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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with_1SQ, also take part in the work 1SO collaborates closely with the International Flectrgtechnical
Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Patt 3.

Draft Internptional Standards adopted by the technical committees are circulated to the memiber bodies fpr voting.
Publication jas an International Standard requires approval by at least 75 % of the member bodies casting g vote.

Internationgl Standard ISO 15788-1 was prepared by Technical Committee ISO/TC 34, Agricultural food |products,
Subcommitfee SC 11, Animal and vegetable fats and oils.

ISO 15788 | consists of the following parts, under the general title Animaly'and vegetable fats and oils —
Determination of stigmastadienes in vegetable oils.

O Part 1:\Method using capillary-column gas chromatography
O  Part 2:|Method using high-performance liquid chromatography:

Annex A of this part of ISO 15788 is for information only.
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Introduction

Significant amounts of hydrocarbons are formed in vegetable oils as a consequence of thermal treatments during
the refining processes [1]. Among these hydrocarbons, 3,5-stigmastadiene, a steroidal compound, is the most
abundant in all refined vegetable oils since it is derived from B-sitosterol by dehydration [2]. The 3,5-stigmastadiene
is produced together with minor amounts of the 2 4- |somer and both substances give a single well-defined gas-
the sum of
both isomers can be ea5|ly quantified by gas- chomatographlc analysis of the steroidal hydrocarbon fract{on [2], [4].

For instgnce, for virgin olive oils, the usual oil production processes (pressure or centrifuging)-do mot produce
measuraple amounts of stigmastadienes (less than 0,01 mg/kg). In crude olive residue oil, small concentrations of
stigmastadienes are found (ranging between 0,2 mg/kg and 3 mg/kg) due to the high temperatures applied during
the drying of the raw olive residue.

In the r¢fining processes, stigmastadienes are formed in all the steps involving high temperaturgs, such as
bleaching and deodorizing, but more amounts are formed in the first step using-acid bleaching earth|than in the
second [R]. Depending on the conditions applied during the refining process;xcommercial refined vegetable oils
show stigmastadiene concentrations ranging between 1 mg/kg and 120 mg/kg and, therefore, the asgessment of
stigmastadienes allows not only the identification of thermally treated oilshut also the detection of minorfamounts of
refined vegetable oils in virgin oils.

A methogl for the determination of stigmastadienes and the results of a collaborative study carried odt under the
auspices| of the International Olive Oil Council were presented to the International Union of Pure and Applied
Chemistry (IUPAC) Commission on Qils, Fats and Derivatives. The stigmastadiene content has been adppted as an
identity griterion for virgin olive oils and the resulting analytical method has been adopted as an international
standard|method.
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Animal and vegetable fats and oils — Determination of
stigmastadienes in vegetable oils —
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3.4 Alcoholic potassium hydroxide solution, of concentration 50 g per 500 ml.

Add 10 ml of water to 50 g potassium hydroxide, stir, and then dilute the mixture with ethanol to 500 ml.

Alcoholic potassium hydroxide solution turns brown on standing. It should be prepared freshly each day and kept in

well-stop

pered dark glass bottles.
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3.5 Silica gel 60 b, for column chromatography, 70 to 230 mesh.

©1SO

Usually, silica gel can be used directly from the container without any treatment. However, some batches of silica
may show low activity resulting in poor chromatographic separations. Under these circumstances, the silica gel
should be treated in the following way.

Activate the silica gel by heating for at least 4 h at 550 °C. After heating, place the silica gel in a desiccator while the
gel is cooling and then transfer the silica gel to a stoppered flask. Add 2 % of water and shake until no lumps can be
seen and the powder flows freely.

If batches of silica gel result in chromatograms with mterferlng peaks, the silica gel should be treated as above. An

alternative
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olestadiene 2), 99 % purity (mass fraction), stock solution in hexane, of concentration 10(mg p

olestadiene , standard solution in hexane, of concentration of 1 mg per 50 ml, obtained by dilut
bn (3.6).

kept at a temperature of below 4 °C, solutions (3.6) and (3.7) will not deteriorate’ over a period (¢

hcosane |, solution in hexane, of concentration approximately 10 mg penI00 ml.

gmastadiene 3) (24-ethylcholesta-3,5-diene), solution in hexanéyof concentration approximat

br gas , for chromatography: helium or hydrogen of 99,9990 % purity (mass fraction).

ary gases , for flame ionization detector: hydrogensof 99,9990 % purity (mass fraction), and pu

tus

htory apparatus and, in particular, the folltowing.

of 250 ml capacity, suitable for use with a reflux condenser.
, of 500 ml capacity.

-bottomed flasks , of'\100 ml capacity.
evaporator.

Chromatography column  of 1,5 cm i.d. and 50 cm length, with Teflon tap and a plug of glass

jlass disC.at the bottom.

a silica gel column, pour hexane into the chromatography column to a depth of approximately

er 50 ml.

on of the

f at least

ly 10 mg

ified air.

wool fibre

b cm and

then fill with

aSlurry of silica gel in hexane (15 g in 40 ml) with the help of hexane portions. Allow to settle @and finish

the settling by applying slight vibration. Add anhydrous sodium sulfate (3.3) to a height of approximately 0,5 cm.
Finally elute the excess hexane.

1) Product supplied by Merck, ref. 7734 or similar and ref. 7754 (for extra pure silica gel 60).

2) Product supplied by Sigma.

3) Product supplied by Chiron A.S., Heimdal, Norway.

1),2) and 3 This information is given for the convenience of users of this International Standard and does not constitute an
endorsement by ISO of these products. Equivalent products may be used if they can be shown to lead the same results.
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4.6 Gas chromatograph , with a flame ionization detector, split or on-column injector, and oven programmable to
within + 1 °C.

4.7 Fused silica capillary columns

with 5 %
NOTE

4.8

phenylmethylsilicone phase, 0,25 pm film thickness.

Other columns of similar or lower polarity can be used.

Integrator-recorder , with possibility of valley-valley integration mode.

4.9 Microsyringe , of 5 pl to10 pl capacity, for gas chromatography, with cemented needle.

, for gas chromatography (0,25 mm or 0,32 mm i.d. by 25 m length) coated
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0 a separating funnel (4.2) with the aid of 100 ml of hexaneiShake the mixture vigorously f
separate.

Ision is produced which does not rapidly separate, add.small quantities of ethanol.

ansfer the lower aqueous phase to a second separating funnel and extract again with 100 m
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br 30 s and

of hexane.
innel) three
butral pH is

5.1.3 Pass the hexane solution through anhydrous sodium sulfate (50 g), wash with 20 ml of hexane and
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aration of steroidal hydroearbon fraction
ansfer the residue to the fractioning column with the aid of two 1 ml portions of hexane. Run

th hexane at a flowrate of 1 ml/min approximately. Discard the first 25 ml to 30 ml of the elug
b following 40.-ml fraction. After collection, transfer this fraction to a 100 ml round-bottomed flask

the sample

column by allowing.the Solution level to drop to the top of the sodium sulfate and start the chromatographic

te and then
(4.3).

fraction eontains saturated hydrocarbons [Figure 1a)] and the second fraction the steroidal o

adjusted

es. Further

ovidestsqualene and related compounds. To achieve a good separation betwen saturated apd steroidal
bons, the optimization of fraction volumes is required. For this, the volume of the first fractiopn should be
se-that when the second fraction is analysed the peaks representing the saturated hydrocarbpns are low

[Figure 1c)[; if they do not appear but the intensity of the standard peak 1s Tow, the volume should be reduced.
However, a complete separation between the components of the first and second fractions in unnecessary, as there

iS no ove

NOTE

standard i

rlapping of peaks during GC analysis if the GC conditions are adjusted as indicated in 5.3.1.

The optimization of the volume of the second fraction is generally not needed as a good separation exists with the
other components. Nevertheless, the presence of a large peak at a retention time approximately 1,5 min lower than that of the

s due to squalene, and it is indicative of a poor separation.

5.2.2 Evaporate the second fraction in a rotary evaporator at 30 °C under reduced pressure until dryness, and
immediately dissolve the residue in 0,2 ml of hexane. Keep the solution in the refrigerator until analysis.

Residues from steps 5.1.3 and 5.2.2 shall not be kept dry or at room temperature. As soon as they are obtained,
add the solvent and keep the solutions in the refrigerator.
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5.3 Gas chromatography
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a) First fraction (30 ml) from a virgin oil, spiked with standard (I.S.).
b) Second fraction (40 ml) from an olive oil containing 0,10 mg/kg of stigmastadienes.
c) Second fraction (40 ml) containing a small proportion of the first fraction.

Figure 1 — Gas chromatograms obtained from olive oil samples analysed on a fused silica capillary column
(0,25 mm i.d. by 25 m) coated with 5 % phenylmethylsilicone, 0,25 pm film thickness
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Figure 2 — Gas chromatogram obtained from a refined olive oil sample analysed'en’DB-5 column showing

6 Calculation

The stigmasgtadiene content, w, in milligrams per kilogram, is detefmined according to the equation:
X
weAxme
Ad X My
where

STIG-3,6
>
Isomer
b1
I T T -
0 10 20 t(min)

the isomer of 3,5-stigmastadiene

©1SO

A, arga of stigmastadienes peak (if thexpeak is split up, take the sum of the areas of the |3,5- and

2,4-isomers);

A, is
m. is
m, is
The respon
to 1.

Report the

the area of the internal standard (3,5-cholestadiene);
he mass of standard (3,5-cholestadiene) added, in micrograms;
he mass of oil taken;Jn grams.

se factor of thé.internal standard 3,5-cholestadiene in relation to that of the stigmastadieneg

esult tostwo decimal places.

7 Precision

7.1 Interlaboratory test

is equal

Details of an interlaboratory test on the precision of the method are summarized in annex A. The values derived
from this interlaboratory test may not be applicable to concentration ranges and matrices other than those given.

7.2 Repeatability

The absolute difference between two independent single test results, obtained with the same method on identical
test material in the same laboratory by the same operator using the same equipment within short intervals of time,
will in not more than 5 % of cases be greater than the repeatability limit r, calculated from the following equation:


https://standardsiso.com/api/?name=c7d52370e1d1903ff2a41013e7626fa8

©1SO ISO 15788-1:1999(E)

r=020w
where w is the mean stigmastadienes content in the range of 0,10 mg/kg to 1,0 mg/kg.
7.3 Reproducibility
The absolute difference between two single test results, obtained with the same method on identical test material in
different laboratories with different operators using different equipment, be greater than the reproducibility limit R

calculated from the following equation:

R=041W

where W|is the mean stigmastadienes content in the range of 0,10 mg/kg to 1,0 mg/kg.
7.4 Sensitivity
The sengitivity of the method is demonstrated by the low values for r and R at the lowconcentrations studied. The

limit of detection is 0,01 mg/kg.

8 Test|report

The test feport shall specify:

O allinformation necessary for the complete identification of the.sample;
0 the ampling test method used, if known;

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

O all operating details not specified in this International Standard, or regarded as optional, together with details of
any [ncidents which may have influenced the:test results;

0 the test results obtained; or

O if thg repeatability has been checked, the final quoted result obtained.
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