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Forewords

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.
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IDF (the International Dairy Federation) is a non-profit private sector organization representing the
interests of various stakeholders in dairying at the global level. IDF members are organized in National
Committees, which are national associations composed of representatives of dairy-related national
interest groups including dairy farmers, dairy processing industry, dairy suppliers, academics and
governments/food control authorities.

ISO and IDF collaborate closely on all matters of standardization relating to methods of analysis
and sampling for milk and milk products. Since 2001, ISO and IDF jointly publish their International
Standards using the logos and reference numbers of both organizations.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
pate Yt 1ishto. HBf—shatretbetheld 1coyuuoib}c fot idcut;f_yius any-ot aH-streh yatcut T ish‘s. Details of
any patent rights identified during the development of the document will be in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience.cPusers gnd does not
consfitute an endorsement.

ISO 16958 | IDF 231 was prepared by the IDF Standing Committee on Analytical Methods for(Composition
and the ISO Technical Committee ISO/TC 34, Food products, Subcommittee 5 on Milk and milk products
(ISO{TC 34/SC 5), in collaboration with AOAC INTERNATIONAL. It is‘being published jointly by ISO and
IDF, aind separately by AOAC INTERNATIONAL. The method described in this Internatiorjal Standard
is equivalent to the AOAC Official Method 2012.13: Determination of labeled fatty acids coptent in milk
prodlicts and infant formula

All work was carried out by the ISO-IDF Project Group ‘C¥1 of the Standing Committee dn Analytical
Methods for Composition under the aegis of its project Jéader, Mr Pierre-Alain Golay (CH).
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Milk, milk products, infant formula and adult
nutritionals — Determination of fatty acids composition —
Capillary gas chromatographic method
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International Standard specifies a method for the quantification of individual and/ot-a

pr vegetable oils, supplemented or not supplemented with oils rich in long chain poly
acids (LC-PUFA). This also includes groups of fatty acids often labelled [i.e. ¢&rans fatty
ated fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsatufated fatty a

determination is performed by direct transesterification in {ood matrices, witho
ction, and consequently it is applicable to liquid samples or reconstituted powder s
r having total fat > 1,5 % m/m.
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

fatty acids content
mass fraction of individual or groups of substances determined by the procedure specified in this

Inter

Note

national Standard

1 to entry: See Table A.1.

Note 2 to entry: The fatty acid content is expressed as a mass fraction in grams (or in milligrams) of the fatty
acids per 100 g of product (see Table A.1). Fatty acid results can be converted into other results expression
formats (see 10.2).
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4 Principle

Addition of the internal standard solution to the sample, preparation of fatty acid methyl esters (FAMEs)
by direct transesterification with methanolic sodium methoxide for liquid samples; dissolution (i.e.
reconstitution) in water for powder sample and direct transesterification with methanolic sodium
methoxide. The same transesterification procedure is applied to fat extracted from various foods (e.g.
low fat products, cheeses).

Separation of FAMEs using capillary gas-liquid chromatography. Identification of FAMEs by comparison
with the retention time of pure standards and quantification as fatty acids by reference to an internal
standard (C11:0 FAME) and instrument response factors. Verification of the transesterification
performancg USINg a second Internat standard (C 1370 TAGT:

5 Reagents

Use only redgents of recognized analytical grade, unless otherwise specified.
5.1 n-Hexane, [CH3(CH2)4CH3], chromatography grade.

5.2 Meth4nol, [CH30H], chromatography grade.

5.3 Water, HPLC grade or equivalent purity quality.

5.4 Sodium methoxide solution, [CH30ONa], dissolved in methahol 30 % m/v, or 25 % m/v, depending
on local avajlability.

5.5 Transesterification solution, (sodium methoxide'solution 5 % m/v in methanol).

Into a 300 thl volumetric flask, pipette 50 ml (or 60 ml) of sodium methoxide solution 30 % m/v (or
25 % m/v) pnd mix gently with 250 ml of methanol using a magnetic stirrer. Remove the magnetic
stirrer, then|cool to room temperature and make up to the mark with methanol.

Stored in tHe dark at 4 °C, this solution\is stable for one week. Allow the solution to come to room
temperatur¢ before use. This solution.wwolume is sufficient to analyse approximately 40 samples. Infcase
of a smaller [number of analyses, the'reagent volume can be adapted accordingly.

Perform the| transesterificationeaction at ambient temperature (between 20 °C and 25 °C).

NOTE V4lue indicated.inbrackets () corresponds to sodium methoxide solution with 25 % m/v concentijation

5.6 di-Sodium hydrogen citrate sesquihydrate, [HOC(COOH)(CH2COONa);.1,5 H2O0].

5.7 Sodiu|m ehloride, [NaCl].

5.8 Neutralization solution, (di-sodium hydrogen citrate sesquihydrate 10 % m/v, sodium chloride
15 % m/v in water).

Weigh 50,0 g of di-sodium hydrogen citrate sesquihydrate and 75,0 g of sodium chloride in a 500 ml
volumetric flask. Dissolve in 450 ml of water using a magnetic stirrer. Remove the magnetic stirrer,
then make up to the mark with water.

Stored in the dark at 4 °C, this solution is stable for one month. Presence of salt crystals may appear in
the solution during storage, but disappear after shaking.

Allow the solution to come to room temperature before use. This solution volume is sufficient to analyse
approximately 40 samples or more. In case of a smaller number of analyses (or single analysis), the
mass and volume of solution can be adapted accordingly.

2 © ISO and IDF 2015 - All rights reserved


https://standardsiso.com/api/?name=7076d87af10416f285c9fe8987047dc2

5.9

5.10

5.11

5.12

ISO 16958:2015(E)
IDF 231:2015(E)

Tert-butyl methyl ether (MTBE), chromatography grade.
Methyl undecanoate (C11:0 FAME), of purity = 99 % mass fraction.
Tritridecanoin (C13:0 TAG), of purity = 99 % mass fraction.

C11:0 FAME/C13:0 TAG standard solution.

Into a 250 ml volumetric flask, weigh to the nearest 0,1 mg about 500 mg of tritridecanoin and 500 mg
of methyl undecanoate. Dissolve and make up to the mark with MTBE.

Storé
temp

This

num

5.13
octaq

NOTH

5.14
octaq
20 9
(app

NOTH
5.15

—
—
—
—
—
—

— 1

erature before use.

solution volume is sufficient to analyse approximately 40 samples or more:Jn case
ber of analyses, standard mass and volume of solvent can be adapted accordingly.

Octadecenoic acid methyl esters, cis and trans isomers mixture of(C18:1 with trans-4
lecenoic (all isomers) and principal cis isomers. Concentration 2,5'1mg/ml in methylene

Linoleic acid methyl esters, cis and trans isomers mixture of C18:2 with trans
lecadienoic acid (approximately 50 %), cis-9,trans=12-octadecadienoic acid (ap

Foximately 10 %). Concentration 10 mg/ml in methylene chloride.

This standard is commercially available ftom Supelco Inc, brand of Sigma-Aldrich (Cat. 4

Linolenic acid methyl esters, cis and trans isomers mixture of C18:3 with
is-9,cis-12,cis-15-octadecatriendic,acid methyl ester (approximately 3 % m/m),
is-9,cis-12,trans-15-octadecatrienoic acid methyl ester (approximately 7 % m/m),
is-9,trans-12,cis-15-octadecatrienoic acid methyl ester (approximately 7 % m/m),
is-9,trans-12,transé¥5-octadecatrienoic acid methyl ester (approximately 15 % m/m),
rans-9,cis-12,¢is315-octadecatrienoic acid methyl ester (approximately 7 % m/m),
rans-9,cis-12,trans-15-octadecatrienoic acid methyl ester (approximately 15 % m/m),

rans<9,trans-12,cis-15-octadecatrienoic acid methyl ester (approximately 15 % m/m),

— 1

d in the dark at 4 °C, this solution is stable for one week. Allow the solution to colme to room

of a smaller

| to trans-16
chloride.

This standard is commercially available from Supelco Inc, brand of Sigma-Aldrich (Cat. 40495-U)1).

-9,trans-12-
proximately

), trans-9,cis-12-octadecadienoic acid (approximately 20 %) and cis-9,cis-12-octadecadienoic acid

7791)1).

hnd

rams-9,trans-12,trans-15-octadecatrienoic acid methyl ester (approximately 30 % m/m).

Nt

Conc

NOTE

entration 10 mg/ml in methylene chloride.

This standard is commercially available from Supelco Inc, brand of Sigma Aldrich (Cat. 47792)1). This

standard contains all trans isomers of C18:3 (eight in total) but their abundance and ratio are different to those
observed in refined/deodorized oils and fats.

5.16 Methyl octadecadienoate conjugated acids, mixture of C18:2 cis-9,trans-11 and cis-10,trans-12-
octadecadienoate conjugated acids, of purity = 99 % mass fraction.

1) Supelco Inc., brand of Sigma Aldrich, is an example of suitable product available commercially. This information
is given for the convenience of users of this document and does not constitute an endorsement by either [SO or IDF
of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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NOTE This standard is commercially available from Supelco Inc, brand of Sigma Aldrich (Cat. 05507)1). This
standard contains the two principal CLA isomers, but isomer ratio may vary from lot to lot.

5.17 Qualitative cis and trans isomers standard mixture solution

For the retention time (RT) identification of cis and trans isomers (i.e. C18:1, C18:2, C18:3 and CLA),
prepare a qualitative standard solution with the standards listed in 5.13 to 5.16. All standards that are
commercially available could be used. Into a 50 ml volumetric flask, add each standard isomer solution
in equal proportion. Dissolve and make up to the mark with hexane. Dilute in accordance with the type

of injector u

sed.

5.18 FAME

standards calibration solution

5.18.1 Preparation with individual FAME standards

5.18.1.1 In
Purchase in

Butyric acid

lividual FAME standards
Hividual FAME standards as follows (purity = 99 %):

methyl ester (C4:0), caproic acid methyl ester (C6:0), capryli¢.acid methyl ester ((

capric acid methyl ester (C10:0), undecanoic acid methyl ester (C11:0), lauric acid methyl ester (C]

tridecanoic
(C14:1 cis-9
(C15:1 cis-1(
heptadecan
stearic acid
(C18:1 cis-9
(C18:2 all ci

all cis-6,9,12

ester (C18:3
methyl este
acid methyl
11,14,17-eic
(C20:4 all ¢
lignoceric a
5,8,11,14,17
acid methyl

NOTE
addition, weig

5.18.1.2 St

Into a 100 n

hcid methyl ester (C13:0), myristic acid methyl ester (C14£0), myristoleic acid methyl
or n-5), pentadecanoic acid methyl ester (C15:0), cis-10¢pentadecenoic acid methyl

n-5), palmitic acid methyl ester (C16:0), palmitoleic.acid methyl ester (C16:1 cis-9 or
bic acid methyl ester (C17:0), cis-10-heptadecenoic,acid methyl ester (C17:1 cis-10 or
methyl ester (C18:0), elaidic acid methyl ester (€18:1 trans-9 or n-9), oleic acid methyl
or n-9), linolelaidic acid methyl ester (C18:2 all\trans-9,12 or n-6), linoleic acid methyl
5-9,12 or n-6), arachidic acid methyl ester (G20:0), gamma-linoleic acid methyl ester ({
or n-6), cis-11-eicosenoic acid methyl ester (C20:1 cis-11 or n-9), linolenic acid m
all cis-9,12,15 or n-3), heneicosanoic acid methyl ester (C21:0), cis-11,14-eicosadienoid
I (C20:2 all cis-11,14 or n-6), beheni¢ acid methyl ester (C22:0), cis-8,11,14-eicosatri
ester (C20:3 all cis-8,11,14 or n-6-cis), erucic acid methyl ester (C22:1 cis-13 or n-9]
psatrienoic acid methyl ester (C20:3 all cis-11,14,17 or n-3), arachidonic acid methyl
s-5,8,11,14 or n-6), cis-13,162docosadienoic acid methyl ester (C22:2 all cis-13,16 or
Cid methyl ester (C24:0),-6is-5,8,11,14,17- eicosapentaenoic acid methyl ester (C20:5 a
or n-3), nervonic acid-methyl ester (C24:1 cis-15 or n-9), cis-4,7,10,13,16,19-docosahexa
ester (C22:6 all cis4,%10,13,16,19 or n-3).

bhing each FAME standard individually could give imprecision and requires high precision of weig

bck solution 1 - Saturated

WL volumetric flask, accurately weigh to the nearest 0,1 mg about 25 mg of Lignocerid

8:0),
2:0),
pster
pster
n-7),
n-7),
ester
pster
[18:3
ethyl
acid
PNoiC
, CIs-
ester
n-6),
I cis-
PNoic

Purchasing of individual FAME standards is more expensive than a single FAME standard mixture. In

rhing.

acid

methyl este

(F?A-n)’ 25 mg of behenic acid mpfhy] ester (F??-ﬂ), 25 mg of heneicosanoic acid m

thyl

ester (C21:0), 25 mg of arachidic acid methyl ester (C20:0), 25 mg of sacid methyl ester (C18:0),
25 mg of heptadecanoic acid methyl ester (C17:0), 50 mg of palmitic acid methyl ester (C16:0), 25 mg
of pentadecanoic acid methyl ester (C15:0), 25 mg of myristic acid methyl ester (C14:0), 25 mg of
tridecanoic acid methyl ester (C13:0), 25 mg of lauric acid methyl ester (C12:0), 25 mg of undecanoic
acid methyl ester (C11:0), 25 mg of capric acid methyl ester (C10:0), 25 mg of caprylic acid methyl ester
(C8:0), 25 mg of caproic acid methyl ester (C6:0) and 25 mg butyric acid methyl ester (C4:0). Make up to
the mark with n-hexane.

Palmitic acid is weighed in double amount. Short chain fatty acid methyl esters (i.e. C4:0, C6:0 and C8:0)
are volatile and shall be weighed at the end of the procedure.

© ISO and IDF 2015 - All rights reserved
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5.18.1.3 Stock solution 2 - Monounsaturated

Into a 100 ml volumetric flask, accurately weigh to the nearest 0,1 mg about 25 mg of nervonic acid
methyl ester (C24:1 cis-15 or n-9), 25 mg of erucic acid methyl ester (C22:1 cis-13 or n-9), 25 mg of cis-
11-eicosenoic acid methyl ester (C20:1 cis-11 or n-9), 25 mg of oleic acid methyl ester (C18:1 cis-9 or
n-9), 25 mg of elaidic acid methyl ester (C18:1 trans-9 or n-9 trans), 25 mg of cis-10-heptadecenoic acid
methyl ester (C17:1 cis-10 or n-7), 25 mg of palmitoleic acid methyl ester (C16:1 cis-9 or n-7), 25 mg of
cis-10-pentadecenoic acid methyl ester (C15:1 cis-10 or n-5) and 25 mg of myristoleic acid methyl ester

(C14:

5.18.

1 cis-9 or n-5). Make up to the mark with n-hexane.

1.4 Stock solution 3 - Polyunsaturated

Into

meth
or n-
meth
11,14
of cid
meth
cis-1

or n-
n-3).

5.18

Into
25,0
stocH
of inj

Stord

stanglard solution, distribute the solution’into different vials (ready to inject) and store thg

befol

5.18

5.18
Purc

The
perc

appr
distn

h 100 ml volumetric flask, accurately weigh to the nearest 0,1 mg about 25 mg of hing
yl ester (C18:2 all trans-9,12 or n-6 trans), 25 mg of linoleic acid methyl ester ((18:]

yl ester (C18:3 all cis-12,15 or n-3), 25 mg of cis-11,14-eicosadienoic acid methyl ester (

or n-6), 25 mg of cis-8,11,14-eicosatrienoic acid methyl ester (C20:3 all'cis-8,11,14 or
-11,14,17-eicosatrienoic acid methyl ester (C20:3 all cis-11,14,17 or n-3), 25 mg of arad
yl ester (C20:4 all cis-5,8,11,14 or n-6), 25 mg of cis-13,16-docosadienoic acid methyl
B,16 or n-6), 25 mg of cis-5,8,11,14,17- eicosapentaenoic acid methylester (C20:5 all cis
B) and 25 mg of cis-4,7,10,13,16,19-docosahexaenoic acid methyDester (C22:6 cis-4,7,1(
Make up to the mark with n-hexane.

1.5 Preparation of FAME standards calibration solution

0 100 ml volumetric flask, pipette 25,0 ml of the-calibration standard stock solution
ml of the calibration standard stock solution 2 (5.18.1.3) and 25,0 ml of the calibrati
 solution 3 (5.18.1.4). Then make up to the.mark with n-hexane. Dilute in accordance W
ector used.

d in the dark at -20 °C, this solutionis stable for about six months. To prevent contami

e use. Use each vial once, then dis¢ard it.
2 Preparation from a quantitative FAME standard mixture

2.1 Quantitative FAME standard mixture
hase a quantitative FAME standard mixture: Nu-Check-Prep, Cat. Number GLC- Nestle{

FAME calibration standard mixture is carefully prepared by mass by the supplie
entage ef.each component is indicated in the accompanying certificate. Each ampo
pximately 100 mg of the FAME calibration standard mix. All individual FAME st
ibited in equal proportions in the standard mixture, except for palmitic acid methy] ¢

lelaidic acid
b all cis-9,12

6), 25 mg of gamma-linoleic acid methyl ester (C18:3 all cis-9,12 or n-6), 25-mg of linolenic acid

£20:2 all cis-
n-6), 25 mg
hidonic acid
ester (C22:2
5,8,11,14,17
,13,16,19 or

1 (5.18.1.2),
bn standard
rith the type

nation of the
em at —20 °C

362).

. The mass
1le contains
indards are
ster (C16:0)

whid

h is’added in double amount.

5.18.

2.2 Preparation of FAME standards calibration mixture

Before use, allow the ampoule to come to room temperature (maximum 25 °C) in the dark without
heating. Cut the ampoule with a glass knife, using a Pasteur pipette, rapidly transfer the content of the
ampoule into a 50 ml pre-tarred volumetric flask, weigh and make up to the mark with n-hexane. Dilute
in accordance with the type of injector used.

2) Nu-Check-Prep GLC-Nestle36 is an example of suitable product available commercially. This information is
given for the convenience of users of this document and does not constitute an endorsement by either ISO or IDF of
the product named. Equivalent products may be used if they can be shown to lead to the same results.
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Stored in the dark at =20 °C, this solution is stable for about six months. To prevent contamination of the
standard solution, distribute the solution into different vials (ready to inject) and store them at -20 °C
before use. Use each vial once, then discard it.

6 Apparatus

WARNING — Since the determination involves the use of volatile flammable solvents, all
electrical apparatus employed shall comply with legislation relating to the hazards in using
such solvents.

Usual labor"fnry nqnlpmnhf :n‘\r], 1 pnrhrn]ar’ the Fﬂ]]f\‘/\llhg

6.1 Analytical balance, capable of weighing to the nearest 1 mg, with a readability of 0,1 mg:
6.2 Volumetric flasks, of capacities 50 ml, 100 ml, 250 ml, 300 ml and 500 ml.

6.3 Volumetric pipettes, with one mark, of capacities 2 ml, 5 ml, 10 ml, 25@] and 50 ml, clags AS
(ISO 1042).

6.4 Volumetric pipettes, with two marks, of capacities 2 ml and 5 mkelass AS (ISO 1042).
6.5 Micropipette, of capacity 200 pl.

6.6 Dispensers, of capacities 2 ml, 5 ml and 10 ml.

6.7 Test thbe, of diameter 26 mm, of length 100 mmyfitted with PTFE-lined screw cap.
6.8 Test tube mixer vortex-genie, or equivalent.

6.9 Laboratory centrifuge, equipped with-adapters for test tubes with external diameter of 26 npm.

6.10 Gas-liquid chromatograph, equipped with flame ionization detector and split/splitless of on-
column inje¢tor. Auto-sampler and integration system preferably computerized.

Use of the|cleanest possible.glassware and caps is required to avoid impurities in the FAME
chromatogrpm.

6.10.1 Carrier gas, hydrogen or helium, purity = 99,9997 %.

NOTE The us&ref hydrogen or helium as carrier gas affects principally the chromatography duration
(i.e. increase| of time between 10 min to 15 min with helium) but does not have significant impact op the
chromatographic resolution with optimized conditions

The other gases necessary for the detector (FID) should be free from organic impurities (i.e. CnHm of
below 1 ppm) and have purity at least = 99,995 %. Synthetic air or compressed air can be used. The use
of gas generator is also possible.

6.10.2 Capillary column, bonded with cyanopropyl-polysiloxane phase or equivalent (100 m length,
0,25 mm internal diameter, 0,2 micron film thickness), that elutes the FAMEs primarily by carbon chain
length and secondarily by the number of double bonds.

Traces of oxygen and humidity will damage the polar phase of the column. If pure gas is not available,
use a gas purifying filter device.
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6.10.3 Flame ionization detector, capable of being heated to a temperature 50 °C above the final

temp

erature of the column oven.

6.10.4 Split/splitless injector, capable of being heated to a temperature 30 °C above the final

temp

erature of the column oven.

6.10.5 On-column injector, capable of being not heated (cold), or being heated to a temperature 30 °C
above the final temperature of the column oven.

NOTE The installation of one single injector (i.e. split/splitless or on-column) on the GC instrumen

6.10

6.10

6.11

The pven temperature and the carrier gas flow depend on the columinselected, and on
gas uysed (i.e. hydrogen or helium). In any case, the selected conditions shall produce thg
een cis and trans zone for C18:1, C18:2, C18:3 and conjugated-linoleic acids (CLA), as shown in

betw
Annd

6 Injection syringe, capacity 10 pl.
7 Integration system.

Gas chromatographic conditions

x B, Figures B.1, B.2 and B.3.

The examples in 6.11.1 and 6.11.2 list applicable conditions.for a correct separation/iden
cis and trans.

6.11

— (olumn: 100 mlength, 0,25 mm internal diameter, 0,2 um film thickness, fused silica capil

q

— (arrier gas type: helium.

— (olumn head carrier gas pressure: 225 kPa (175 kPa - 225 kPa).

q

q

— 1
— 1

$tationary phase: cyanopropyl-polysiloxane.

$plit flow: 25,5 ml/min.
$plit ratio: 10:1.

15°Gumin-1 up to 165 °C, maintained at this temperature for 1 min and then raised at
mnin~l up to 225 °C for 20 min

1 Example 1 - Split injection mode

njector tempetature: 250 °C.
Detector temperature: 275 °C.

Dven temperature programme: initial temperature of 60 °C, maintained for 5 min, raise

tis sufficient.

the carrier

P separation

tification of

[ary column.

d at a rate of
| rate of 2 °C

— Amount of sample injected: 1,0 pl.

An example of the full GC profile obtained with these conditions is shown in Annex B, Figure B.4.

6.11.2 Example 2 - On-column injection mode

— Column: 100 mlength, 0,25 mm internal diameter, 0,2 um film thickness, fused silica capillary column.

— Stationary phase: cyanopropyl-polysiloxane.

— Carrier gas type: hydrogen.

— Column head carrier gas pressure: 210 kPa (175 kPa - 225 kPa).

© ISO
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— Injector temperature: cold.

— Detector temperature: 275 °C.

— Oven temperature programme: initial temperature of 60 °C, maintained for 5 min, raised at a rate of
15 °C min-1 up to 165 °C, maintained at this temperature for 1 min and then raised at a rate of 2 °C

min-1 up to 225 °C for 17 min.

— Amount of sample injected: 1,0 pl.

An example of the full GC profile obtained with these conditions is shown in Annex B, Figure B.5.

6.12 Resolution between C18:1 cis and trans

For the accyrate quantification of C18:1 TFA (level = 0,5 g/100 g fat), a sufficient resolution-bet}
C18:1 trans-L3/14 and C18:1 cis-9 (oleic acid) is required. The resolution is determined withthe inje
of the qualitfative cis and trans C18:1 FAME isomers standard mixture solution (5.17).

Inject into the gas chromatograph 1,0 pl of the calibrating solution (5.13). Determine'peak width a

veen
ction

t half

height and distance between the left of the chromatogram and the top of peak for-€18:1 trans-13/14 and

C18:1 cis-9 (pleic acid methyl ester). The resolution criteria R is calculated by using Formula (1):

1 W[l])

R=11 X(tR2 —tRl)/(W[l]l +
2

where

tr1 is the distance, in centimetres, between the left of the chromatogram and the top of
1 (C18:1 trans-13/14);

tr2 is the distance, in centimetres, between the left of the chromatogram and the top of
2 (C18:1 cis-9);

W[ is the peak width, in centimetresyat half height of peak 1 (C18:1 trans-13/14);
W[ is the peak width, in centimetres, at half height of peak 2 (C18:1 cis-9).

The resolution is sufficient-when R criterion = 1,00 + 5 % (see Annex B, Figure B.3).

NOTE In|case of insufficient resolution, but with R close to the target value, the fine tuning of chromatog
conditions (ife. slightimodification of carrier gas pressure/flow, or oven temperature programme) can gi
acceptable R ralde.

ey

peak

peak

aphy
e an

7 Sampling

It is important that the laboratory receives a sample that is representative and has not been damaged

or changed during transport or storage.

Sampling is not part of the method specified in this International Standard. A recommended sam
method is given in ISO 707 | IDF 50.

pling
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8 Preparation of test sample

8.1 Liquid and powder milk and infant formula with a fat content 2 1,5 % m/m

Bring the sample to room temperature and shake vigorously before use. Ensure that the sample is
homogeneous (i.e. mix well).

8.2 Liquid and powder milk and infant formula with a fat content < 1,5 % m/m

Bring the sample to room temperature and shake vigorously before use. Ensure that the sample is

hom

Extr
extrd

Aganaaiiedi-a iz tara 11N

PESCTICOTS (e TIIT A VY CTT

ict the fat in accordance with ISO 14156 | IDF 172 taking care to evaporate, cor
iction solvent(s) by heating to a temperature not higher than 40 °C to avoid the degrad

chain polyunsaturated fatty acids (LC-PUFA).

NOTH
guidg

8.3
Brin

Extr
solvg

Verif]
NOTH
(FAM

9 1

9.1

Into

See also ISO 1211 | IDF 1, 1SO 1737 | IDF 13, 1SO 8381 | IDF 123 and 1SO.8262-1 | IDF 12
nce on fat extraction methods.

Cheese
b the sample to room temperature. Ensure that the sampleds homogeneous (i.e. mix wg

ict the fat in accordance with I1SO 1735 | IDF 5 taking\care to remove completely th
nt by heating the fat to a temperature not higher than-60 °C.

y the acidity of the fat in accordance with ISO 1740y IDF 6 (acceptance criteria < 1 mmol
In the presence of methanolic sodium methoxide, free fatty acids are not converted into

E). In case of higher acidity (i.e. free fatty acids), these fatty acids are not quantified with the d

Procedure

Test portion

a 25 ml centrifuge tube-with a screw cap, weigh to the nearest 0,1 mg an equivals

npletely the
htion of long

-1 for useful

1n).

e extraction
100 g of fat).

nethyl esters
thers.

ent quantity

of sample (8.1) in order to’have approximately 50 mg of fat in the tube. (For example, for a sample

cont

NOTH
appr

For a
requ

ining 26 g fat per'100 g from a product, the corresponding sample mass is approximat

1  For fattgaeid analysis on fat extracted from foods, the same amount of fat sample is
ximately 50;mg).

powdeérsample, add 2,0 ml of water using a micropipette. For a liquid sample, water ad
red. Close the tube, then dissolve gently using a vortex mixer. Wait for 15 min at room t

ely 190 mg.)

required (i.e.

dition is not
bmperature.

Fort

€ fatextracted {Tom proguct {8-2 and 8-3), Weigit to the nearest 0,1 mg 50 g of et

25 ml centrifuge tube. Water addition is not required for fatty acid analysis of fat sample.

ed fatinto a

Pipette 5 ml of internal standard solution (5.12). Add with a pipette 5 ml of 5 % (m/v) methanolic
sodium methoxide solution (5.5). The transesterification time starts with the addition of the first drop
of reagent. Close the tube hermetically and shake well for 10 s using a vortex mixer.

180 s after the start time, open the tube and add 2 ml of hexane. 210 s after the start time add 10 ml of
disodium hydrogen citrate and sodium chloride aqueous solution (5.8). The transesterification time
stops after the addition of the last drop of neutralization solution. Shake gently using a vortex mixer for
30 s. The transesterification time should not exceed 240 s after the start time.

NOTE 2  Itisimportant to respect the transesterification time (240 s). The number of tubes cannot exceed six

tubes at the same time under these conditions. Rapid delivery system (dispenser) can be used to add reagents,
but not for the addition of internal standard solution which requires high precision.
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Centrifuge the tube at 1 750 min-1 (or equivalent to g = 375 + 25) for 5 min.
Into a 10 ml volumetric flask, pipette 200 pl of the supernatant and make up to the mark with n-hexane.

NOTE3  The dilution factor is calculated for on-column and/or splitless injection only. When using split
injection, reduce the dilution to obtain the desired peak responses according to the split ratio used (take care to
have a sufficient and accurate detection level for small peaks especially). Stored in the dark at 4 °C, the sample
solution after dilution is stable for two days.

NOTE 4 In the sample chromatogram, sometimes a “hill” on the baseline is seen between the solvent peak
and the elution of C6:0; this phenomenon is caused by the possible presence of water traces captured by MTBE
solvent during the sample preparation. The “hill” can be easily removed from the GC chromatogram with the

addition of fe

W mg oI Lally 1n the diluted sample solution berore GU injection.

9.2 Quantitative determination

9.2.1 Det

Inject three

9.2.2 Det

Inject 1 pl d
with the FA

9.2.3 Fatt

Identify the
those of thd
standard m

C18:1 TFA

Identify and
the C18:1 ci]

Figures B.1

NOTE 1
chromatogra
with the 100
oleic acid pe{
A+)) followed

W

prmination of response factors

times 1 ul the calibrated solution (see 5.18.1.5 or 5.18.2.2).

ermination of the test portion

f the test portion (9.1) into the gas chromatograph applying the same conditions as
ME standards calibrating solution.

y acid identification

fatty acids in the sample solution chromatogram by comparing their retention times
corresponding peaks in the calibration standard solution (5.18) and in the qualit]
xture containing all TFAs and CLA isomers'(see 5.13 and 5.17).

group all trans isomers of C18:V (include also the peak area of C18:1 trans-16 elut

br B.2.

hen milk fat is present, fwo trans isomers of C18:1 are eluted in the C18:1 cis region d
m (the C18:1 trans-I5-and C18:1 trans-16), but only one isomer is resolved (the C18:1 traf
m length capillary.eolumn. The second isomer (C18:1 trans-15) is generally overlapped wit
k (C18:1 cis-9)<«and’its area is only quantifiable using a preliminary separation (i.e. TLC A*,
by a capillary&€C analysis. According to recent findings, it has been demonstrated that there

significant difference in.tetal C18:1 TFA amount when the peak area of C18:1 trans-15 (the not resolved pe

excluded frojf
a capillary G
cis-6-8), whi
The contribu
into account.

C18:2 TFA

h the sum'in comparison to the result obtained after preliminary separation techniques followj
L.C analysis. A part of this phenomenon is explained by the presence of some C18:1 cis isomerj
Ch élute with the C18:1 trans region and consequently are added indirectly to the sum of C18:1

used

with
ative

b region of the chromatogram,just after the C18:1 cis-9 or n-9) in accordance with Ann

f the
s-16)
h the
HPLC
is no
k) is
ed by
s (i.e.
TFA.

Lion’ of these isomers on the sum of C18:1 TFA compensate the fact that C18:1 trans-15 is not

raken

Identify and group all trans isomers of linoleic acid (see Annex B, Figures B.1, B.2 and B.6). For the total
TFA of C18:2, include all the trans isomers present in milk fat sample as shown in Figures B.1 and B.2.

C18:3 TFA

Identify and group all TFA of linolenic acid (see Annex B, Figures B.1, B.2 and B.6).

10

© ISO and IDF 2015 - All rights reserved


https://standardsiso.com/api/?name=7076d87af10416f285c9fe8987047dc2

ISO 16958:2015(E)
IDF 231:2015(E)

NOTE 2  Inthe presence of milk fat and/or fish oil in the sample, another isomer of C20:1 elutes just before C20:1
cis-11 (or n-9). Depending on the column resolution, the retention time of this fatty acid may also correspond to
a trans isomer of C18:3 (i.e. C18:3 cis-9,trans-12,cis-15 or C18:3 trans-9,cis-12,cis-15). When there is only one peak
in the corresponding zone of C18:3 TFA, its correct identification corresponds to a C20:1 isomer. When two, three
or four peaks are encountered in the corresponding zone for C18:3 TFA, each peak area is included in the total
areas of C18:3 TFA (see elution order and formation rules below). Interferences may also be observed between
C18:3 TFA isomers (i.e. C18:3 cis-9,cis-12,trans-15; cis-9,trans-12,cis-15; or trans-9,cis-12,cis-15) and C20:1 cis-11
(or n-9). The C20:1 cis-11 (or n-9) can elute with C18:3 cis-9,trans-12,cis-15 (the minor C18:3 trans isomer), but its
contribution to the total C18:3 TFA is negligible. However, if C20:1 cis-11 (or n-9) shows interferences with C18:3
cis-9,cis-12,trans-12 or with C18:3 trans-9,cis-12,cis-15 the chromatography condition can be slightly modified to
obtain sufficient separation. Interference is also visible when the wrong ratio between C18:3 cis-9,cis-12,trans-15

and C18:3 trans-9,cis-12,cis-15 is observed (the ratio between these isomers is always close to 5:4).

NOTE 3

The kinetics of C18:3 trans isomers formation in refined and deodorized oils have been'ai

a highly polar capillary column and are well described in the literature. They could be used.as a
tool to verify the presence of C18:3 trans isomers. Most often, a maximum number of four-trarns iso
is enqountered.

Case

1 - Absence of C18:3 TFA isomers

No ppak (if only one peak is detected; see the comment above regarding-the presence of ar
isomer in milk). The presence of single one C18:3 trans isomer is not possible.

Case

The

2 - Presence of two C18:3 TFA isomers (C18:3 cis-9,cis-12,trans-15 and C18:3 trans-9,4

peak area of C18:3 trans-9,cis-12,cis-15 is approximately“80 % of the peak area of C1

12,trans-15 (or ratio 5:4). This ratio is always constant when other C18:3 trans isomers are

Case
and

The

3 - Presence of three C18:3 TFA isomers (C18¢3-¢is-9,cis-12,trans-15; C18:3 cis-9,trq|
[18:3 trans-9,cis-12,cis-15).

kame as described above for case 2 (twe\isomers), but with the presence of C18:3

12,cis-15. The peak area of this trans isomeris always small and sometimes lower than

Quar
C20:

Case|
C18:

The {
This

tification (LOQ). In case of co-elution-of this trans isomer with C20:1 cis-11 (n-9) or
| isomer, its contribution on total-€18:3 TFA is negligible.

4 - Presence of four C18:3 TFA isomers (C18:3 trans-9,cis-12,trans-15; C18:3 cis-9,cis
B cis-9,trans-12,cis-15; and"€18:3 trans-9,cis-12,cis-15).

ame as described abeve for case 3 (three trans isomers), but with the C18:3 trans-9,cis
isomer is formed by, the partial degradation of C18:3 cis-9,cis-12,trans-15 and C18:3

12,cis-15 (the first twe~ C18:3 trans isomers occur in deodorized vegetable oils). When|
is =2 40 % of the pegk area of C18:3 cis-9,cis-12,trans-15), the presence of other C18:3 trans is
be syspected and<indicate abnormal oil deodorization conditions (i.e. high temperature a
See dlso Annex'B, Figure B.6, which shows a real example of an infant formula sample cont

TFA

The
stan

hnd C18:3 TFA originating from deodorized vegetable oils.

halysed using
confirmatory
ners of C18:3

other C20:1

is-12,cis-15)

B:3 cis-9,cis-
present.

ns-12,cis-15;

cis-9,trans-
the Limit Of
yith another

12,trans-15;

12,trans-15.
trans-9,cis-
its amount
omers could
nd/or time).
hining C18:2

presence of other C18:3 trans isomers can be confirmed with the injection of thg

qualitative

i 1 TR fo a7
dI'U0 THIXTUTC (0.17 .

Use the following terms to express TFA results:

C18:1 TFA is the sum of trans positional isomers from C18:1;

C18:2 TFA is the sum of trans isomers from C18:2 (linoleic acid) in deodorized oils (i.e.

C18:2 trans-

9,trans-12, cis-9,trans-12, and trans-9,cis-12) and in milk fat (i.e. C18:2 cis-9,trans-13, C18:2 trans-

8,cis-12 and C18:2 trans-11,cis-15);

C18:3 TFA is the sum of trans isomers from C18:3 (linolenic acid) in deodorized vegetabl
9,cis-12,trans-15, cis-9,cis-12,trans-15, cis-9,trans-12,cis-15, and trans-9,cis-12,cis-15);

total TFA is the sum of C18:1 TFA, C18:2 TFA and C18:3 TFA.
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NOTE4 The method is intended to quantify all TFA in foods (i.e. those originating from ruminants,
hydrogenation and/or oil deodorization process). The method is not intended to determine the origin of C18:1
and C18:2 TFAs (i.e. natural TFAs vs. industrial TFAs) in complex foods containing different origins of TFA (i.e.
fat from ruminants, hydrogenated and deodorized vegetable oil). An estimation can be made using C18:1 trans
isomers distribution and/or ratio (i.e. C18:1 trans-9 and C18:1 trans-11), from the presence of C18:2 TFA and
C18:3 TFA originating from oil deodorization process, and also by considering the distribution/abundance of
some fatty acids along the full fatty acids profile. The quantification of TFA having different origins is more
precise in ingredients.

NOTES5 Branched-chain fatty acids (i.e. saturated iso- and anteiso-methyl-branched fatty acids) are also
present in milk fats and they elute with other current fatty acids. In pure dairy fats, the branched fatty acids
that are most often encountered have 14 to 17 carbon atoms in the chain and represent between 1 % and
2 % of the nfilK fat profile. Thus, this category of fatty acids is not considered in the standard. Nevertheless,
correspondirg peak areas of these fatty acids and/or other unidentified fatty acids, can be added inte. th§ sum
of “other fattly acids” (OFA). A response factor (mean of response factors from C12:0 to C24:0) can be\appli¢d for
their quantification. For more information, please see Annex B, Figure B.7.

10 Calculption and expression of results

10.1 Calculation

10.1.1 Calqulation of response factor

Determine the area of peaks attributable to each fatty acid methyl ester present in the calibration
standard mjxture injected (9.2.1) and calculate their respective response factors (Rfj) relative tp the
internal stapdard (C11:0) by using Formula (2):

m|; ><A'O
Rfi = E < A' (2)
0 i

m';  igthe mass fraction of FAME; in the/calibration standard solution (5.18.1.5 or 5.18.2.2);

A'o  idthe peak area of C11:0 inhe'calibration standard solution chromatogram;

m’p  i9the mass of C11:0 in theé-calibration standard solution (5.18.1.5 or 5.18.2.2);
A'i  igthe peak area of FAME; in the calibration standard solution chromatogram.

The variatign between three injections is optimal when coefficients of variation are less than 2 %. An
example of ghe calculation is given in Annex B, Figure B.8.

NOTE The response factors calculated for C18:2 cis-9,12 (or n-6) can be applied for C-18:2 CLA (cis-9,trans-11)
and that calchilated for C18:3 cis-9,12,15 (n-3) can be applied for C18:3 trans isomers.

10.1.2 Fatty acids on the product

Calculate the mass fraction of the individual components expressed in g FA;/100 g product in the test
sample by using Formula (3):

mg x A; xRf; xS,;(FA)x 100 3)

gFA. /100 g product =

AO X m
where
mo is the mass of C11:0 internal standard, in milligrams, added to the sample solution;
Aj is the peak area of FAME; in the sample chromatogram;
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is the response factor, calculated in accordance with 10.1.1;

Si(FA) is the stoichiometric factor to convert FAME; to FA; (Annex B, Table B.1);

Ao

m

is the peak area of C11:0 internal standard in the sample chromatogram;

is the mass of test portion, in milligrams.

An example of the calculation is given in Annex B, Figure B.9.

NOTE 1

corre
not irf

prodiyict with the fat extraction value (g/100 g) determined with an appropriate validated extrac

The d
the e}

NOTH
of
fat) a
che

10.1

Calcuyilate the mass fraction of the individual components expressed in g FA;/100 g fat in te

using

This
valid|
finis

10.1

Calcyllate the mass fraction (of;dll fatty acids corresponding to a class or a group, in acco

Annd

o:rI'er fatty acids. The contribution of these fatty acids could vary from 0 g /100 gto 5 g/100 g fz

eclared fat value can be imprecise in comparison to fat extraction value and its use is notreco
kpression of fatty acids on finished products.

2 The peak areas corresponding to unidentified fatty acids can be summedcup’and report

icals, samples or having chromatography origin) can never be included irithe sum of OFA.

3 Fatty acids on the total fat

r Formula (4):

gFA; /100 g product x 100

A./100 g fat =
i/ & % Fat

calculation can be only performed when the fat content is determined with an
ated extraction method. Do not use(the declared fat value for the expression of fa
hed products.

4 Sum of class or group of'fatty acids in 100 g product

x A, Table A.1, by the'simple addition of individual fatty acids results (expressed in

prod

N A

10.1

uct) by using Formuta (5):

n
SFA = ZgFAi/loo g product
i=1

5 Sum of class or group of fatty acids in 100 g fat

In case of fatty acids analysis carried out on fat extracted from foods, the mass of test portion “m”

W@W&M&M@Mﬂﬁloo g fat and

g FA/100 g product with this equation. Results obtained in g FA/100 g fat can be convertedinto g FA/100 g

tion method.
mmended for

bd as the sum
1t (i.e. in milk

d thus could contribute to the sum of all fatty acids. The peaks corresponding to impurities (jnaterials and

5t sample by

4)

appropriate
[ty acids on

rdance with
g FA/100 g

(5)

h S R | £ i £ 11 c L | 1. 4 1 :
CalCumLc LIIC IS5 TIdULIUIT U dIT Idity dUIUS CUTTTESPUIIUIITE LU d LidSS U 4 g1 0Up, T dLilu

dance with

Annex A, Table A.1, by the simple addition of individual fatty acids results (expressed in g FA/100 g fat)

by using Formula (6):

> FA= igFAi/mo g fat
i=1

10.1

.6 Performance of the transesterification

(6)

Record the areas of the two internal standard peaks (methyl undecanoate and tritridecanoin) in the
analysed samples.
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The performance of transesterification, Pt expressed in %, is calculated from the recovery of the
tritridecanoin as second internal standard by using Formula (7):

pr— Me1n ™ Ap1z X Rpq3 XS 43(TAG) <100 7)
Acp XMz

where

me11 is the mass, in milligrams, of C-11:0 internal standard added to the solution;

Ac13  is the peak area of C-13:0 internal standard in the chromatogram;

Rc13 igthe response factor of C13:0 relative to C11:0, calculated according 10.1.1;

Sc13  idthe stoichiometric factor to convert C13:0 FAME into C13:0 TAG (Annex B, TablelB.1);

Ac11  igthe peak area of C-11:0 internal standard in the chromatogram;

mc13 i§the mass, in milligrams, of C13:0 TAG internal standard added to the solution.
The performance of the transesterification indicated by the recovery value ofitritridecanoin (C13:0 [TAG)
should be equivalent to 100,0 % + 2,0 %. When the performance of the trahsesterification is > 102,0 %
or < 98,0 % the origin of the problem could be the following:
— incomplete transesterification (i.e. problem with reagent/chemical);
— partial gegradation of internal standard(s), or problem with their purity/stability;
— sample matrix effect problem.
NOTE The analysis of a reference sample can help teldetermine if the problem originates from reajgents
and/or chem]cals or with the analysed sample.
10.2 Expression of results
Express to three decimal places the results expressed in g / 100 g and to one decimal place the results
expressed in mg / 100 g.
NOTE Fqtty acids results expreSsed in g (or mg)/100 g product can be converted in other results expregssion
format g (or thg) fatty acids /100 gAfat:
— g [or mg) fatty acids / 100 g reconstituted powder (i.e. 25 g powder into 200 g water), liquid prpduct
(i.e. ready-toifeed), or liquid concentrates diluted 1:1 by mass.
— g [or mg) fatty acids / serving size (according to serving size mass).
11 Precision

11.1 Interlaboratory test

Details of the interlaboratory studies, organized and elaborated in accordance with ISO 5725-1 and
[SO 5725-2 on the precision of the method, are summarized in Annex C.

The values for repeatability and reproducibility limit are expressed for the 95 % probability level and
may not be applicable to concentration ranges and matrices other than those given.

11.2 Repeatability

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

14
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within a short interval of time, shall in not more than 5 % of cases be greater than r, as given in
Annex C, Tables C.1 and C.2.

11.3 Reproducibility

The absolute difference between two independent single test results, obtained using the same method
on identical test material in different laboratories with different operators using different equipment,
shall in not more than 5 % of cases be greater than R, as given in Annex C, Tables C.1 and C.2.

11.4 Limit of detection

Undgr the described conditions (detector sensitivity, noise, sample dilution, etc.), ¢h

dete
arou

11.5

The
quan
satis

12
The {

a) 4

b) 1
1

c) {
d) 3

e) 1

Test report

‘tion limit expressed as three times the standard deviation of the background signa
nd 0,0003 g/100 g of product.

Limit of quantitation

limit of quantification, for each fatty acid, is about 0,001 g/100 )g of product.
tification corresponds to the lowest level where the robust repeatability was calg
factory results.

est report shall include at least the following information:
111 information necessary for the complete identification of the sample;

he sampling method used, if known; with reference to this International S
SO 16958 | IDF 231;

he test method used, together withaeference to this International Standard;

vith details of any incidents.which may have influenced the test result(s);

he test result(s) obtainéd;

b estimated
(noise) lies

'he limit of
ulated with

andard, i.e.

111 operating details not specified-in this International Standard, or regarded as optional, together
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Annex A
(normative)

Groups or classes of fatty acids and individual fatty acids

A.1 Group or class of fatty acids

Al1.1 Tra

Trans fatty
trans config

NOTE Pi

(e.g. C16:1 trgns), but their contributions have no significant influence on the total ameunt of trans fatty ac

milk product
interferenceg
the use of spd

A.1.2 Conjugated linoleic acids

Conjugated
in cis or trar
included in 1

A.1.3 Saturated fatty acids

Saturated f3

A.1.4 Monounsaturated fatty acids

Monounsatu
configuratid

A.1.5 Poly

Polyunsatu
cis configur

NOTE L(
are also inclu

ns fatty acids

icids (TFA) is the sum of fatty acids containing one or more non conjugated double bon
uration (only C18:1, C18:2 and C18:3 trans are included in the sum).

esence of other trans isomers naturally present in milk fat have been reported in the liter]
5. In addition, their identification is rather complex because these isomers/are frequently subj

from other isomers of fatty acids (e.g. cis, iso and anteiso) and thus need a preliminary separat
cific chromatographic conditions.

inoleic acids (CLA) is the sum of octadecadienoic acids containing conjugated double b
s configuration; mainly cis-9, trans-11 octadecadienoic acid (i.e. rumenic acid). CLA ar
he sum of TFAs.

tty acids (SFA) is the sum of all fattyacids without double bonds.

rated fatty acids (MUFA] is'the sum of all fatty acids containing one double bond
n.

runsaturated fatty acids

ated fatty aeids/(PUFA) is the sum of all fatty acids containing two or more double bon
htion.

-PUFA is the generic name to describe the long chain polyunsaturated fatty acids. These fatty
ded‘with PUFA (i.e. arachidonic, eicosapentaenoic and docosahexaenoic acids).

ds in

ature
ids in
bct to
on or

onds

e not

n cis

ds in

acids

A.1.6 Omega-3 fatty acids

Omega-3 fatty acids is the sum of cis polyunsaturated fatty acids having the first double bond at carbon
n-3 (w-3) from the terminal methyl group.

A.1.7 Omega-6 fatty acids

Omega-6 fatty acids is the sum of cis polyunsaturated fatty acids having the first double bond at carbon
n-6 (w-6) from the terminal methyl group.

A.1.8 Omega-9 fatty acids

Omega-9 fatty acids is the sum of cis polyunsaturated fatty acids having the first double bond at carbon
n-9 (w-9) from the terminal methyl group.

16
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A.2 Individual fatty acids

A.2.1 Linoleic acid

Linoleic acid (LA) is an essential fatty acid, an 18 carbon fatty acid containing two double bonds at
carbons 9 and 12 (C18:2 all cis-9,12) also named C18:2 n-6 (w-6).

A.2.2 Linolenic acid

Linolenic acid (ALA), also called a-linolenic acid, is an essential fatty acid, an 18 carbon fatty acid
containing three double bonds at carbons 9, 12, and 15 (C18:3 all cis-9,12,15) also named C18:3 n-3 (w-3).

A.2.3 Arachidonic acid

Arachidonic acid (ARA) is not an essential fatty acid, a 20 carbon fatty acid containing |four double
bonds at carbons 5, 8, 11, and 14 (C20:4 all cis-5,8,11,14) also named C20:4 n-6 (63=6).

A.2.4 Eicosapentaenoic acid

Eicogapentaenoic acid (EPA) is a semi-essential fatty acid (essential{or pregnant women and infants),
a 20| carbon fatty acid containing five double bonds at carbons 5)8, 11, 14, and 17 (CR20:5 all cis-
5,8,11,14,17) also named C20:5 n-3 (w-3).

A.2.5 Docosahexaenoic acid

Docdsahexaenoic acid (DHA) is a semi-essential fatty acid (essential for pregnant women gnd infants),
a 22|carbon fatty acid containing six double bonds*at carbons 4, 7, 10, 13, 16, and 19 ((22:6 all cis-
4,710,13,16,19) also named C22:6 n-3 (w-3).

Table A.1 — Configuration and groups of fatty acids

l((:e gltlll1 Configuration and group Systematic name Trivial name Abbreviation
C4:0 SFA Butanoic Butyric
Cé6:0 SFA Hexanoic Caproic
C8:0 SFA Octanoic Caprylic
C10:( SFA Decanoic Capric
C12:( SFA Dodecanoic Lauric
C14:¢ SFA Tetradecanoic Myristic
C14:1 w:5 (0rn-5) |cis MUFA |A9-Tetradecenoic Myristoleic
C15:( SFA Pentadecanoic
C15:1 -5 (orn-5) |cis MUFA |A10-Pentadecenoic
C16:0 SFA Hexadecanoic Palmitic
Clé6:1 w-7 (orn-7) |cis MUFA |A9-Hexadecenoic Palmitoleic
C17:0 SFA Heptadecanoic
C17:1 w-7 (orn-7) |cis MUFA |A10-Heptadecenoic
C18:0 SFA Octadecanoic Stearic
C18:1 TFA transa Sum of C18:1 trans isomers |All trans 4 to 16 octadecenoic
C18:1 -9 (orn-9) |cis MUFA |A9-Octadecenoic Oleic
a Do notinclude trans fatty acids in MUFA and PUFA sums.
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Table A.1 (continued)
Chain . . . - .
length Configuration and group Systematic name Trivial name Abbreviation
C18:2 TFA transa Sum of C18:2 trans isomers |All trans 9,12 octadecadienoic
in deodorized oils and trans
originated from milk fat (i.e.
C18:2 cis-9,trans-13, C18:2
trans-8,cis-12 and C18:2 trans-
11,cis-15)
C18:2 w-6 (orn-6) |cis PUFA |A9,12-Octadecadienoic Linoleic LA
C18:2 CLA | oyHerar—eisitrans—PHFA—ASH-Oetadecadienote Rutrente A
C18:3 oJ-6 (or n-6) |cis PUFA |A6,9,12-Octadecatrienoic Gamma-linolenic
C18:3 TFA transa Sum of C18:3 trans isomers |All trans 9,12,15 Octadecatrie-
noic
C18:3 J-3 (orn-3) |cis PUFA |A9,12,15-Octadecatrienoic |Linolenic ALA
C20:0 SFA Eicosanoic Arachidic
C20:1 o]-9 (orn-9) |cis MUFA |A11-Eicosenoic Gondoic
C20:2 o]-6 (orn-6) |cis PUFA |A11,14-Eicosadienoic
C20:3 o]-6 (or n-6) |cis PUFA |A8,11,14-Eicosatrienoic Dihomo-gaimma-linolenic
(DHGLA)
C20:3 o]-3 (orn-3) |cis PUFA |A11,14,17-Eicosatrienoic
C20:4 J-6 (or n-6) |cis PUFA |A5,8,11,14-Eicosatetrae- Atachidonic ARA
noic
C20:5 J-3 (orn-3) |cis PUFA |A5,8,11,14,17-Eicosapen- Eicosapentaenoic EPA
taenoic
C21:0 SFA Heneicosanoic
C22:0 SFA Docosanoic Behenic
C22:1 o]-9 (orn-9) |cis MUFA |A13-DogoSenoic Erucic
C22:2 oJ-6 (or n-6) |cis PUFA |A13,16-Docosadienoic
C22:6 J-3 (orn-3) |cis PUFA |A4;7,10,13,16,19-Docosa- Docosahexaenoic DHA
hexaenoic
C24:0 SFA Tetracosanoic Lignoceric
C24:1 oJ-9 (or n-9) |cis MUFA |A15-Tetracosenoic Nervonic
a Do notin¢lude trans fatty acidsin MUFA and PUFA sums.
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Table A.2 — Abbreviations

FAME |Fatty acid methyl ester MUFA Monounsaturated fatty acids

FA Fatty acid PUFA Polyunsaturated fatty acids

GLC Gas liquid chromatography LC-PUFA Long chain polyunsaturated fatty acids

MTBE |Tert-Butyl methyl ester -3 (or n-3) |Omega-3 fatty acids

MeOH |Methanol -6 (or n-6) |Omega-6 fatty acids

R Resolution factor ®-9 (or n-9) |Omega-9 fatty acids

RF Response factor LA Linolenic acid (C18:2 all cis-9,12 or n-6)

RT Retention time ALA Linolenic acid (C18:3all ¢is-9,12,15 or n-3) also {alled
a-linolenic acid

TAG Triacylglycerol ARA (AA) Arachidonic acid (C20:4 all cis-5,8,11,14;1%-0r n-6)

TFA Trans fatty acid EPA Eicosapentaenoic acid (C20:9 all cis-518,11,14,17| or n-3)

CLA Conjugated linoleic acid (C18:2 cis- DHA Docosahexaenoic acid (C22:6 alt:.cis*4,7,10,13,16{19 or n-3)

9,trans-11, also called rumenic acid

SFA Saturated fatty acids OFA Other fatty acids [sum of:unknowns (i.e. unidentified), less
important, less abundant.er not considered (i.e.[branched)
fatty acids]. OFA are ot included into TFA, SFA,|MUFA and
PUFA sums.
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Annex B
(informative)

Examples of the gas-liquid chromatographic analysis

tA11

C18:0 (stearic acid)
C18:1 cA9 (oleic acid) + cA10
C18:2 ¢A9,12 (linoleic acid)

C18:2 cA9,111 (conjugated linoleic/acid)

tA10
tA12
‘—
tA15

" ©18:3 ¢A9,12,15 (a-linolenic acid)

C19:0

tA16 (cA14)

C20:0 (arachidic agid)

cA13

‘_,",:- C20:1 (eicosenoic acid isomers)

: ﬂ{-} § J G =
Y i, il
C18:1 TFA £18:2 TFA C18:3 TFA

Figure B.1|— Example of GCchromatogram of milk product (enlarged view of C18:1 TFA, C18:2
TFA, C18:3 TFA and CLA) using split injection
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Figiire B.2 — Example of GC chromatogram of milk product (enlarged view of C18:1 [TFA, C18:2
TFA, C18:3 TFA and CLA)-using on-column injection
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pa ] T
Sd; g C18:1 cA9 (oleic acid) + cA10
o] 2
] In N Wi
55
] NS JaN Ja\
" il LT . L e TV . T T e
L A 2
ST s il
C18:11trans C18:1cis
oade Tr _

C18:1 cA9 (oleic acid) + cA10

‘R=1.02

. B il \ e
C18:1trans C18:1cis

Figure B.3 — Example of GC chromatogram (insufficient and sufficient resolution betwe¢n
C18:1 cis and trans isomers)
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Figyre B.4 — Example of GC chromatogram (GLC-Nestle36 standard) using split inje¢
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Label /100ga  f.° g/100gb
C18:2n-6 0532 4,788
C18:3n-3 0,0550%" 0,495
C20:4 n-6 0019 0,171
C22:6n-3 0,009 0,081
SFA O 1,278 11,502
MUFA \.Q‘(\}' 1,075 9,675
pura( 0,620 5,580
‘1}\% 0,009 0,081
~ w-3 0,065 0,585
7 w6 0,555 4,995
NS
\0'_, w-9 1,069 9,621
Q% a  Reconstituted product (25 g + 200 g water).
?9‘ b Powder.
NOTH nsaturated and polyunsaturated fatty acids are indicated counting from the terminal methyl
carbgn t s the carbonyl carbon (designated as n or w).

Figure B.6 — Example of GC chromatogram of infant formula (containing deodorized vegetable
oils) using split injection mode
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C14:0
C14:1 cis-71
C16:0
C18:0

C16:1 cis-9

C15:0

C17:0 anteiso

C15:( anteiso
C16:1 cis-7

C17:0

C14 iso
C15:0 iso
C16:0 iso
C17:0 iso
CAEA1

U WL S S

| | ) |
28 30 32 34 36 \3B 40 42

e B.7 — Example of GC chromatograms (enlarged view) for branched fatty acids
identification in dairy products.using split injection mode
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Table B.1 — Stoichiometric factors (Si FA) for converting fatty acid methyl esters (FAME) to

fatty acids (FA)
Chain . . . L. FAME FA TAG .
length Configuration and group Abbreviation Molecular Molecular | Molecular SiFA
mass mass mass

C4:0 SFA 102,1 88,1 302,4 0,863
C6:0 SFA 130,2 116,2 386,5 0,892
C8:0 SFA 158,3 144,2 470,7 0,911
€10:0 SFA 186,3 172,3 554,9 0,925
C12:0 SFA 7144 700,3 6390 ] | 0935
C14:( SFA 242,4 2284 y 0,942
C14:1 -5 (orn-5) | cis MUFA 240,4 2264 | 7174 0,942
C15: SFA 256,4 2424 7653 0,945
C15:1 -5 (orn-5) | cis MUFA 254,4 24007 | 7592 0,945
C16:( SFA 2705 | (2564 807,3 0,948
C16:1 w7 (orn7) | cis MUFA 2685 , N\ 2544 801,3 0,948
C17:(0 SFA 2845 O] 2705 849,4 0,951
C17:1 w7 (orn7) | cis MUFA 2825 268,4 843,4 0,950
C18:( SFA 2985 284,5 891,5 0,953
C18:] TFA transa O 2965 282,5 8855 | | 0953
C18:1 ©-9 (orn-9) | cis MUFA O] 295 282,5 885,5 0,953
c18:4 TFA transa N 294,5 280,5 879,4 0,952
C18:2 -6 (orn-6) | cis PURA  |La 0O 294,5 280,5 879,4 0,952
C18:1 CLA |w-7 (orn-7) |cis/trans |PUFA Q@ B 294,5 280,5 879,4 0,952
C18:3 ©-6 (orn-6) |cis PUFA  SHFALA 292,5 2784 8734 0,952
C18:4 TFA transa oY 292,5 2784 8734 0,952
C18:3 w-3(orn-3) |cis  |[RUFA 292,5 279,4 8734 0,952
c20: _(O)fsea 326,6 312,5 975,7 0,957
C20:1 w9 (orn-9) |cis. ) |MUFA 324,6 310,5 969,6 0,957
€20:3 -6 (or n-6) _{zis~ PUFA 322,5 308,5 963,6 0,957
C20:3 w-6 (or n:69) cis PUFA 320,5 306,5 957,5 0,956
C20:3 -3 (03] |cis PUFA 320,5 306,5 957,5 0,956
€204 wb(6rn-6) |cis PUFA  |ARA 318,5 304,5 951,5 0,956
C20:1 %3 (orn-3) |cis PUFA  |EPA 316,5 302,5 945,4 0,956
c21:q N\ SFA 340,6 326,6 10178| | 0959
c22:0—= SFA 3546 346:6 165991 | 0960
c22:1 ©-9 (orn-9) |cis MUFA 352,6 338,6 10538 | 0960
c22:2 ©-6 (or n-6) | cis PUFA 350,6 336,6 10478 | 0960
C22:6 w-3 (orn-3) |cis PUFA  |DHA 342,5 328,5 10236 | 0959
C24:0 SFA 382,7 368,7 11440 | 0963
C24:1 ©-9 (orn-9) |cis MUFA 380,7 366,6 11379 | 0963
a Do not include trans fatty acids in MUFA and PUFA sums.
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N° | Concentration |Injection number 1 2 3 Response RSD
inm/v (%) [File name a b c factor %
Injection date (dd/mm/yy) X X X related to
2.70 Internal standard area 143.09 143.77 14413 C11:0 FAME (<2.0)
1 2.70 C4:0 86.01 87.02 88.25 1.651 0.9
2 2.70 C6:0 106.80 107.88 108.02 1.337 0.3
3 2.70 C8:.0 131.75 132.23 132.56 1.088 0.1
4 2.70 C10:0 142.31 142.25 142.88 1.009 0.3
5 2.70 C11:0 143.09 143.77 144.13 1.001 0.0
6 2.70 C12:0 146.70 145.88 147.14 0.981 0.5
7 2.70 C13:0 146.89 147.02 147.98 0.976 0.2
8 2.70 C14:0 147.76 148.45 149.03 0.969 0.1
9 270 C-14:1 cis-9 (n-5) 144.98 145.06 145.75 0.990 0.2
10 270 C-15:0 150.04 150.66 151.13 0.955 0.0
11 270 C-15:1 ¢is-10 (n-5) 145.65 146.08 147.06 0.983 0.2
12 540 C-16:0 300.12 299.88 301.00 0.957 0.3
13 270 C-16:1 cis-9 (n-7) 146.32 147.13 147.67 0.978 0.1
14 270 C-17:0 148.76 149.25 150.08 0.963 0.2
15 270 C-17:1 ¢is-10 (n-7) 147.32 149.01 149.78 0.96% 0.5
16 270 C-18:0 150.01 148.99 149.09 0.963 0.7
17 270 C-18:1 trans-9 (n-9) 149.98 147.88 149.99 0.963 0.9
18 270 C-18:1 cis-9 (n-9) 151.02 149.89 150.08 0.957 0.7
19 270 C-18:2 all trans-9,12 (n-6) 151.98 150.26 151.77 0.950 0.8
20 270 C-18:2 all cis-9,12 (n-6) 149.76 150.91 151.25 0.955 0.2
21 270 C-18:3 all cis-6,9,12 (n-6) 154.67 153.98 15445 0.932 0.5
22 2.70 C-18:3 all cis-9,12,15 (n-3) 149.02 148.78 14825 0.967 0.6
23 270 C-20:0 154.03 156.02 165.54 0.927 04
24 270 C-20:1 cis-11 (n-9) 154.00 153.90 155.36 0.931 04
25 270 C-20:2 all cis-11,14 (n-6) 153.94 152.09 154.03 0.938 0.8
26 270 C-20:3 all cis 8,11,14 (n-6) 154.56 153.88 155.09 0.931 0.5
27 270 C-20:3 all cis-11,14,17 (n-3) 153.45 153.60 154.46 0.935 0.2
28 270 C-20:4 all cis-58,11,14 (n-6) 151.03 151.05 150.99 0.952 04
29 270 C-20:5 all cis-5,8,11,14,17 (n-3) 152.25 153.45 152.00 0.943 0.6
30 270 C-21:0 153.45 154.56 154.77 0.932 0.1
31 270 C-22:0 152.03 151.88 152.66 0.945 0.3
32 270 C-22:1 cis-13 (n-9) 15456 154.89 153.88 0.931 0.6
33 270 C-22:2 all cis-13,16 (n-6) 154.65 155.05 154.33 0.930 0.5
34 270 C-22:6 all cis-4,7,10,13,16,19 (n-3) 146.88 147.14 146.99 0.978 0.3
35 270 C-24:0 153.40 154.07 155.33 0.932 0.3
36 270 C-24:1 cis-15 (n-9) 155.99 154.67 155.25 0.926 0.7
[ ] 99.99 [Total area 5435.16 5438.51 5458.02 |
Rf Graph of responsefactors (RF) related to C11:0 internal standard
22
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Figure B.8 — Example of calculation of response factors using a spreadsheet programme
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Analysis report Rep 1 Rep2 Instrument information
Test portion (mg) oil or product 3104.00( 3097.00 Capillary column X
Sample preparation date @a/mmyy) X X Column size X
Sample T Y
preparation Gf: m;ect:on date (ga/mmyy) X X Injec_tlon mode X
Injection number 1 2 Carrier gas X
File name X X
C-11:0 FAME Internal standard amount (mg) 3.049 3.049 Total Total
Ref:'t’;';se C-11:0 FAME Internal standard area 147.00| 14655 Product F‘;\‘aT Fatty
related to C-13:0 (TAG) Internal standard amount (mg) 3.042 3.042 Acids
c11:0 C-13:0 (TAG) Internal standard area 150.71| 149.88| Rep1 | Rep2 | Mean | SD RSD | Mean | Mean
Preparation date (gammyy) X X (n=2) % (n=2) (n=2)
1651 [C40 butyric 0.000] 0.000] 0.000] 0.000 0.000| 0.000
1337  |C60 caproic 0.000| 0.000| 0.000| 0.000 +_q.000| 0.000
1.088 [C80 capryic 0.000| 0.000| 0.000| 0.000 N ~9.000] 0.000
1.009  [C10:0 capric 0.000| 0.000| 0.000| 0.000] _C\ | ¢.000] 0.000
0981 |C120 lauric 0.53 0.52| 0.000| 0000 0000 0000/." | A0[ qo016| 0018
0969 |C14:0 myristic 10.51|  10.46| 0.006| 0.006| 0.006| 0,008D)° 00| (313 0349
0.990 |C14:1 n-5 (or>-5) |a9 myristoleic 0.000| 0.000| 0.000| (6,000 .000|  0.000
0955 |C150 pentadecanoic 3.16 319 0.002| 0.002| 0.002]~0-:000 10| Q094| 0.105
0983 |C15:1 n5(ora-5) |a10 pentadecenoic 0.000| 0.000| 0.000{ 0.000 000| 0.000
0957 |C16:0 paimitic 620.98| 631.26] 0382 0.385/(0383| 0002 05 14693 20862
0978 |C16:1 n7(ore-7) [a9 palmitoleic 9.21 9.24| 0.006| 0.0064~0.006| 0000/ 06| (280 0312
0963 |C17:0 margaric 3.85 3.89| 0.002| @.002] 0.002| 0.000 1.1 116  0.129
0967 |C17:1 n7(ore-7) |a10 heptadecenoic 1.72 1.79| 0.001| (0,001| 0001| 0000 32| ¢.053| 0059
0963 |C180 stearic 4862| 48.94| 0030 0030 0030 0000 08| {463 1633
0.963 |C18:1 TFA total trans 0.95 0.93| €©.0p1| 0001| 0001 0.000 1.1 028 0.031
0957 |C18:1 -9 (ore-9) |[a9 oleic & others cis 667.08| 673.28],/0406| 0.412| 0.409| 0.004 10| 19.968| 22286
0950 |C18:2 TFA total trans 4.86 499| "0.003| 0003| 0.003] 0000 22[ (146 0.163
0955 [C18:2 n-6 (ora-6) |[a9,12 noleic (LA) 1446.38| 1458)00| 0.878| 0.890| 0.884| 0.008| 09| 43.135 48.141
0.955 |C18:2CLA |n7(ore-7) |a0cttt conjugated noleic o 0.000| 0.000| 0.000| 0.000 000| 0.000
0932 [C18:3 -6 (ora-6) |a6,9,12 gamma-inolenic N 0.000/ 0.000| 0.000| 0.000 000[ 0.000
0.967 |C18:3 TFA total trans \1.03| 1.09| 0.001| 0.001| 0001| 0000 44| ¢.032| 0036
0967 |C18:3 n3(ore-3) |a9,12,15 apha-inoenic (ALA) | _~$3.92|  64.68| 0039 0.040| 0.040| 0.000 12| 1935 2160
0927 |C20:0 arachidic N 537 5.36| 0.003| 0.003| 0003| 0000 02| ¢.155| 0174
0931 |C20:1 n9(ore-9) a1t ecoseoc | 13.52|  13.73| 0008| 0.008| 0008 0.000 15| (397| 0443
0938 |C20:2 n-6 (ora-6) [a11,14 eicosadienoic % \J 2.06 210 0.001| 0.001| 0.001| 0.000 17| Q061| 0.068
0931 |C20:3 n6 (or-6) [as,11,14 eicosatriéngle (DHGLA) 0.000/ 0.000| 0.000| 0.000 .000| 0.000
0935 [C20:3 n-3(oro-3) [at1,14,17 eicaatfendic 0.000| 0.000| 0.000 0.000 000 0.000
0952 |C20:4 n-6 (ora-6) [a5,8,11,14 faracyonic 244 250/ 0.001| 0.002| 0002| 0000 2.1 073|  0.082
0.943 |C20'5 n-3(oro-3) [45,8,11,14,17  leicos ic (EPA) 8.38 8.33| 0005/ 0005 0005/ 0000 00| ¢246| 0275
0945 |C22:0 < \\[benenic 3.96 3.88[ 0.002| 0.002| 0.002| 0.000 1.1 116  0.130
0931 |C22:1 n9(oro-9) a3 "N\ enucie 0.000| 0.000| 0.000| 0.000 000| 0.000
0930 |C222 n-6 (or-6) |«T3, 16~ docosadienoic 0.000| 0.000| 0.000| 0.000 000[ 0.000
0978 |C22:6 n-3 (0r 03 |A%7/10,13,16,19 _[docosahexaenoic (DHA) 30.08) 30.29| 0019 0019 0019 0000/ 09| Q926 1033
0932 |C24:0 ~ ignoceri 3.71 3.72| 0.002| 0.002| 0002| 0000 06| @¢.109| 0122
0926 |C24:1 n-9resd) |ars nervonic 0.000/ 0.000| 0.000| 0.000 000|  0.000
0953 [OFA | SO‘ other fatty acids 4269  41.37| 0026 0.025] 0.026] 0.000 18] {248] 1302
| Tdtal o | 300401 302354 1826| 1848 1.837| 0.015) 08| 89.601|100.000]
| Tdtal trans fattyacids | 0004 0.004] 0.004| 0000 21| q206| 0.230]
|Tmnseste\‘k@3;\ performance | 99.7| 99.5| 99.6| 0.2| 0.2|
E tr%{s& AT (%) Method used [ |

Figure B.9 — Example of calculation of fatty acids using a spreadsheet programme
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Annex C
(informative)

Results of an interlaboratory trial

An interlaboratory test on the precision of the method was organized in 2013 to 2014 by IDF/ISO and
AOAC/SPIFAN in which 18 laboratories participated.[16] The values derived from this interlaboratory

test may nof
More infornj
The followi
1. Fullcre
Full cre
Full cre
Butter

Soft che

Adult niitritional milk protein powder (fat 17,44 %);

2

3

4

5

6. Infantf
7

8. Infantf
9

Infant fi

10. Infant fi

be applicable to concentration ranges and matrices other than those given.

lation on the validation of the method can be found at http://standards.iso.org/iso/16958

1g 12 products were used for the collaborative trial:
hm milk powder (fat 26,27 %);

hm liquid milk (fat 3,55 %);

hm (fat 35,27 %);

fat 82,93 %);

ese (fat 13,29 %);

brmula powder (fat 25,67 %);

prmula partially hydrolyzed soy powder{fat 26,01 %);
prmula milk powder milk based (fat28,38 %);
brmula RTF (liquid) milk based (fat 3,57 %);

11. Adult nItritional RTF (liquid) high'protein (fat 3,58 %);

12. Adultn
The followiy
No. of labor{
Mean

Sr

tritional RTF (liquid)high fat (fat 8,61 %).

1g abbreviations@re used in the tables:

itories  is thestumber of lab value considered
is’'mean value calculated, in g/100 g product

is the repeatability standard deviation, in g/100 g product

RSD,
r

SR
RSDp
R

Table C.1 co

is the relative repeatability standard deviation, in %

is the repeatability, in g/100 g products

is the reproducibility standard deviation, in g/100 g product
is the relative reproducibility standard deviation, in %

is the reproducibility, in g/100 g product

ntains data from the collaborative study, calculated as g fatty acids/100 g product for the

group of labelled fatty acids (trans fatty acids (TFA), saturated fatty acids (SFA), monounsaturated fatty
acids (MUFA), polyunsaturated fatty acids (PUFA), omega-3, omega-6, and omega-9) and individual
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fatty acids (linoleic acid (LA), a-linolenic acid (ALA), arachidonic acid (ARA), eicosapentaenoic acid
(EPA), docosahexaenoic acid (DHA)).

Table C.1 — Precision data for the group of labelled fatty acids

Sa::);.)le Product lab(l)\lr(;t(())fries Mean sr |RSDy| r sk |RSDgr| R
Trans fatty acids (TFA) total
1 Full cream milk powder 17 1,032 (0,035| 3,4 |0,098| 0,115 | 11,2 (0,322
2 Full liquid milk 17 0,167 |0,005| 2,8 |0,013| 0,015 | 8,7 |0,041
3 Full cream 17 1,624 |0,061| 3,7 |0,170| 0,178 | 11,0 | 0,500
4 Butter 17 4,235 10,128 | 3,0 |0,357| B 5 10,4 | 1,233
5 Cheese (extracted fat) 12 5,056 | 0,174 | 3,4 |0,486¢° A ‘,‘5:362 11,1 | 1,573
6 IF powder 16 0,073 |0,007| 9,8 @)@) 0,024 [ 32,9 |0,067
7 Adult nutritional milk protein powder 15 0,056 | 0,007 13, (Q,.(IJZO 0,013 | 23,5 0,037
8 IF partially hydrolyzed soy powder 18 0,091 0,015,. @6 0,042 | 0,036 || 40,0 | 0,101
9 IF milk based powder 17 0,109 0,Q(07:96,4 0,019| 0,032 [ 29,2 |0,089
1 IF RTF (liquid) milk based 17 0,027/'0,@)\2 8,0 [0,006| 0,006 | 21,3 |0,016
1] Adult nutritional RTF (liquid) high protein 16 0,9\“0,001 54 10,001| 0,004 | 38,5 |0,010
11 Adult nutritional RTF (liquid) high fat 11 &Yﬁo 0,001 | 10,0 | 0,003 | 0,004 | 42,5 |0,012
Saturated fatty acidg\é\FA)
1 Full cream milk powder 1&(\(\(0 15,116 | 0,255| 1,7 [0,713| 0,588 | 3,9 |1,646
2 Full milk && N 1,999 |0,018| 09 [0,050| 0,079 | 4,0 |0,222
3 Full cream A‘\w18 20,307 10,657 3,2 [1,838]| 1,161 | 57 |3,251
4 Butter (®) 18 48,527 ({0,938 | 19 [2,625| 2,431 | 5,0 |6,806
5 Cheese (extracted fat) AC\)L‘ 11 57,777 | 1,075| 19 |(3,010| 3,009 52 |8,424
6f [IF powder O 16 7309 0,106 1,4 0297 0174 | 2.4 [0,486
7 Adult nutritional milk prote'i\rQRE)wder 17 1,753 0,035 2,0 |0,097| 0,114 | 6,5 |0,319
8 [F partially hydrolyzed,s.(@\o‘wder 18 9,841 |0,231| 2,3 |0,646| 0,580 59 |1,623
9 IF milk based powd;r\p 16 11,247 | 0,157 | 1,4 |0,440| 0,216 | 19 |0,604
1 IF RTF (liquid) Q@ﬁsed 16 1,433 {0,018| 1,2 |0,050| 0,033 | 2,3 [0,091
11 | Adult nutritjodaRTF (liquid) high protein 18 1,430 |0,051| 3,6 |0,144] 0,072 | 50 |0,202
11 Adult m(l\tQ%al RTF (liquid) high fat 17 1,945 0,060 3,1 |0,168| 0,085 | 4,4 |0,238
\0\(\ Monounsaturated fatty acids (MUFA)
1 r;am milk powder 17 5411 |0,137| 2,5 |0,385| 0,230 | 4,3 |0,644
2 C-*l}ll liquid milk 17 0,717 |0,009| 1,2 (0,025| 0,051 | 71 |0,142
3 = Futicream 18 7,253 0,265 3,7 0,743 0,638 8,8 (1,787
4 Butter 17 17,041 | 0,535| 3,1 |1,498| 0,881 | 52 (2,468
5 Cheese (extracted fat) 11 18,894 | 0,356 | 1,9 |0,997 | 1,309 6,9 |3,666
6 IF powder 16 11,148 | 0,236| 2,1 |0,661| 0,629 | 56 |1,760
7 Adult nutritional milk protein powder 16 10,574 10,242 | 2,3 |0,678| 0,590 | 5,6 |1,653
8 [F partially hydrolyzed soy powder 16 7,230 [0,115| 1,6 [0,323| 0,354 4,9 10,990
9 IF milk based powder 17 9,213 |0,265| 2,9 [0,742| 0,381 | 4,1 |1,067
10 IF RTF (liquid) milk based 15 1,174 |0,014| 1,2 |0,039| 0,055 | 4,7 |0,154
11 gf;‘tl;l:“t”tio“al RTF (liquid) high 17 0966 |0,034| 3,5 [0,094| 0,083 | 86 |0,234
12 Adult Nutritional RTF (liquid) high fat 15 4,552 |0,115| 2,5 |0,322| 0,228 | 5,0 [0,639
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Table C.1 (continued)
Sa::fle Product lab(l)\lr(;tzi'ies Mean sr |RSDy| r sk |RSDgr| R
Polyunsaturated fatty acids (PUFA)
1 Full cream milk powder 14 0,751 |0,013| 1,7 |0,035| 0,040 54 (0,113
2 Full liquid milk 18 0,107 (0,004| 3,4 |0,010| 0,007 7,0 10,021
3 Full cream 15 1,040 [0,036| 3,4 [0,100| 0,072 | 69 |0,201
4 Butter 18 2,775 10,070| 2,5 [0,195| 0,206 | 74 |0,576
5 Cheese (extracted fat) 12 2,795 100701 2,5 101971 0312 | 11.2 10,874
6 IF gowder 16 4,292 |0,074| 1,7 |0,206| 0,117 | 2,7v])p,328
7 Adylt nutritional milk protein powder 17 2912 |0,060( 2,1 |0,169| 0,149 n%l‘ 0,416
8 [F pgartially hydrolyzed soy powder 18 6,063 |0,293| 4,8 |0,822| 0, 37 N ’V8,9 1,505
9 IF milk based powder 18 5,340 | 0,160 | 3,0 |0,448 (@4'& 4,6 |9,685
10 IF RTF (liquid) milk based 16 0,639 |0,010| 1,5 0,9&7h\‘?)1,033 51 [P,091
11 Adylt nutritional RTF (liquid) high protein 18 0,692 |0,027| 39 @?% 0,039 | 57 |p110
12 |Adylt Nutritional RTF (liquid) High fat 17 1,129 |0,046| 4,d<[0,128] 0,060 | 53 |p,169
Omega-3 fatty acids (w-3) ’_Q -
1 Ful] cream milk powder 18 0,147 O,@%) 39 |0,016| 0,011 7,3 19,030
2 Full liquid milk 16 0,022‘ ‘\%060 1,8 |0,001| 0,001 6,4 ,004
3 |Fullcream 17 0,235 10,008 36 [0,024] 0,022 | 92 |po61
4 |Butfer 18 0637 0,017 2,7 [0,049] 0,041 | 64 |p114
5 Cheese (extracted fat) 12 0}\*0,580 0,011 2,0 |{0,032| 0,068 | 11,7 |P,190
6 IF gowder IQ\A\ 0,524 [0,008| 1,5 [0,022| 0,023 | 4,5 |p,066
7 Adylt nutritional milk protein powder \L%J 0,494 (0,010| 2,0 |0,028| 0,029 5,8 ,080
8 [F pgartially hydrolyzed soy powder ,.’\\C)\ 17 0,643 |0,030| 4,6 |0,083| 0,052 | 8,1 |pP,147
9 [1F rhilk based powder T 0,569 [0,022| 39 |0,062| 0,030 | 53 |,085
10 IF RTF (liquid) milk based /\@ ) 18 0,059 |0,004| 7,0 |0,012| 0,005 84 (D014
11 Adylt nutritional RTF (liquid) h@],\p‘gotein 18 0,121 |0,006| 4,8 |0,016| 0,008 | 6,6 |p,022
12 Adylt nutritional RTF (liqtﬂc@igﬁ fat 17 0,110 (0,005| 4,2 |0,013| 0,008 7,5 |P,023
(-A\‘O Omega-6 fatty acids (w-6)
1 Ful] cream milk poJ 16 0,387 [0,013| 3,2 [0,035| 0,019 | 50 |p,054
2 Full liquid milk‘v\\<~ 18 0,051 |[0,002| 3,8 |0,005| 0,003 6,6 [P,009
3 Ful creamA&)‘ 15 0,478 |0,024| 49 |0,066| 0,037 | 78 |p,104
4 Butter,(?‘\ 17 1,172 |0,029| 2,4 |0,080| 0,074 | 6,3 |P,207
5 Cheegje;(tracted fat) 11 1,262 |0,033| 2,6 |0,093| 0,066 | 52 [p,183
6 IF powder 16 3,764 (0,071 19 |0,200| 0,108 | 2,9 |0,301
7 Adult nutritional milk protein powder 17 2,414 |0,051| 2,1 (0,144 | 0,127 53 0,357
8 [F partially hydrolyzed soy powder 18 5419 (0,252| 4,7 (0,706| 0,486 | 9,0 (1,360
9 IF milk based powder 18 4,764 |0,140| 2,9 [0,393| 0,220 | 4,6 |0,615
10 IF RTF (liquid) milk based 16 0,579 |0,008| 1,4 |0,023| 0,029 5,0 (0,080
11 Adult nutritional RTF (liquid) high protein 18 0,571 [0,022| 3,8 |0,061| 0,033 | 58 (0,093
12 Adult nutritional RTF (liquid) high fat 17 1,019 |0,041| 4,0 |[0,115| 0,054 53 (0,151
Omega-9 fatty acids (w-9)

1 Full cream milk powder 17 4,786 |0,135| 2,8 |0,377| 0,211 | 4,4 |0,590
2 Full liquid milk 17 0,631 (0,008| 1,3 [0,024| 0,049 7,7 10,136

32 © ISO and IDF 2015 - All rights reserved


https://standardsiso.com/api/?name=7076d87af10416f285c9fe8987047dc2

ISO 16958:2015(E)

IDF 231:2015(E)
Table C.1 (continued)
Sa::fle Product lab(l)\lr(;t(())fries Mean sr |RSDy| r sR |RSDgr| R
3 Full cream 18 6,400 (0,242| 3,8 |0,678| 0,578 | 9,0 [1,620
4 Butter 17 15,033 | 0416 | 2,8 |1,165| 0,782 | 52 |2,190
5 Cheese (extracted fat) 11 16,538 |0,306| 1,9 |0,857| 1,150 7,0 13,221
6 IF powder 16 11,104 | 0,238 | 2,1 |0,666| 0,629 | 57 |1,761
7 Adult nutritional milk protein powder 16 10,542 (0,241| 2,3 [0,676| 0,588 | 56 |1,646
8 IF partially hvdrolvzed soy powder 16 7195 101151 1.6 103231 0,352 49 10,985
9 IF milk based powder 17 9,166 |0,264| 2,9 [0,740| O, K@ 4,1 (1,061
1 IF RTF (liquid) milk based 15 1,169 |0,014| 1,2 |0,038 q@SS 4,7 (0,154
11 Adult nutritional RTF (liquid) high protein 17 0,961 |0,034| 3,5 0,9& N 0,083 8,6 0,232
11 Adult nutritional RTF (liquid) high fat 15 4,543 |0,115| 2,5 (~6§i1 0,228 | 5,0 |0,639
Linoleic acid (LA, C18:2 n-6) .
1 Full cream milk powder 17 0,339 |0,0094~276 |0,024| 0,021 [ 6,3 0,059
2 Full liquid milk 18 0,044 O,@Z\ 3,5 [0,004| 0,003 76 |0,009
3 Full cream 16 0,42’1\</0,\0J19 4,6 |0,054| 0,046 || 10,9 |0,129
4 Butter 18 1@\5) 0,033| 3,3 [0,094| 0,079 | 78 |0,223
5 Cheese (extracted fat) 11 ) \%}0‘36 0,025| 2,4 |0,071| 0,122 | 11,8 |0,343
6 IF powder 16 0:\ 3,690 | 0,065 1,8 [0,182| 0,104 | 2,8 |0,293
7 Adult nutritional milk protein powder 1\7\\9' 2,406 |0,051| 2,1 |0,144| 0,127 | 5,3 |0,356
8 IF partially hydrolyzed soy powder . 0\,@ 5,253 10,239| 4,6 |0,670| 0,446 8,5 [1,248
9 IF milk based powder _\A 18 4,584 10,131| 2,8 |0,366| 0,196 | 4,3 |0,550
1 IF RTF (liquid) milk based \‘J 16 0,553 |0,007| 1,2 |[0,019| 0,028 | 5,0 |0,077
1] Adult nutritional RTF (liquid) hlgp_p{&b 18 0,569 |0,021| 3,7 |0,059| 0,033 | 5,8 |0,093
13 Adult nutritional RTF (liquid) hlgh"f?at 17 1,017 |0,041| 4,0 |(0,115| 0,054 | 53 |0,150
PR 'a-Linolenic acid (ALA, C18:3 n-3)
1 Full cream milk powde(‘,\') 18 0,130 [0,004| 3,2 |0,012| 0,007 || 5,6 [0,021
2 Full liquid milk ,-O < 18 0,020 |0,001| 3,0 [0,002| 0,002 [ 8,6 |0,005
3 Full cream (-A\‘O 17 0,210 |0,007| 3,4 [0,020| 0,016 [ 7.6 |0,044
4 Butter AOJ 18 0,574 |0,017| 29 |0,047| 0,035 | 6,2 |0,099
5 Cheesiwcted fat) 12 0,508 |0,009| 1,8 |0,025| 0,048 | 9,5 |0,136
6| |IF powder 16 0,457 [0,006| 1,4 |0,018| 0,022 | 49 [0,063
7] /\AWt nutritional milk protein powder 17 0,493 |0,010| 2,0 |0,028| 0,029 | 5,8 |0,080
8 CJ ﬁ: partially hydrolyzed soy powder 15 0,570 |0,011| 1,9 |0,031| 0,035 6,2 0,099
9 IF milk based powder 18 0,482 |0,015| 3,1 [0,042| 0,023 | 49 |0,066
10 IF RTF (liquid) milk based 18 0,048 |0,003| 6,0 |0,008| 0,004 | 77 |0,010
11 Adult nutritional RTF (liquid) high protein 18 0,121 |0,006| 4,8 |0,016| 0,008 6,6 0,022
12 Adult nutritional RTF (liquid) high fat 17 0,109 |0,004| 3,8 |0,012| 0,007 | 6,2 |0,019
Arachidonic acid (ARA, C20:4 n-6)

1 Full cream milk powder 15 0,025 [0,001| 4,2 |0,003| 0,006 | 254 |0,018
2 Full liquid milk 15 0,003 |0,000( 3,2 [0,000| 0,001 | 19,0 |0,002
3 Full cream 15 0,031 |0,002| 8,0 [0,007| 0,007 | 23,9 |0,021
4 Butter 16 0,072 |0,002| 2,7 [0,005| 0,018 | 24,6 | 0,049
5 Cheese (extracted fat) 12 0,089 (0,018 | 20,7 |0,051| 0,030 | 33,7 (0,084
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Table C.1 (continued)
Sa::fle Product lab(l)\lr(;tzi'ies Mean sr |RSDy| r sk |RSDgr| R

6 IF powder 15 0,059 |0,004| 6,2 |[0,010| 0,006 | 10,7 |0,018
7 Adult nutritional milk protein powder Not detectable/not evaluated
8 IF partially hydrolyzed soy powder 15 0,146 |0,004( 3,0 |0,012| 0,011 7,3 10,030

IF milk based powder 16 0,165 |0,006| 3,8 |0,018| 0,010 | 6,3 |0,029
10 IF RTF (liquid) milk based 13 0,023 (0,000 2,1 |0,001| 0,001 | 3,6 |0,002
11 Adyltnutritional RTF (liquid) high protein Not detectable/not evaluated
12 Adylt nRTF (liquid) high fat Not detectable/not evaluated ,\@

Eicosapentaenoic acid (EPA, C20:5 n-3) (]Q )
1 Full] cream milk powder 16 0,016 |0,002| 13,4 | 0,006 0,% "56,8 0,012
2 Ful] liquid milk 14 0,002 |0,000| 6,8 |0,000 (@6 10,3 |p,001
3 Ful] cream 14 0,023 |0,001| 5,0 0,91{3”\\6,,004 17,3 |p,011
4 |Butfer 15 0,055 [0,003]| 55 |0,009] 0,007 | 134 |p021
5 Cheese (extracted fat) 12 0,069 (0,007 10f§\ TOZO 0,018 | 25,3 (9,049
6 IF gowder 11 0,012 O,OOLQ(),?BJ 0,002| 0,001 | 8,3 |P,003
7 Adylt nutritional milk protein powder Not det@Me/not evaluated
8 IF partially hydrolyzed soy powder Nolt‘d%ec‘table/not evaluated
9 IF milk based powder l&’t\l\;tectable/not evaluated
10 IF RTF (liquid) milk based \’@Bt detectable/not evaluated
11 Adylt nutritional RTF (liquid) high protein . O)Q\ Not detectable/not evaluated
12 Adylt nutritional RTF (liquid) high fat AA\ Not detectable/not evaluated
Docosahexaeno'{qé%i\'(}i (DHA, C22:6 n-3)

1 Ful] cream milk powder ,.’\\C)\ Not detectable/not evaluated
2 Ful] liquid milk . % Not detectable/not evaluated
3 Full cream A@ ) Not detectable/not evaluated
4 Butfer (')\') Not detectable/not evaluated
5 Cheese (extracted fat) ,O < Not detectable/not evaluated
6 |1Ffowder AN\ 16 | 0,055 [0,003] 6,0 [0,009] 0,005 | 85 [po13
7 Adylt nutritional mi r"étein powder Not detectable/not evaluated
8 IF partially hyd‘r@g;d soy powder 18 0,070 |{0,010| 13,8 |0,027| 0,010 | 14,6 |p,029
9 IF milk bas ‘der 17 0,087 {0,005| 55 |0,013| 0,005 | 55 |p,013
10 IF RTF@&%) milk based 14 0,011 |0,000| 2,5 (0,001| 0,001 | 68 |p,002
11 Ady l@t\ritional RTF (liquid) high protein Not detectable/not evaluated
12 Adult nutritional RTF (liquid) high fat Not detectable/not evaluated
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Table C.2 contains data from the collaborative study, calculated as g fatty acids/100 g product for all
other individual fatty acids (except those given in Table C.1).

Table C.2 — Precision data for all other individual fatty acids

Sa::);.)le Product lab(l)\lr(;t(())fries Mean | Sy |RSDy| r sk |RSDgr| R
C4:0
1 Full cream milk powder 16 0,846 |0,025| 2,9 [0,069| 0,103 | 12,2 |0,289
2 Full milk 16 0,115 |0,002| 2,1 |0,007| 0,013 | 11,4 |0,037
3 Full cream 17 1,215 |0,072| 59 |0,202| 0,119 | 9,8 |0,334
4 [Butter 16 2934 [0,087] 30 [0,243] 0407 | 139 | 1,139
5 Cheese (extracted fat) 13 3,028 | 0,161 | 5,3 |0,451¢ A 7}51 149 |1,263
6 IF powder Not detectable/not @%mated
7 Adult nutritional milk protein powder Not detectable/n&%@zﬁluated
8 IF partially hydrolyzed soy powder Not detecta,lg@ot evaluated
9 [F milk based powder Not detqgtgk,!)w/not evaluated
1 IF RTF (liquid) milk based Not}l'etQ\table/not evaluated
1] Adult nutritional RTF (liquid) high protein /@etectable/not evaluated
1% Adult nutritional RTF (liquid) high fat \\\ﬁot detectable/not evaluated
c6:0
1 Full cream milk powder 175?(\(0 0,500 |0,009| 1,8 [0,025| 0,021 || 4,1 |0,058
2 Full liquid milk &X N 0,068 (0,001| 1,1 |0,002| 0,003 | 3,8 [0,007
3 Full cream A’\‘ow 0,695 |0,025| 3,5 |0,069| 0,040 [ 57 |0,111
4 Butter (®) 18 1,682 |0,041| 2,4 [0,114| 0,088 | 52 |0,245
5 Cheese (extracted fat) AC\)L‘ 12 1,967 [0,054| 2,8 (0,152 | 0,095 49 0,267
6 |IF powder O 17 0,039 |0,003| 7,1 |0,008| 0,004 | 10,7 0,012
7 Adult nutritional milk prote'i\lmz)wder 12 0,005 |0,001| 12,8 |0,002| 0,002 || 30,4 (0,004
8 [F partially hydrolyzed,s.c@}‘wder 18 0,033 |0,002| 5,4 |0,005| 0,005 | 14,1 |0,013
9 IF milk based powd;r\p 18 0,042 |0,003| 6,1 |0,007| 0,006 | 151 |0,018
1 IF RTF (liquid) Q@a{sed 17 0,005 |0,000| 2,2 |0,000| 0,001 | 11,3 |0,002
1] Adult nutrit}e@ﬁTF (liquid) high protein 13 0,002 |0,000| 4,1 |0,000| 0,000 | 13,2 | 0,001
11 Adult nt&@i}ﬁal RTF (liquid) high fat 8 0,002 | 0,000 12,2 {0,001 | 0,001 || 32,8 | 0,002
\Q\(\ C8:0
1 ream milk powder 17 0,291 |0,003| 1,1 |[0,009| 0,008 [ 2,8 |0,023
2 O\Rl}ll liquid milk 18 0,040 |0,000| 1,1 |0,001| 0,001 | 3,0 |0,003
3 = Futtcream 18 0,403 10,0147 3,5 0,039 0,021 5,2 0,058
4 Butter 17 0972 |0,022| 2,3 |[0,061| 0,029 | 3,0 |0,081
5 Cheese (extracted fat) 11 1,230 |0,019| 1,5 |0,053| 0,049 4,0 10,137
6 IF powder 16 0,446 (0,009| 2,1 |0,026| 0,014 | 3,1 |0,039
7 Adult nutritional milk protein powder 17 0,042 |0,001| 1,4 |0,002| 0,002 | 55 |0,007
8 [F partially hydrolyzed soy powder 16 0,382 {0,003| 0,8 [0,008| 0,016 4,1 10,044
9 IF milk based powder 17 0,415 |0,008| 1,8 [0,021| 0,020 | 4,7 |0,055
10 IF RTF (liquid) milk based 16 0,051 |0,001| 1,5 |[0,002| 0,002 | 3,6 |0,005
11 Adult nutritional RTF (liquid) high protein 18 0,708 |0,027| 3,8 |0,076| 0,039 | 54 |0,108
12 Adult nutritional RTF (liquid) high fat 16 0,821 |0,017| 2,1 |0,048| 0,030 | 3,6 |0,083
C10:0
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