\@6 10,8 10,8 11,7 11,8
16:1 0,2 0,2 0,3 \C h 0,3 0,1 0,1 0,1 0,2
170 0,1 0,0 Q—* ) 0,0 0,1 0,1 0,1 0,1
171 0,1 0,0 C)\}l 0,1 0,0 0,0 0,0 0,0
18:0 29 2,8‘\§ 16 1,6 3,8 3,7 31 3,1
18:1 grans 1,4 A N 0,0 0,0 0,0 0,4 0,4
18:1 cis 59,1 r'\%é,l 61,4 61,8 56,8 571 479 48,p
18:2 {rans 055 06 0,1 0,1 0,1 0,1 0,1 0,1
18:2 cif (n-6) A{I*,P 209 19,2 19,2 20,9 20,8 27,4 27,4
18:3 cif (n-6) bﬂ(‘v
183 frans )" 2,0 2,0 0,5 0,5 01
18:3 cip (n,(?»?) 4,8 4,7 9,0 8,9 0,1 0,1 2,8 2,8
2000 0,6 0,6 0,6 0,6 1,6 1,6 0,4 0,4
18:2 conj.
20:1 1,2 1,2 1,2 1,2 1,1 1,1 0,6 0,6
22:0 0,6 0,6 0,3 0,4 29 2,8 0,5 0,5
22:1 0,3 0,3 0,3 0,3 0,1 0,1 0,1 0,1
24:0 0,3 0,3 0,1 0,1 1,4 1,3 0,2 0,2
24:1 0,1 0,1 0,1 0,1 0,1
unidentified 0,3 0,4 0,3 0,3 0,1 0,2 0,2 0,2
Sum of TFA 39 4,0 0,6 0,5 0,1 0,2 0,7 0,5
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Analytical conditions:
Sample preparation in accordance with ISO 12966-2, C21-FAME as internal standard:

BPX 70 (50 m, 0,22 mm to 0,25 pum): 170 °C, hold 23 min, 5 °C/min, 230 °C, hold 4 min, 0,5 ml/min Hp,
split ratio is 1:100 (see Figure C.1);

CP-Sil 88 (100 m, 0,25 mm to 0,2 um): 180 °C, hold 90 min, Hy at 170 kPa, split ratio is 1:100 (see Fig-

ure C.2).
___ TRACE GEC-Channel 1
réf A
Name
400 Retention Time C18:1n-9 a0
c21:0(15)

300 00
E 3
00 00

C16:0
1 t-C183'n-3 r
- : C20:1 -
Lda +C18:3n-3)) C20:0 Czi:?:zzn A
L - o
4 L & 10 12 14 16 18 mn " 31 4 il i) 30 ol 34 36 38
finutes
Figure C.1. <~ Chromatogram on 50 m BPX 70
O IRt A, (20122012 032012-03-200164-4-120320402.0)
PA
Cl60) C210(18
0 C18:1n-9 -C18:2 1s)
504
181n-7
c-C18:3n3
- Cig0
304
01l
+1-C18;
20\
e 1018 |
C20:0 w21} -
coraftC8l togn ﬂ f J tazl 40 il
ol | C17:0 i \ N -
1‘0 ZE SE 4:3 5‘0 mi

Figure C.2 — Chromatogram on 100 m CP-Sil 88
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Results of an interlaboratory trial

An interlaboratory test on the precision of the method was organized in 2005 by AOCS in which 13

laboratoriL c narticinatad T]ﬂ‘n valuac darvivad fram thic intarlhoratorey tact maight not ho ahv\];r"\]r\] to

T PO CICI POt t T IIC vV T e e T TV OO T O Ity I ce T oo oT T toT y - tO O T I g ITc 1o T o C o p pPrrco o]

concentratiion ranges and matrices other than those given.

The followjing fats and oils were used for the collaborative trial: canola oil, cocoa butter, ¢aconut oil,
hydrogenated lard, lard, margarine oil, sunflower oil, vegetable shortening.

The follow|ng abbreviated terms are used in Table D.1 to Table D.3:

Sy is the repeatability standard deviation;

Cvr is the relative repeatability, as a percentage (%);
r is fhe repeatability;

SR is the reproducibility standard deviation;

Cvr is the relative reproducibility standard deviation, as a percentage (%);

R is the reproducibility.

Table D.1 — Summary of precision data for trans-fatty acids

Mean
Sam]rle (%) Sr Cyr r SR Cvr R

Hydr;’fr"k'ated 1,00 0,10 10,1 0,28 0,22 21,6 0,61
Margarib‘le oil 11,62 016 1,4 0,45 0,25 2,2 0,71
Canol4 oil 26,55 0,64 2,4 1,78 0,65 2,5 1,82
Lar{l 0,90 0,07 7,4 0,19 0,20 21,7 0,59
Sunflower oil 047 0,03 159 0,07 0,10 60,3 0,29
Cocontft oil 0;10 0,04 35,4 0,10 0,04 35,9 0,10
Canolg oil 26,27 0,51 1,9 1,43 0,78 3,0 2,19
Vegetgble 45,01 0,66 15 1,84 2,05 4,6 5,74

shorteping
Cocoa butter 0,06 0,03 53,7 0,09 0,04 69,7 0,12
Coconut oil 0,11 0,01 12,3 0,04 0,02 14,8 0,05

14 © IS0 2015 - All rights reserved
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Table D.2 — Precision data from the collaborative study calculated as triacylglycerol content
and organized according to the kind of fatty acids (SAFA, MUFA, and PUFA)

Parameter M;:/:n Sr Cyr r SR Cyr R

SAFASs

06:0 0,53 0,09 17,2 0,26 0,17 31,7 0,47
08:0 7,50 0,44 5,8 1,22 0,63 8,4 1,76
C10:0 5,72 0,29 5,1 0,81 0,51 8,9 1,42
C10:0 0,00 0,00 75 0,01 0,01 8 || 003
C12:0 45,50 1,12 2,4 3,12 4,44 98 | 1244
C12:0 0,08 0,00 5,3 0,01 0,01 g2 || o002
C12:0 0,04 0,00 6,2 0,00 0,01 (18,8 0,02
C13:0 0,02 0,00 9,9 0,00 002 A 1157 0,05
C14:0 17,76 0,30 17 0,85 091, M 51 2,54
C14:0 1,40 0,02 1,3 0,05 op7’ 5,1 0,20
C14:0 0,07 0,00 5,2 0,01 50,01 8,3 0,02
C15:0 0,07 0,00 47 001 - 001 13,6 0,03
C15:0 0,02 0,00 9,5 0,002 7| 001 60,7 0,03
C16:0 24,58 0,56 2,3 4,57 1,32 5,4 3,70
£16:0 9,95 0,20 20 | ~2056 0,45 4,5 1,25
£16:0 3,25 0,06 18 A" 016 0,14 4,2 0,38
C17:0 0,38 0,01 329 | 003 0,03 79 0,08
C17:0 0,23 0,01 21 0,01 0,01 4,5 0,03
C17:0 0,11 001 |5 40 0,01 0,01 6,8 0,02
C17:0 0,04 001 O 149 0,02 0,01 18,1 0,02
£18:0 34,20 070 - 2,1 1,97 1,56 46 4,38
£18:0 1415 | (024 17 0,66 0,56 41 1,61
£18:0 6,05 (1, 014 2,4 0,40 0,28 45 0,79
£18:0 3620 006 17 0,17 0,09 2,4 0,25
£20:0 K 0,02 2,1 0,07 0,03 2,9 0,09
£20:0 | 0,31 0,01 2,2 0,02 0,02 5,6 0,05
£20:0 J.) 0,10 0,01 51 0,02 0,01 10,7 0,03
C22:07~ | 0,87 0,02 1,9 0,05 0,02 2,6 0,06
£22:0 0,34 0,01 3,4 0,03 0,02 5,5 0,05
€22:0 0,20 0,01 41 0,02 0,01 6,1 0,03
€22:0 0,02 0,02 71,5 0,05 0,03 136,5 0,08
MUFAS

C16:1c 2,19 0,11 5,5 0,32 0,19 8,7 0,53
C16:1c 0,28 0,01 4,3 0,03 0,03 9,0 0,07
C16:1c 0,09 0,01 6,9 0,02 0,01 11,4 0,03
C16:1c 0,02 0,00 159 0,01 0,02 74,0 0,05

Average mean, average range, and average Cyr were calculated, then sorted by mean value to determine if the accuracy was
dependent on the concentration or related to the individual FA. Special attention was focused on the identification of the
trans FAs. Similar mean values were grouped to compare the average Cy g values.

© ISO 2015 - All rights reserved

15


https://standardsiso.com/api/?name=9c1915efab9d74b6978e780a7049a47f

ISO 12966-4:2015(E)

Table D.2 (continued)

Parameter M((f/zl n Sr Cyr r SR Cyr R
C16:1t 0,16 0,01 71 0,03 0,17 1079 0,47
C16:1t 0,03 0,02 53,4 0,05 0,03 106,0 0,09
C17:1c 0,26 0,01 5,3 0,04 0,02 8,0 0,06
C17:1c 0,05 0,00 6,3 0,01 0,01 17,8 0,03
C17:1c 0,02 0,00 12,4 0,01 0,02 77,9 0,05
C18:1c 84,32 116 1,4 3,23 4,18 5,0 1179
C18:1c 38,30 0,75 2,0 2,11 1,37 3,7 (3,83
C18:1c 22,66 0,41 1,8 115 0,77 34 215
C18:1c 5,49 0,08 1,6 0,24 0,14 250 038
C18:1t 45,39 0,84 19 2,35 2,04 457 5,71
C18:1t 22,35 0,43 19 1,19 061 |~ 27 1,69
C18:1t 10,56 0,17 16 0,47 018 o 17 0,49
C18:1t 0,67 0,08 11,6 0,22 0,09 13,2 0,25
C18:1t 0,09 0,02 309 0,07 , 49,4 0,11
C20:1 0,69 0,02 2,2 004 | 0,02 3,2 0,06
€20:1 0,17 0,01 5,2 0,03 I 0,01 8,2 0,04
C20:1 0,05 0,01 13,4 0,022 | o001 14,3 0,02
C20:1 0,02 0,01 33,6 002 0,02 83,6 0,05
c22:1 0,04 0,00 38 |\N0,00 0,08 213,2 0,28
PUFAs <9
C18:2c 38,92 0,79 2007 | 221 1,37 3,5 3,84
C18:2¢ 11,74 0,19 e 0,52 0,36 3,1 1,01
C18:2c 4,35 009 4\ 24 0,26 0,17 44 0,47
C18:2c 1,35 004~ 26 0,10 0,04 3,1 0,12
C18:2c 0,49 007" 15,0 0,21 0,11 22,4 0,31
C18:2t 501 | ~\019 3,8 0,54 0,35 7,0 0,99
C18:2t 140 )7 021 15,0 0,59 0,46 32,6 1,28
C18:2t 0840~ | 013 15,8 0,37 0,17 20,1 0,47
C18:2t 0,04 26,1 0,11 0,06 43,8 0,17
c18:2t | |4 0,05 0,01 13,0 0,02 0,04 771 0,11
C18:3c ‘.o 4 89 0,09 19 026 015 3.1 043
C18:3c 0,62 0,03 5,0 0,09 0,04 6,0 0,11
C18:3c 0,20 0,01 6,4 0,04 0,03 13,5 0,08
C18:3t 0,69 0,05 6,9 0,13 0,23 32,6 0,63
C18:3t 0,15 0,02 13,8 0,06 0,05 37,0 0,15
C18:3c 0,05 0,01 19,9 0,02 0,01 47,9 0,03
C18:3t 0,04 0,02 41,0 0,04 0,04 108,5 0,12
€20:2 0,27 0,09 30,7 0,25 0,27 101,2 0,75

Average mean, average range, and average Cyr were calculated, then sorted by mean value to determine if the accuracy was
dependent on the concentration or related to the individual FA. Special attention was focused on the identification of the
trans FAs. Similar mean values were grouped to compare the average Cyr values.
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