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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
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ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.
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INTERNATIONAL STANDARD ISO 16931:2009(E)

Animal and vegetable fats and oils — Determination of
polymerized triacylglycerols by high-performance size-
exclusion chromatography (HPSEC)

1 cope

This [International Standard specifies a method using high-performance size-exclusion chrpmatography
(HPSEC) to determine the contents, as mass fractions, of polymerized triacylglycerols/(PTAGS) ir] oils and fats
which contain at least 3 % (from peak areas) of these polymers. PTAGs (strictly speaking|dimeric and
oligomeric triacylglycerols) are formed during the heating of fats and oils,.and thus, the methpd serves to
assess the thermal deterioration of frying fats after use.

This method is applicable to frying fats and fats and oils that have been thermally treated, proided that the
contgnt of PTAGs is at least 3 %. It can also be applied to the determination of polymers in fgts for animal
feedgtuffs, although in this case, the extraction method used can have an influence on the result.

NOTH For further details, see 1SO 6492[41,

2 ormative references
The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies.(For undated references, the latest edition of the¢ referenced
docufent (including any amendments) appliés.

ISO 661, Animal and vegetable fatswand oils — Preparation of test sample

3 Terms and definitions
For the purposes of this“International Standard, the following terms and definitions apply.
31

polymerized.triacylglycerols
PTAGs

consfituénts of heated fats and oils that are determined by HPSEC under the conditions spdcified in this
International Standard

NOTE The content of PTAGs is expressed as a percentage mass fraction, in grams per 100 g, of all peaks from
eluted polymerized and mono-, di-, and triacylglycerols (PTAGs, MAGs, DAGs, and TAGs).

4 Principle

The sample is homogeneously mixed with tetrahydrofuran (THF) and PTAGs separated by gel permeation
chromatography according to molecular size. The compounds are detected by means of a refractive index
detector.

NOTE For better resolution, two columns in series (2 x 300 mm) are used.

© 1SO 2009 — Al rights reserved 1
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5 Reagents

Use only reagents of recognized analytical grade.

WARNING — Attention is drawn to the regulations which specify the handling of hazardous

substances.

5.1
of water.

Technical, organizational and personal safety measures shall be followed.

Tetrahydrofuran (THF), for HPLC, possibly stabilized with butylhydroxytoluene (BHT), degassed, free

Ensure that the THF used as a diluent for the sample has the same water content as the eluent; otherwise a
negative peakcan be observed.

5.2

5.3 Extra
homogenize

NOTE E
monomeric TA

Toluene, for HPLC.

virgin olive oil, as standard reference: add 100 mg to 300 mg of oil to.f10 ml THH
the mixture.

tra virgin olive oil does not contain PTAGs and can be used to determinel the retention time
Gs.

6 Apparatus

Usual labora
6.1
6.2 HPLC

6.3 Injecti

ory apparatus and, in particular, the following.

Solvent reservoir, capacity 500 ml to 1 000 ml, with a polytetrafluoroethylene mobile-phase line fil

pump, pulseless, with a volume flow rate of 0;5.ml/min to 1,5 ml/min.

jon valve, with a 20 ul loop and a suitable syringe with a volume of 50 pl to 100 pl, or a su
autosamplef.

6.4 Stainlgss-steel columns, length 2 x300 mm, internal diameter 7,5 mm to 7,8 mm, packed

spheres, dia
50 nm").
NOTE TH

The use of g
theoretical pl

Maintain the

If necessary

meter 5 ym, of high-performance styrene-divinylbenzene co-polymer gel; of pore size 10 1

e chromatograms in Annex A show the required resolution with two columns.

guard column s recommended. The efficiency of the column, determined as the number,
ptes for monamefic TAGs, should be at least 6 000.

temperature of the column between 30 °C and 35 °C by means of a control device.

thencolumn can be stored in toluene (5.2), although experience has shown that it is bef

and

bf the

ter.

table

with
m or

n, of

ter to

keep the sys

em’running with THF.

6.5

Detector, temperature-controlled refractive index detector.

The ideal temperature for the detector is just above that of the column (30 °C to 35 °C).

6.6

6.7 Single-use syringes, capacity 1 ml.
1) 1nm=10A

2

Chromatography data system (CDS), to allow display and accurate quantification of the peak areas.

© I1SO 2009 — All rights reserved
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6.8 Nylon filters, pore size 0,45 ym2).

6.9 HPLC syringe, capacity 50 ul to 100 pl.

7 Sampling

It is important that the laboratory receive a sample which is truly representative and has not been damaged or
changed during transportation or storage.

Sampling is not part of the method specified in this International Standard. A recommended sampling method
is given in 1ISO 5555(1],

8 Preparation of test sample

The test sample shall be prepared in accordance with ISO 661.

9 Procedure

9.1 [ Starting up the HPLC equipment

It is gdvisable to follow carefully the manufacturers' recomniendations. Switch on the system and pump THF
at a yolume flow rate of between 0,5 ml/min and 1 ml/min_to,purge the whole system up to the injection valve.
Connect the column to the injection valve and wash it*with about 30 ml of THF. Connect the golumn to the
sample cell of the detector. Fill the reference celltwith THF. Adjust the mobile-phase flow] to between
0,5 ml/min and 1,0 ml/min. Wait until a convenientstabilization of the system (no appreciable dejiation of the
baseline) is obtained.

If theg column recommended in this subclause is used, an acceptable stabilization of the system should be
obtained in about 15 min. With other colimn packings, the stabilization of the system may be more difficult.
For ¢xample, changing the mobile phase should be done stepwise from toluene to THF, with different
mixtyres, each containing 25 % mere*THF. Acceptable stabilization is normally obtained in about 12 h.

The fpllowing conditions have been found to be suitable:

Colufnn: PLgel® 10 nm, 2 x 300 mm x 7,6 mm, 5 um;
Eluent: THF;

Flow 0,8 ml/min;

Column oven: 35 °C;

Detector: Rl set at 35 °C;

Injectinn volume: 20 !l|

2) Nalgene 4 mm Syringe Filter is an example of a suitable product available commercially. This information is given for
the convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.
Equivalent products may be used if they can be shown to lead to the same results.

3) PLgel is an example of a suitable product available commercially. This information is given for the convenience of
users of this International Standard and does not constitute an endorsement by ISO of this product. Equivalent products
may be used if they can be shown to lead to the same results.

© 1SO 2009 — Al rights reserved 3
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9.2 Preparation of test portion and analysis

Add about 100 mg to 300 mg of the test sample (Clause 8) to 10 ml of THF and homogenize. If necessary,

filter through

a nylon filter (6.8). Inject, with the HPLC syringe (6.9), 20 ul to 40 pl of that solution.

10 Expression of results

10.1 Qualitative analysis

The chroma ngrnphir‘ pattern of the determination shows a main pnak rnprnenni‘n’ri\/n of monomeric TAGs
(relative molecular mass about 900) and one or several smaller peaks with shorter retentionfimes
representatiie of PTAGs (dimers and upper oligomers).

Under suitah
even at low |

However, in

preceding tH
(Figure A.2).

10.2 Quan{

Calculation i
which are ell

The mass frg

le conditions, TAGs and PTAGs can be separated with good resolution (Figures\A.1 and
bvels of PTAGs.

some cases (which seem to be connected to complex degradation phenomena), the peak p
e triacylglycerol peaks can be less clear with consequent difficulties for the calculs

itative analysis

5 carried out by the internal normalization method, assuming that all components of the sz
ted have the same response coefficient. It is important to-have a straight baseline.

ction, in grams per 100 g of the PTAGSs, wptpg, is\Calculated using the following equation:

WPTAG T — ~ ,
ZAtot
where
Aptac 8 the sum of the peak areas of all PTAGs;

Atot

Express the

11 Precis

s the sum of the peak(ateas of all acylglycerols (PTAGs, TAGs, DAGs, and MAGs).

esults to one decimal place.

on

1.1 Interlarboratory tests

A.2)

pttern
tions

mple

Details of interlaboratory tests on the precision of the method are summarized in Annex B. The values derived
from these interlaboratory tests may not be applicable to concentration ranges and matrices other than those
given.

11.2 Repeatability

When the values of two independent test results, obtained using the same method on identical test material in
the same laboratory by the same operator using the same equipment within a short interval of time, lie within
the range of the mean values given in Table B.1, the absolute difference between the two test results obtained
shall, in not more than 5 % of cases, be greater than the repeatability limit, », which can generally be deduced
by linear interpolation from the values in Table B.1.

© I1SO 2009 — All rights reserved
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11.3 Reproducibility

When the values of two independent test results, obtained using the same method on identical test material in
different laboratories with different operators using different equipment, lie within the range of the values given
in Table B.1, the absolute difference between the two test results obtained shall, in not more than 5 % of
cases, be greater than the reproducibility limit, R, which can generally be deduced by linear interpolation from
the values in Table B.1.

12 Test report

The test report shall contain at least the following information:

a) all information necessary for the complete identification of the sample;
b) the sampling method used, if known;

c) the test method used, with reference to this International Standard;

d) all operating details not specified in this International Standard, or.regarded as optional, fogether with
details of any incidents which may have influenced the test result(s);

e) the testresult(s) obtained or, if the repeatability has been checked, the final result obtained.

© 1SO 2009 — Al rights reserved 5
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Annex A
(informative)

Chromatograms
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NOTE Conditions are given in 9.1.

Figure A.1 — HPSEC of a test mixture of TAGs, DAGs, MAGs and free fatty acids
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1a/1b| poly-/oligomeric TAGs
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NOTH 1 Conditions are'given in 9.1.

NOTH 2

The elution“order is defined by the molecular size and relative molecular mass. During frying,| no DAGs are

formed. However, ithe peak from DAGs increases due to oxidation resulting from thermal degradation of TAGs to TAGs

with tvo C, or Gg fragments and a C,4 fatty acid. The relative molecular mass is equal to that of DAGs.

Figure A.2 — HPSEC of TAGs and PTAGs: chromatograms of frying oils
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