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K = the extinction coefficient at the
wavelength of the peak of the
absorption curve in the 270 nm
region,

K en K = the extinction coefficients at wave-
lengths 4 nm lower and higher than
the K wavelength;

(iv) organoleptic organoleptic characteristics which include
detectable defects exceeding the limits of acceptability and a
panel test score lower than 3,5 in accordance with Annex XII
to Regulation (EEC) No 2568/91.

II. For the purposes of subheading 1509 10 90, ‘virgin oil’ means olive
oil having the following characteristics:

(a) an acid content, expressed as oleic acid, not exceeding 3,3 g per
100 g;

(b) a peroxide number not exceeding 20 meq active 0,/kg;
(c) a »M9 wax <« content not exceeding »M9 250 <« mg/kg;

(d) a content in volatile halogenated solvents not exceeding 0,2 mg/
kg overall and not exceeding 0,1 mg/kg for each solvent;

(e) a K, extinction coefficient not higher than 0,250 and, after treat-
ment of the oil with activated alumina, not higher than 0,10;

(f) an extinction coefficient variation (Delta K), in the 270 nm
region, not higher than 0,01;

(g) organoleptic characteristics which may include detectable defects
within the limits of acceptability and a panel test score higher
than 3,5 in accordance with Annex XII to Regulation (EEC) No
2568/91;

(h) an erythrodiol and uvaol content not exceeding 4,5 %;

(i) a content in saturated fatty acids at the 2-position in the triglycer-
ides not exceeding;

(j) the sum of transoleic isomers lower than 0,03 % and the sum of
translinoleic + translinolenic isomers lower than 0,03 %.

C. Subheading 1509 90 00 covers olive oil obtained by the treatment of olive

oils falling within subheading 1509 10 10 or 1509 10 90, whether or not
blended with virgin olive oil, having the following characteristics:

(a) an acid content, expressed as oleic acid, not exceeding 3,3 g per 100
g
(b) a »M9 wax <« content not exceeding 350 mg/kg;

(c) a K, extinction coefficient (100) not higher than 1,20;

(d) an extinction coefficient variation (A K), in the 270 nm region, not
higher than 0,16;

e) an erythrodiol and uvaol content not exceeding 4,5 %;
(e 1y g 4,5 %;

(f) a content in saturated fatty acids at the 2-position in the triglycerides
not exceeding 1,5 %;

(g) the sum of transoleic isomeres lower than 0,20 % and the sum of
translinoleic + translinolenic isomeres lower than 0,30 %.

. For the purposes of subheading 1510 00 10, ‘crude oils’ means oils, parti-

cularly olive residue oils, with the following characteristics:
(a) an acid content, expressed as oleic acid, greater than 2 g per 100 g;
(b) an erythrodiol and uvaol content exceeding 12 %;

(c) a content in saturated fatty acids at the 2-position in the triglycerides
not exceeding 1,8 %;

(d) the sum of transoleic isomers lower than 0,20 % and the sum of
translinoleic + translinolenic isomers lower than 0,10 %.

. Subheading 1510 00 90 covers oils obtained by the treatment of oils fallin

within subheading 1510 00 10, whether or not blended with virgin olive
oil, and oils not having the characteristics of the oils referred to in addi-
tional notes 2B, 2C and 2D. The oils falling within this subheading must
have a content in saturated fatty acids at the 2-position in the triglycerides
not exceeding 2 %, the sum of transoleic isomers lower than 0,4 % and
the sum of translinoleic + translinolenic isomers lower than 0,35 %.
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3. Subheadings 1522 00 31 and 1522 00 39 do not cover:

(a) residues resulting from the treatment of fatty substances containing oil
having in iodine index, determined in accordance with the metod laid
down in Annex XVI to Regulation (EEC) No 2568/91, lower than 70 or
higher than 100;

(b) residues resulting from the treatment of fatty substances containing oil
having an iodine index lower than 70 or higher than 100, of which the
peadk area representing the retention volume of Beta-Sitosterol ('), deter-
mined in accordance with Annex V to Regulation (EEC) No 2568/91, is
less than 93 % of the total sterol peak areas.

4. The analytical methods for the determination of the characteristics of the
products referred to above are those laid down in the Annexes to Regulation
(EEC) No 2568/91.

(") Delta-5,23-Stigmastadienol + Chlerosterol + Beta-Sitosterol + Sitostanol + Delta-5-
Avenasterol + Delta-5,24-Stigmastadienol.
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1.2.

2.1.

2.2.

2.3.

2.4.

2.5.

2.6.

ANNEX XV

OIL CONTENT OF OLIVE RESIDUE

Apparatus

— suitable extraction apparatus fitted with a 200 to 250 ml round-
bottomed flask,

— electrically heated bath (e.g., sand bath, water bath) or hotplate,

— analytical balance,

— oven regulated to a maximum of 80° C,

— electrically heated oven fitted with a thermostatic device regulated to
103 + 2° C and one that can be swept with a stream of air or operated
at reduced pressure,

— mechanical mill, easy to clean, and one that allows the olive residues to
be ground without a rise in their temperature or any appreciable altera-
tion in their content of moisture, volatile matter or substances
extractable with hexane,

— extraction thimble and cotton wool or filter paper from which
substances extractable with hexane have already been removed,

— dessicator,

— sieve with 1 mm diameter apertures,

— small particles of previously dried pumice stone.

Reagent

Normal hexane, technical grade, which must leave a residue of less than
0,002 g per 100 ml, on complete evaporation.

PROCEDURE

Preparation of the test sample

If necessary, use the mechanical mill, which has previously been properly
cleaned, to grind the laboratory sample in order to reduce it to particles that
can pass completely through the sieve.

Use about one twentieth of the sample to complete the process of cleaning
the mill, discard the ground material, grind the remainder and collect, mix
carefully and analyze without delay.

Test portion

As soon as the grinding operation has been completed, weigh out about 10 g
of the sample to the nearest 0,01 g for testing.

Preparation of the extraction thimble

Place the test portion in the thimble and plug with cotton wool. If a filter
paper is used, envelope the test portion in it.

Peliminary drying

If the olive residues are very moist (i.e., moisture and volatile matter
content more than 10 %), carry out preliminary drying by placing the
loaded thimble (or filter paper) in the oven heated for an appropriate time
at not more than 80° C in order to reduce the moisture and volatile matter
content to less than 10 %.

Preparation of the round-bottomed flask

Weigh to the nearest 1 mg the flask containing one or two particles of
pumice stone, previously dried in the stove at 103 + 2° C and then cooled
in a dessicator for not less than one hour.

Initial extraction

Into the extraction apparatus insert the thimble (or filter paper) containing
the test portion. Pour into the flask the requisite quantity of hexane. Fit the
flask to the extraction apparatus and place the whole on the electrically
heated bath. Adjust the rate of heating in such a way that the reflux rate
is not less than three drops per second (moderate, not violent boiling). After
four hours extraction, allow to cool. Remove the thimble from the extrac-
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2.7.

2.8.

3.1.

3.2.

tion apparatus and place it in a stream of air in order to drive off most of
the impregnating solvent.

Second extraction

Tip the contents of the thimble into the micro-grinder and grind as finely as
possible. Return the ground mixture to the thimble without loss and place it
back in the extraction apparatus.

Continue the extraction for a further two hours using the same round-
bottomed flask containing the initial extract.

The resultant solution in the extraction flask must be clear. If not, filter it
through a filter paper and wash the original flask and the filter paper
several times with hexane. Collect the filtrate and the washing solvent in
a second round-bottomed flask which has been dried and tared to the
nearest 1 mg.

Removal of solvent and weighing of extract

Remove the greater part of the solvent by distillation on an electrically
heated bath. Remove the last traces of solvent by heating the flask in the
oven at 103 £ 2° C for 20 minutes. Assist the elimination process either
by blowing in air, or preferably an inert gas, at intervals or by using
reduced pressure.

Leave the flask in a dessicator to cool for at least one hour and weigh to
the nearest 1 mg.

Heat again for 10 minutes under the same conditions, cool in a dessicator
and reweigh.

The difference between the two weighings shall not exceed 10 mg. If it
does, heat again for periods of 10 minutes followed by cooling and
weighing until the weight difference is 10 mg or less. Note the last weight
of the flask.

Carry out duplicate determinations on the test sample.
EXPRESSION OF RESULTS

Method of calculation and formula

(a) The extract expressed as a percentage by mass of the product as
received is equal to:

where: S is the percentage by mass of extract of the product as
received,
m, = is the mass, in grams, of the test portion,
m, = is the mass, in grams, of the extract after drying.

Take as the result the arithmetic mean of the duplicate determinations,
providing the repeatability conditions are satisfied.
Express the result to the first decimal place.
(b) The extract is expressed on a dry matter basis by using the formula:
100
X T0-0U = oil percentage of extract on a dry basis

where:

S = is the percentage of extract by means of the product as received
(see (),

U = is its moisture and volatile matter content.

Repeatability

The difference between the duplicate determinations carried out simulta-
neously or in rapid sucession by the same analyst shall not exceed 0,2 g
of hexane extract per 100 g of sample.
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If this condition is not satisfied, repeat the analysis on two other test
portions. If, in this case too, the difference exceeds 0,2 g, take as the result
the arithmetic mean of the four determinations.
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5.1.

5.2.

7.1.

ANNEX XVI

DETERMINATION OF IODINE VALUE

SCOPE

This International Standard specifies a method for the determination of the
iodine value of animal and vegetable fats and oils, referred to hereafter as
fats.

DEFINITION

For the purposes of this International Standard, the following definition
applies:

iodine value. The mass of iodine absorbed by the sample under the oper-
ating conditions specified in this International Standard.

The iodine value is expressed as grams of iodine per 100 g of sample.

PRINCIPLE

Dissolution of a test portion in solvent and addition of Wijs reagent. After a
specified time, addition of potassium iodide solution and water, and titra-
tion of the liberated iodine with sodium thiosulfate solution.

REAGENTS

All reagents shall be of recognized analytical grade:

water, complying with the requirements of ISO 3696, Grade 3.
potassium iodide, 100 g/ solution, not containing iodate or free iodine.
starch, solution.

Mix 5 g of soluble starch in 30 ml of water, add this mixture to 1 000 ml of
boiling water, boil for three minutes and allow to cool.

sodium thiosulfate, standard volumetric solution ¢ (Na,S,0,.5H,0) = 0,1 mol/
1, standardized not more than seven days before use.

solvent, prepared by mixing equal volumes of cyclohexane and acetic acid.

Wijs reagent, containing iodine monochloride in acetic acid. Commercially
available Wijs reagent shall be used.

APPARATUS
Usual laboratory apparatus and, in particular, the following:

glass weighing scoops, suitable for the test portion and for inserting into
the flasks (6.2).

conical flasks, of 500 ml capacity, fitted with ground glass stoppers and
completely dry.

PREPARATION OF THE TEST SAMPLE

The homogenized sample is dried over sodium sulphate and filtered.

PROCEDURE
Test portion

The mass of the test portion varies according to its expected iodine value as
shown in Table 1.
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7.2.

7.3.

Table 1
Expected iodine value Mass of (t;t portion

less than 5 3,00

5 to 20 1,00

21 to 50 0,40

51 to 100 0,20

101 to 150 0,13

151 to 200 0,10

Weigh the test portion to the nearest 0,1 mg in a glass weighing scoop

(5.1).
Determination

Place the test portion in a 500 ml flask (6.2). Add 20 ml of the solvent
(4.5) to dissolve the fat. Add exactly 25 ml of the Wijs reagent (4.6), insert
the stopper, swirl the contents and place the flask in the dark. Do not use a
mouth pipette for the Wijs reagent.

Similarily, prepare a blank with the solvent and the reagent but omitting
the test portion.

For samples having an iodine valve below 150, leave the flasks in the dark
for one hour; for those with an iodine value above 150 and for polymerized
products or products oxidized to a considerable extent, leave for two hours.

At the end of the time, add 20 ml of the potassium iodide solution (4.2)
and 150 ml of water (4.1) to each of the flasks.

Titrate with the standard volumetric sodium thiosulfate solution (4.4) until
the yellow colour due to iodine has almost disappeared. Add a few drops of
the starch solution (4.3) and continue the titration until the blue colour just
disappears after very vigorous shaking.

Note: Potentiometric determination of the end point is permissible.
Number of determinations

Carry out two determinations on the same test sample.

EXPRESSION OF RESULTS

The iodine value is given by the expression

12,69 ¢ (V; — V)

m
where:
c = is the numerical value of the exact concentration, in moles per litre,
of the standard volumetric sodium thiosulfate solution (4.4) used;
V, = is the numerical value of the volume, in millilitres, of the standard
volumetric sodium thiosulfate solution (4.4) used for the blank test;
V, = is the numerical value of the volume, in millilitres, of the standard
volumetric sodium thiosulfate solution (4.4) used for the determina-
tion;
m = is the numerical value of the mass, in grams, of the test portion
(7.1).

Take as the result the arithmetic mean of the two determinations, provided
that the requirement for repeatability (9.2) is satisfied.
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ANNEX XVII

METHOD FOR THE DETERMINATION OF STIGMASTADIENES IN
VEGETABLE OILS

1. PURPOSE

Determination of stigmastadienes in vegetable oils containing low
concentrations of these hydrocarbons, particularly in virgin olive oil and
crude olive-residue oil.

2. SCOPE

The standard may be applied to all vegetable oils although measurements
are reliable only where the content of these hydrocarbons lies between
0,01 and 4,0 mg/kg. The method is particularly suited to detecting the
presence of refined vegetable oils (olive, olive residue, sunflower, palm,
etc.) in virgin olive oil since refined oils contained stigmastadienes and
virgin oils do not.

3. PRINCIPLE

Isolation of unsaponifiable matter. Separation of steroidal hydrocarbon
fraction by column chromatography on silica gel and analysis by capillary
gas chromatography.

4. APPARATUS

4.1. 250 ml flasks suitable for use with a reflux condenser.
4.2. Separating funnels of 500 ml capacity.

4.3. 100 ml round-bottom flasks.

4.4. Rotary evaporator.

4.5. Glass chromatography column (1,5 to 2,0 cm internal diameter by 50 cm
length) with Teflon tap and a plug of glass wool fibre or sintered glass
disc at the bottom. To prepare silica gel column, pour hexane into the
chromatography column to a depth of approximately 5 cm and then fill
with a slurry of silica gel in hexane (15 g in 40 ml) with the help of
hexane portions. Allow to settle and finish settling by applying slight
vibration. Add anhydrous sodium sulphate to a height of approximately
0,5 cm, finally elute the excess hexane.

4.6. Gas chromatograph with flame ionization detector, split or cold on-
column injector and oven programmable to within + 1 °C.

4.7. Fused silica capillary column for gas chromatography (0,25 or 0,32 mm
internal diameter by 25 m length) coated with 5 %-phenylmethylsilicone
phase, 0,25 mm film thickness.

Note 1:

Other columns of similar or lower polarity can be used.
4.8. Integrator-recorder with possibility of valley-valley integration mode.
4.9. 5 to 10 ml microsyringe for gas chromatography with cemented needle.

4.10. Electrical heating mantle or hot place.

5. REAGENTS

All reagents should be of analytical grade unless otherwise specified. The
water used should be distilled water, or water of at least equivalent

purity.

5.1.  Hexane or mixture of alkanes of bp interval 65 to 70 °C, distilled with
rectifying column.

Note 2:

The solvent must be distilled to remove impurities.
5.2. 96 v/v ethanol.
5.3.  Anhydrous sodium sulphate.

5.4. Alcoholic potassium hydroxide solution at 10 %. Add 10 ml of water to
50 g potassium hydroxide, stir, and then dissolve the mixture in ethanol
to 500 ml.
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Note 3:

Alcoholic potash turns brown on standing. It should be prepared freshly
each day and kept in well stoppered dark glass bottles.

5.5. Silica gel 60 for column chromatography, 70 to 230 mesh, (Merck, refer-
ence 7734 or similar).

Note 4:

Usually, silica gel can be used directly from the container without any
treatment. However, some batches of silica gel may show low activity
resulting in bad chromatographic separations. Under this circumstance,
the silica gel should be treated in the following way: Activate the silica
gel by heating for a minimum of four hours 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 interfering peaks, the
silica gel should be treated as above. An alternative could be the use of
extra pure silica gel 60 (Merck, reference 7754).

5.6.  Stock solution (200 ppm) of cholesta-3,5-diene (Sigma, 99 % purity) in
hexane (10 mg in 50 ml).

5.7. Standard solution of cholesta-3,5-diene hexane at concentration of
20 ppm, obtained by dilution of above solution.

Note 5:

The solutions 5.6 and 5.7 are stable for a period of at least four months if
kept at less than 4 °C.

5.8.  Solution of n-nonacosane in hexane at concentration of approximately
100 ppm.

5.9. Carrier gas for chromatography: helium or hydrogen of 99,9990 % purity.

5.10. Auxiliary gases for flame ionization detector: hydrogen of 99,9990 %
purity and purified air.

6. PROCEDURE

6.1. Preparation of unsaponifiable matter

6.1.1. Weigh 20 + 0,1 g of oil into a 250-ml flask (4.1), add 1 ml of the stan-
dard solution of cholesta-3,5-diene (20pg) and 75 ml of alcoholic potash
at 10 %, fit reflux condenser, and heat to slight boiling for 30 minutes,
Remove the flask containing the sample from the heat and allow the solu-
tion to cool slightly (do not allow to cool completely as the sample will
set). Add 100 ml of water and transfer the solution to a separating funnel
(4.2) with the aid of 100 ml of hexane. Shake the mixture vigorously for
30 seconds and allow the separate.

Note 6:

If an emulsion is produced which does not rapidly disappear, add small
quantities of ethanol.

6.1.2. Transfer the aqueous phase beneath to a second separating funnel and
extract again with 100 ml of hexane. Once more run off the lower phase
and wash the hexane extracts (combined in another separating funnel)
three times with 100 ml each time of a mixture of ethanol-water (1: 1)
until neutral pH is reached.

6.1.3. Pass the hexane solution through anhydrous sodium sulphate (50 g), wash
with 20 ml hexane and evaporate in a rotary evaporator at 30 °C under
reduced pressure until dryness.

6.2. Separation of steroidal hydrocarbon fraction

6.2.1. Take the residue to the fractioning column with the aid of two 1-ml
portions of hexane, run the sample onto the column by allowing the solu-
tion level to drop to the top of the sodium sulphate and start the
chromatographic elution with hexane at a flow rate of 1 ml/min approxi-
mately. Discard the first 25 to 30 ml of eluate and then collect the
following 40 ml fraction. After collection, transfer this fraction to a 100-
ml round bottomed flask (4.3).

Note 7:

The first fraction contains saturated hydrocarbons (Figure 1 a) and the
second fraction the steroidal ones. Further elution provides squalene and
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related compounds. To achieve a good separation between saturated and
steroidal hydrocarbons, the optimization of fraction volumes is required.
For this, the volume of the first fraction should be adjusted so that when
the second fraction is analysed the peaks representing the saturated
hydrocarbons are low (see Figure 1 c); if they do not appear but the
intensity of the standard peak is low, the volume should be reduced.
Anyway, a complete separation between the components of the first and
second fractions is unnecessary; as there is no overlapping of peaks
during GC analysis if GC conditions are ajusted as indicated in 6.3.1.
The optimization of the volume of the second fraction if generally not
needed as a good separation exists with the further components. Never-
theless, the presence of a large peak at approximately 1,5 minutes lower
retention time than the standard is due to squalene, and it is indicative of
a bad separation.

6.2.2. 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.

Note 8:

Residues 6.1.3 and 6.2.2 should not be kept dry and at room temperature.
As soon as they are obtained, the solvent should be added and the solu-
tions should be kept in the refrigerator.

6.3. Gas chromatography

6.3.1. Working conditions for split injection:

— injector temperature: 300 °C,
— detector temperature: 320 °C,

— integrator-recorder: the parameters for integration should be fixed so
as to give a correct assessment of the areas. Valley-valley integration
mode is recommended,

— sensitivity: about 16 times the minimum attenuation,
— amount of solution injected: 1pl,

— oven programming temperatures: initial 235 °C for six minutes and
then rising at 2 °C/minute up to 285 °C,

— injector with 1: 15 flow divider,

— carrier: helium or hydrogen at about 120 kPa pressure.

These conditions may be adjusted in accordance with the characteristics
of the chromatograph and the column to give chromatograms meeting
the following requirements: internal standard peak within approximately
five minutes of the time given in 6.3.2; the internal standard peak should
be at least 80 % of the full scale.

The gas chromatographic system must be checked injecting a mixture of
the stock solution of cholestadiene (5.6) and n-nonacosane solution (5.8).
The cholesta-3,5-diene peak must appear before the n-nonacosane (Figure
1c); if it does not occur two actions can be undertaken: reduce the oven
temperature and/or use a less polar column.

6.3.2. Peak identification

The internal standard peak appears at approximately 19 minutes and the
3,5-stigmastadiene at a relative retention time of approximately 1,29 (see
Figure 1b). The 3,5-stigmastadiene occurs with small quantities of an
isomer, and usually, both elute together as a single chromatographic
peak. Nevertheless, if the column is too polar or shows a high resolving
power, the isomer can appear as a small peak before and close to that of
stigmasta-3,5-diene (Figure 2). In order to ensure that the stigmastadienes
are eluted as one peak, it is advisable to replace the column by one which
is either less polar or has a wider internal diameter.

Note 9:

Stigmastadienes for reference can be obtained from the analysis of a
refined vegetable oil by using less amount of sample (1 to 2 g). Stigmas-
tadienes originate a prominent and easily identifiable peak.

6.3.3. Quantitative analysis

The stigmastadienes content is determined according to the formula:
As X M,

mg/kg of stigmastadienes = A X M,
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where: A~ = area of stigmastadienes peak (if the peak is resolved
into two isomers, sum of areas of the two peaks),
A, = area of internal standard (cholestadiene),
M, = mass of standard added, in micrograms,
M, = mass of oil taken, in grams.

Detection limit: about 0,01 mg/kg.
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Figure 1

Gas chromatograms obtained from olive oil samples analysed on a fused
silica capillary column (0,25 mm internal diameter by 25 m) coated with
5 %-phenylmethylsilicone, 0,25 pm film thickness.

(a) First fraction (30 ml) from a virgin oil, spiked with standard.

(b) Second fraction (40 ml) from an olive oil containing 0,10 mg/kg of
stigmastadienes.
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(c) Second fraction (40 ml) containing a small proportion of the first
fraction.
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| R [ T
0 10 20 min

Figure 2

Gas chromatogram obtained from a refined olive oil sample analysed on
DB-5 column showing the isomer of 3,5-stigmastadiene.
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ANNEX XVIII

DETERMINATION OF TRIACYLGLYCEROLS WITH ECN 42
(DIFFERENCE BETWEEN HPLC DATA AND THEORETICAL
CONTENT)

1. Scope

Determination of the composition of triacylglycerols (TAGs) in olive
oils, in terms of their equivalent carbon number by differences between
the analytical results obtained by high performance liquid chromato-
graphy (HPLC) and the theoretical content, calculated starting from
the fatty acid composition.

2. Field application

The standard is applicable to olive oils. The method is applicable to the
detection of the presence of small amounts of seed oils (rich in linoleic
acid) in every class of olive oils.

3. Principle

The content of triacylglycerols with ECN42 determined by HPLC
analysis and the theoretical content of triacylglycerols with ECN42
(calculated on the basis of GLC determination of fatty acid composi-
tion) correspond within a certain limit for pure oils. A difference
larger than the values stated in the Regulation for each type of oil
points out that the oil contains seed oils.

4. Method

The method for calculation of theoretical content of triacylglycerols
with ECN42 and of the difference between the HPLC data and this
one essentially is made by the coordination of analytical data obtained
by means of other methods: it is possible to distinguish three phases:
determination of fatty acid composition by capillary gas chromato-
graphy, calculation of theoretical composition of triacylglycerols with
ECN42, HPLC determination of ECN42 triacylglycerols

4.1. Apparatus

4.1.1. Round bottom flasks, 250 and 500 ml.

4.1.2. Beakers 100 ml.

4.1.3. Glass chromatographic column, 21 mm internal diameter, 450 mm
length, with cock and normalized cone (female) at the top.

4.1.4. Separator funnels, 250 ml, with normalized cone (male) at the bottom,
suitable to be connected with the top of the column.

4.1.5. Glass rod, 600 mm length.
4.1.6. Glass funnel, 80 mm diameter.
4.1.7.  Volumetric flasks, 50 ml.
4.1.8. Volumetic flasks, 20 ml.
4.1.9. Rotative evaporator.

4.1.10. High performance liquid chromatography, allowing thermostatic control
of column temperature.

4.1.11. Injection units for 10 pl delivery.

4.1.12. Detector: differential refractometer. The full scale sensitivity should be
at least 10 units of refractive index.

4.1.13. Column: stainless steel tube 250 mm length and 4,5 mm internal
diameter packed with 5 pm diameter particles of slica with 22 to 23 %
carbon in the form of octadecylsilane (note 2).

4.1.14. Recorder and/or integrator.

4.2. Reagents

The reagents should be of analytical purity. Elution solvents should be
de-gassed, and may be recycled several times without effect on the
separations.
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4.2.1.  Petroleum ether 40 to 60 °C chromatographic grade.

4.2.2. Ethil ether, peroxides free, freshly distilled.

4.2.3. Glass chromatographic elution solvent: mixture petroleum ether/ethil
ether 87/13 (v/v).

4.2.4. Silicagel, 70-230 mesh, type Merck 7734, with water content standar-
dized at 5 % (w/w).

4.2.5. Glass wool.
4.2.6. Acetone.
4.2.7. Acetonitrile.

4.2.8. HPLC elution solvent: acetonitrile + acetone (proportions to be adjusted
to obtain the desired separation; begin with 50:50 mixture).

4.2.9. Solubilization solvent: acetone.

4.2.10. Reference triglycerides commercial triglycerides tripalmitin, triolein,
etc.) may be used and the retention times thence plotted in accordance
with the equivalent carbon number, or alternatively reference chromato-
grams obtained from soya oil, mixture 30:70 soya oil/olive oil and pure
olive oil (see notes 3 and 4 and figure 1, 2, 3, 4).

4.3. Sample preparation

As a number of interfering substances can rise false positive results, the
sample must always be purified according to ITUPAC method 2.507,
used for determination of polar substances in oxidised oils.

4.3.1. Chromatographic column preparation

Fill the column (4.1.3) with about 30 ml of elution solvent (4.2.3), then
introduce inside the column some glass wool (4.2.5) pushing it to the
bottom of the column by means of the glass rod (4.1.5).

In a 100 ml beaker, suspend 25 g of silicagel (4.2.4) in 80 ml of elution
mixture (4.2.3), then transfer it inside the column, by means of a glass
funnel (4.1.6).

To ensure the complete transfer of silicagel inside the column, wash the
beaker with the elution mixture and transfer the washing portions inside
the column, too.

Open the cock and let solvent elute from the column until its level is
about 1 cm over the silicagel.

432. Column chromatography

Weigh with the accuracy of 0,001 g, 2,5 = 0,1 g of oil, previously
filtered, homogenized and anhydrified, if necessary, in a 50 ml volu-
metric flask (4.1.7). Solve it in about 20 ml of elution solvent (4.2.3),
if necessary, slightly heat it to make the dissolution easily. Cool at
room temperature and adjust the volume with elution solvent.

By means of a volumetric pipette, introduce 20 ml of solution inside the
column prepared according to 4.3.1, open the cock and let solvent elute
to the silicagel layer level.

Then elute with 150 ml of elution solvent (4.2.3), adjusting the solvent
rate at about 2 ml/min (150 ml will take about 60 to 70 minutes to pass
through the column).

The eluated is recovered in a 250 ml round bottom flask (4.1.1)
previously tared in an oven and exactly weighted. Eliminate solvent at
reduce pressure (Rotavapor) and weigh the residue that will be used to
prepare the solution for HPLC analysis and for methyl ester prepara-
tion.

The sample recovery from the column must be 90 % at least for extra
virgin, virgin, ordinary refined and olive oil categories, and a minimum
of 80 % for lampante and residue olive oils.
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44. HPLC analysis

44.1. Preparation of the samples for chromatographic analysis

A 5 % solution of the sample to be analysed is prepared by weighing
0,5 £ 0,001 g of the sample into a 10 ml graduated flask and making up
to 10 ml with the solubilization solvent (4.2.9).

442. Procedure

Set up the chromatographic system. Pump elution solvent (4.2.8) at a
rate of 1,5 ml/min to purge the entire system. Wait until a stable base
line is obtained. Inject 10 pl of the sample prepared as in 4.3.

4.43. Calculation and expression of results

Use the area normalization method, i.e. assume that the sum of the
areas of the peaks corresponding to TAGs from ECN42 up to ECN52
is equal to 100 %. Calculate the relative percentage of each triglyceride
using the formula:

% triglyceride = area of peak x 100/ sum of peak areas.
The results are to be given to within at least two decimal places.

Note 1: The elution order can be determined by calculating the equiva-
lent carbon numbers, often defined by the relation ECN = CN-2n,
where CN is the carbon number and n is the number of double bounds,
it can be calculated more precisely by taking into account the origin of
the double bond. If n , n, and n_ are the numbers of double bonds attrib-
uted to oleic, linoleic and linolenic acids respectively, the equivalent
carbon number can be calculated by means of the relation of the
formula:

ECN=CN-dn —dn —dn,
where the coefficient do, d and d, can be calculated by means of the
reference triglycerides. Under the conditions specified in this method,
the relation obtained will be close in:

ECN=CN-(2,60n) - (2,35n) — (2,17 n,)
Note 2: Examples: Lichrosorb (Merck) RP 18 Art 50333

Lichrosphere or equivalent (Merck) 100 CH18 Art
50377.

Note 3: With several reference triglycerides, it is also possible to calcu-
late the resolution with respect to triolein:

o = RT'/ RT triolein
by use of the reduced retention time RT' = RT — RT solvent.

The graph of log o against f (number of double bonds) enables the
retention values to be determined for all the triglycerides of fatty acids
contained in the reference triglycerides — see figure 2.

Note 4: The efficiency of the column should permit clear separation of
the peak of trilinoein from the peaks of the triglycerides with an adja-
cent RT. The elution is carried out up to ECN52 peak.

Note 5: A correct measure of the areas of all peaks of interest for the
present determination is ensured if the second peak corresponding to
ECNS50 is 50 % of full scale of the recorder.

4.5. Calculation of triacylglycerols composition

4.5.1. Determination of fatty acid composition

Fatty acid composition is carried out by means of the EEC gas chroma-
tographic method reported in Annex X A of Regulation (EEC) No
2568/91, by means of a capillary column. The methyl esters preparation
is carried out according to Annex X B (sodium methylate alcohol solu-
tion).

4.5.2. Fatty acids for calculation

Glycerides are grouped by their equivalent carbon number (ECN),
taking into account the following equivalencies between ECN and fatty
acids. Only fatty acids with 16 and 18 carbon atoms were taken in
consideration, because only these are important for olive oil.
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Molecular
Fatty acid (FA) Abbreviation weight ECN
MW)

Palmatic acid P 256,4 16
Palmatoleic acid Po 2544 14
Stearic acid S 284,5 18
Oleic acid (0] 282,5 16
Linoleic acid L 280,4 14
Linolenic acid Ln 278,4 12

4.5.3. Conversion of area % into moles for all fatty acids

les p  2rea % P les S area % S les P area % Po
m = vwp ™ =——¢ m ="
oles MW P oles MW S oles Po = —= 0
1
moles O = area % O moles L = oo 2 = %L moles Ln = arca % Ln M
- MWO MWL ~ MW Ln

4.54. Normalization of fatty acids to 100 %

moles P * 100
moles (P+S+Po+O+L+Ln)

moles S * 100
moles (P+S+Po+O+L+Ln)

moles % P (1,2,3) =

moles % S (1,2,3) =

moles Po * 100

moles (P+S+Po+O+L+Ln)
moles O * 100

moles (P+S+Po+O+L +Ln)
moles L * 100

moles (P+S+Po+0O+L+Ln)
moles Ln * 100

moles (P+S+Po+O+L+Ln)

moles % Po (1,2,3) =

@

moles % O (1,2,3) =

moles % L (1,2,3) =

moles % Ln (1,2,3) =

The result gives the percentage of each fatty acid in moles % in the
overall (1,2,3-) position of the TAGs.

Then the sum of the saturated fatty acids P and S (SFA) and the unsa-
turated fatty acids Po, O, L and Ln (UFA) are calculated:

moles % SFA = moles % P + moles % S }
3
moles UFA = 100 — moles % SFA 3

4.5.5. Calculation of the fatty acid composition in 2- and 1,3-
positions of TAGs

The fatty acids are distributed to three pools as follows: two identical
for 1- and 3- positions and one for 2- position, with different coeffi-
cients for the saturated (P and S) and unsaturated acids (Po, O, L and
Ln).

4.5.5.1. Saturated fatty acids in 2- position [P(2) and S(2)]

moles % P(2) = moles % P (1,2,3) * 0,06 }
4
moles % S(2) = moles % S (1,2,3) * 0,06 @
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4.5.5.2. Unsaturated fatty acids in 2- position [Po(2), O(2), L(2) and Ln(2)]:

__ moles % Po(1,2,3)

moles % Po(2) oles % UFA

% [100 — moles % P(2) — moles % S(2) ]

__moles % O(1,2,3)

moles % O(2) moles % UFA

x [100 — moles % P(2) — mol % S(2) |

(5
les % L(1,2,3
moles % L(2) = %A)(U,F/;) % [100 — moles % P(2) — moles % S(2) |
les % Ln(1,2,3
moles % Ln(2) = %/:EJ];A’) * [100 — moles % P(2) — moles % S(2) ]
4.5.5.3. Fatty acids in 1,3-positions [P(1,3), S(1,3), Po(1,3) O(1,3), L(1,3) and
Ln(1,3)]:
les % P1,2,3 — moles % P(2
moles % P1,3 = 208 2 T % : moles % P(2) 1 noles % P(1,2,3)
les ¢ 1,2,3) — moles ¢ 2
moles % S(1,3) — moles % S(L, ’32) moles % S() | 1otes % s(1,2,3)
les % Po(1,2,3) — moles % Po(2
moles % Po(1,3) _ Mo o(1,2, 2) moles % Po( )-I—moles % Po(1,2,3)
les % O(1,2,3 les % O(2 ©
moles % O(1,3) — Moles % O 2, ;_moes ©02) | moles % 0(1,2,3)
les % L(1,2,3) — moles % L(2
moles % L(1,3) = moles % L(1, 2, 2) moles % L(2) | oles % L(1,2,3)
les % Ln(1,2,3) — moles % Ln(2
moles % Ln(1,3) = moles % L1, ’32) moles % La( )+moles % Ln(1,2,3)
4.5.6. Calculation of triacylglycerols
4.5.6.1. TAGs with one fatty acid (AAA, here LLL, PoPoPo)
moles % A(1,3) * moles % A(2) * moles % A(l,3)
les % AAA =
moles % 10000 @)
4.5.6.2. TAGs with two fatty acids (AAB, here PoPoL, PoLL)
moles % AAB — moles % A(1,3) * moles % A(2) * moles % B(1,3) * 2
10000
®)
moles % ABA — moles % A(1,3) % moles % B(2) * moles % A(l,3)
10000
4.5.6.3. TAGs with three different fatty acids (ABC, here OLLn, PLLn, PoOLn,
PPoLn)
moles % ABC — moles % A(1,3) % moles % B(2) % moles % C(1,3) * 2
10000
moles % BCA — moles % B(1,3) * moles % C(2) % moles % A(1,3) = 2 ©)

10000

moles % C(1,3) * moles % A(2) * moles % B(1,3) x 2

les % CAB =
moles % C 10000
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4.5.6.4. Triacylglycerides with ECN42

The following triglycerides with ECN42 are calculated according equa-
tion 7, 8 and 9 in order of expected elution in HPLC (normally only
three peaks).

LLL

PoLL and the positional isomer LPoL

OLLn and the positional isomers OLnL and LnOL
PoPoL and the positional isomer PoLPo

PoOLn and the positional isomers OPoLn and OLnPo
PLLn and the positional isomers LLnP and LnPL
PoPoPo

SLnLn and the positional isomer LnSLn

PPoLn and the positional isomers PLnPo and PoPLn

The triacylglycerides with ECN42 are given by the sum of the nine tria-
cylglycerols including their positional isomers. The results to be given
with at least two decimal places.

5. Evaluation of the results

The calculated theoretical content and the content determined by the
HPLC analysis are compared. If the difference between HLPC data
minus theoretical data is greater than the values states for the appro-
priate oil category in the Regulation, the sample contains seed oil.

Note: Results are given to within one decimal figure.

6. Example (The numbers refer to the sections in the text of the method)

4.5.1. Calculation of moles % fatty acids from GLC data (area %)

The following data are obtained for the fatty acid composition by GLC:

FA P S Po (0] L Ln
MW 256,4 284,5 2544 282,5 280,4 278,4
area % 10,0 3,0 1,0 75,0 10,0 1,0
4.53. Conversion of area % into moles for all fatty acids
les P = 10 = 0,03900 moles P See fi la (1
moles P = 3564 " moles ee formula (1)
moles S = 3 0,01054 moles S See formula (1)
T2845 4
1
moles Po = m = 0,00393 moles Po See formula (1)
75
moles O = =0,26549 moles O See formula (1)
282,5
les L = 10 =0,03566 moles L See ft la (1)
moles ~2%04 " moles ee formula
1
lesln =—— = 4 moles L fi la (1
moles Ln 278.4 0,003594 moles Ln See formula (1)
Total = 0,35822 moles TAGs

4.54. Normalization of fatty acids to 100 %

0,03900 moles P % 100
moles % P(1,2,3) = —— 351;1;’;;01; — 10,888 % See formula (2)
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4.5.5.

45.5.1.

4.55.2.

4.5.5.3.

~0,01054 moles S * 100

moles % S(1,2,3) = 0.35822 moles =2,944 %
moles % Po(1,2,3) = 0030933;“8(;1;5;0(;6: 100 _ 1 097 %
moles % O(1,2,3) = 0’26%4252‘2’1;?“(31; 100 _ 24 113 %
moles % L(1,2,3) = 0’033625’2;6;;; 100 _ 5 956 04
moles % Ln(1,2,3) = & 00305 93?;‘;155 mLOIieS* 100 4 003%
Total moles % =100,0 %

Sum of the saturated and unsaturated fatty acids in the 1,2,3- position of

TAGs

moles % SFA = 10,888 % + 2,944 % = 13,831 %
moles % UFA = 100,000 % — 13,831 % = 86,169 %

Calculation of the fatty acid composition in 2- and 1,3-

positions of the TAGs

Saturated fatty acids in 2- position [P(2) and S(2)]

moles % P(2) = 10,888 % * 0,06 = 0,653 moles %
moles % S(2) = 2,944 % * 0,06 = 0,177 moles %

Unsaturated fatty acids in 1,3-position [Po(1,3), O(1,3), L(1,3) and

Ln(1,3)]
1,097 %
moles % Po(2) = m x (100 — —0,659 — 0,177) = 1,263 moles %
3 0
74,113 %
moles % O(2) = 8671769"/0 x (100 — —0,659 — 0,177) = 85,295 moles %
s (]
9,956 %
moles % L(2) = m* (100 — —0,659 — 0,177) = 11,458 moles %

1,003 %
moles % Ln(2) = m
s (

Fatty acids in 1,3-positions [P(1,3), S(1,3), Po(1,3), O(1,3), L(1,3) and

Ln(1,3)]

10,888 — 0,659
2

2,944 — 0,177

moles % P(1,3) = 10, 888 = 16,005 moles %

moles % S(1,3) = 2,944 = 4,327 moles %

1,097 — 1,263

moles % Po(1,3) = 1,097 = 1,015 moles %

74,113 — 85,295
2

9,956 — 11,458
moles % L(1,3) :’f’

1,003 — 1,154
moles % Ln(1,3) = ———

moles % O(1,3) = 74,113 = 68,522 moles %
9,956 = 9,205 moles %

1,003 = 0,927 moles %

« (100 — —0,659 — 0,177) = 1,154 moles %

See formula (2)

See formula (2)

See formula (2)

See formula (2)

See formula (2)

See formula (3)

See formula (3)

See formula (4)
See formula (4)

See formula

)

See formula

)

See formula

®)

See formula

)

See formula (6)

See formula (6)

See formula (6)

See formula (6)

See formula (6)

See formula (6)
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4.5.6.

4.5.6.1.

4.5.6.2.

Calculation of triacylglycerols

From the calculated fatty acid composition in sn-2- and sn-1,3- posi-
tions (see above):

FA in 1,3-pos. 2-pos.

P 16,005 % 0,653 %
S 4,327 % 0,177 %
Po 1,015 % 1,263 %
(0} 68,522 % 85,295 %
L 9,205 % 11,458 %
Ln 0,927 % 1,154 %
Sum 100,0 % 100,0 %

the following triacylglycerols are calculated:
LLL

PoPoPo

PoLL with 1 positional isomer

SLnLn with 1 positional isomer

PoPoL with 1 positional isomer

PPoLn with 2 positional isomers

OLLn with 2 positional isomers

PLLn with 2 positional isomers

PoOLn with 2 positional isomers.

TAGs with one fatty acid (LLL, PoPoPo) See formula (7)
9,205 % =+ 11,458 % * 9,205 %

0, —
mol % LLL = 10000

=0,09708 mol LLL

1,015 % * 1,263 % * 1,015 %

1 % PoPoPo =
mol % PoPoPo 10000

= 0,00013 mol PoPoPo

TAGs with two fatty acids (PoLL, SLnLn, PoPoL)  See formula (8)
1,015 % = 11,458 % * 9,205 % * 2

1 % PoLL + LLPo =
mol % PoLL + 0 10000

=0,02141

9,205 % * 1,263 % * 9,205 %

0, —
mol % LPoL = 10000

=0,01070

0,03211 mol PoLL

4,327 % 1,154 % * 0,927 % * 2

mol % SLnLn + LnLnS = 10000

= 0,00093

0,927 % + 0,177 % 0,927 %

0, —
mol % LnSLn = 10000

= 0,00002

0,00095 mol SLnLn
1,015 % % 1,263 % * 9,205 % % 2
10000

mol % PoPoL + LPoPo = = 0,00236
1,015 % * 11,458 % x 1,015 %

0, —
mol % PoLPo = 10000

=0,00118

0,00354 mol PoPoL
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4.5.6.3. TAGs with three different fatty acids (PoPLn, OLLn, PLLn, PoOLn)

See formula (9)
16,005 % * 1,263 % * 0,927 % x 2

0, —
mol % PPoLn = 10000

0,927 % * 0,653 % 1,015 % * 2

0, —
mol % LnPPo = 10000

1,015 % « 1,154 % * 16,005 % * 2

0, —
mol % PoLnP = 10000

68,522 % x 11,458 % * 0,927 % * 2

1 % OLLn =
mol % OLLn 10000

0,927 % * 85,295 % * 9,205 % * 2
10000

mol % LnOL =

9,205 % 1,154 % * 68,522 % * 2
10000

mol % LLnO =

16,005 % + 11,458 % = 0,927 % * 2

1 % PLLn =
mol % PLLn 10000

0,927 % * 0,653 % * 9,205 % x 2

1 % LnPL =
mol % Ln 10000

9,205 % * 1,154 % * 16,005 % * 2

0, —
mol % LLnP = 10000

1,015 % * 85,295 % * 0,927 % * 2
10000

mol % PoOLn =

0,927 % * 1,263 % * 68,522 % * 2
10000

mol % LnPoO =

68,522 % * 1,154 % % 1,015 % * 2
10000

mol % OLnPo =

= 0,00375

=0,00012

= 0,00375
0,00762 mol PPoLn

=0,14577

=0,14577

=0,14577
0,43671 mol OLLn

= 0,03400

=0,00111

= 0,03400
0,06911 mol PLLn

=0,01605

= 0,01605

= 0,01605

0,04815 mol PoOLn

ECN42 = 0,69540 mol TAGs
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Figure 1: Graph of log o against [ (number of double bonds)
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Number of double bonds (n)

Note: La = lauric acid; My = myristic acid; P = palmitic acid; St =
stearic acid; O = oleic acid; L = linoleic acid; Ln = linolenic
acid.
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Figure 2: Soyabean oil
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Figure 3: Soyabean oil / olive oil 30/70
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Figure 4: Olive oil
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