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Commission Regulation (EEC) No 2568/91 of 11 July 1991 on the characteristics
of olive oil and olive-residue oil and on the relevant methods of analysis

COMMISSION REGULATION (EEC) No 2568/91
of 11 July 1991

on the characteristics of olive oil and olive-
residue oil and on the relevant methods of analysis

THE COMMISSION OF THE EUROPEAN COMMUNITIES,
Having regard to the Treaty establishing the European Economic Community,

Having regard to Council Regulation No 136/66/EEC of 22 September 1966 on the
establishment of a common organization of the market in oils and fats'”, as last amended by
Regulation (EEC) No 3577/90%?, and in particular Article 35a thereof,

Whereas the Annex to Regulation No 136/66/EEC contains the descriptions and definitions of
olive oil and olive-residue oil marketed within each Member State, in intra-Community trade
and in trade with third countries;

Whereas, for the purpose of differentiating between the various types of oil, the physical and
chemical characteristics of each of them and the organoleptic characteristics of virgin oil should
be defined, in order to guarantee the purity and quality of the products concerned, without
prejudice to other existing provisions;

Whereas the presence of the characteristics of the different types of oil should be determined
uniformly throughout the Community; whereas, to that end, Community methods of chemical
analysis and organoleptic evaluation should be established; whereas the use should be permitted,
for a transitional period, of other methods of analysis applied in the Member States provided
that where there is a difference in the results, those obtained using the common method will
be decisive;

Whereas the definition of the physical and chemical characteristics of olive oil and of the
methods of analysis entails the amendment of the additional notes to Chapter 15 of the combined
nomenclature;

Whereas the method of evaluating the organoleptic characteristics of virgin oil includes the
setting up of panels of selected and trained tasters; whereas the period necessary for establishing
such a structure should therefore be fixed; whereas in view of the difficulties that some Member
States will encounter in setting up panels of tasters, the use of panels in other Member States
should be authorized;

Whereas, in order to ensure that the system of levies applicable to imports of olive residues
functions correctly, a single method for the determination of the oil content of these products
should be laid down;
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Whereas, in order not to harm trade, provision should be made for oil packaged prior to the
entry into force of this Regulation to be disposed of during a limited period,

Whereas it is necessary to repeal Commission Regulation (EEC) No 1058/77%, as last amended
by Regulation (EEC) No 1858/88;

Whereas the Management Committee for Oils and Fats has not delivered an opinion within the
time limit set by its chairman,

HAS ADOPTED THIS REGULATION:
[FArticle 1

1 Oils, the characteristics of which comply with those set out in points 1 and 2 of Annex
I to this Regulation, shall be deemed to be virgin olive oils within the meaning of point 1(a) and
(b) of the Annex to Regulation No 136/66/EEC.

2 Oil, the characteristics of which comply with those set out in point 3 of Annex I to
this Regulation, shall be deemed to be lampante olive oil within the meaning of point 1(c) of
the Annex to Regulation No 136/66/EEC.

3 Oil, the characteristics of which comply with those set out in point 4 of Annex I to
this Regulation, shall be deemed to be refined olive oil within the meaning of point 2 of the
Annex to Regulation No 136/66/EEC.

4 Oil, the characteristics of which comply with those set out in point 5 of Annex I to this
Regulation, shall be deemed to be olive oil composed of refined olive oils and virgin olive oils
within the meaning of point 3 of the Annex to Regulation No 136/66/EEC.

5 Oil, the characteristics of which comply with those set out in point 6 of Annex I to
this Regulation, shall be deemed to be crude olive-pomace oil within the meaning of point 4 of
the Annex to Regulation No 136/66/EEC.

6 Oil, the characteristics of which comply with those set out in point 7 of Annex I to
this Regulation, shall be deemed to be refined olive-pomace oil within the meaning of point 5
of the Annex to Regulation No 136/66/EEC.

7 Oil, the characteristics of which comply with those set out in point 8§ of Annex I to
this Regulation, shall be deemed to be olive-pomace oil within the meaning of point 6 of the
Annex to Regulation No 136/66/EEC.]

Textual Amendments
F1  Substituted by Commission Regulation (EC) No 1989/2003 of 6 November 2003 amending Regulation
(EEC) No 2568/91 on the characteristics of olive oil and olive-pomace oil and on the relevant methods
of analysis.

[FArticle 2

1 The characteristics of oils laid down in Annex I shall be determined in accordance
with the following methods of analysis:

a for the determination of the free fatty acids, expressed as the percentage of oleic acid,
the method set out in Annex II;

b for the determination of the peroxide index, the method set out in Annex III;
¢ for determination of the wax content, the method set out in Annex 1V;
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d for the determination of the composition and content of sterols and triterpene dialcohols
by capillary-column gas chromatography, the method set out in Annex V;

e for the determination of the percentage of 2- glyceryl monopalmitate, the method set
out in Annex VII;

for spectrophotometric analysis, the method set out in Annex IX;

for the determination of the fatty acid composition, the method set out in Annex X A
and X B;

h for the determination of the volatile halogenated solvents, the method set out in Annex
XI;

i for the evaluation of the organoleptic characteristics of virgin olive oil, the method set
out in Annex XII;

j for the determination of stigmastadienes, the method set out in Annex XVII;

k for determining the content of triglycerides with ECN42, the method set out in Annex
XVIII

1 for the determination of the aliphatic alcohol content, the method set out in Annex XIX;

m for the determination of the content of waxes, fatty acid methyl esters and fatty acid
ethyl esters, the method set out in Annex XX.

In order to detect the presence of extraneous vegetable oils in olive oils, the method of
analysis set out in Annex XXa shall be applied.

2 Verification by national authorities or their representatives of the organoleptic
characteristics of virgin oils shall be effected by tasting panels approved by the Member States.

The organoleptic characteristics of an oil as referred to in the first subparagraph shall
be deemed consonant with the category declared if a panel approved by the Member
State confirms the grading.

Should the panel not confirm the category declared as regards the organoleptic
characteristics, at the interested party's request, the national authorities or their
representatives shall have carried out without delay two counter-assessments by
other approved panels, at least one by a panel approved by the producer Member
State concerned. The characteristics concerned shall be deemed consonant with the
characteristics declared if at least two of the counter-assessments confirm the declared
grade. If that is not the case, the interested party shall be responsible for the cost of the
counter-assessments.

3 When the national authorities or their representatives verify the characteristics of the
oil as provided for in paragraph 1, samples shall be taken in accordance with international
standards EN ISO 661 on the preparation of test samples and EN ISO 5555 on sampling.
However, notwithstanding point 6.8 of standard EN ISO 5555, in case of batches of such oils in
immediate packaging, the sample shall be taken in accordance with Annex Ia to this Regulation.
In case of bulk oils for which the sampling cannot be performed according to EN ISO 5555,
the sampling shall be performed in accordance with instructions provided by the competent
authority of the Member State.

Without prejudice to standard EN ISO 5555 and Chapter 6 of standard EN ISO 661, the
samples taken shall be put in a dark place away from strong heat as quickly as possible
and sent to the laboratory for analysis no later than the fifth working day after they are
taken, otherwise the samples shall be kept in such a way that they will not be degraded
or damaged during transport or storage before being sent to the laboratory.

4 For the purposes of the verification provided for in paragraph 3, the analyses referred
to in Annexes 11, III, IX, XII and XX and, where applicable, any counter-analyses required
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under national law, shall be carried out before the minimum durability date in case of packaged
products. In case of sampling of bulk oils, those analyses shall be carried out no later than the
sixth month after the month in which the sample was taken.

No time limit shall apply to the other analyses provided for in this Regulation.

Unless the sample was taken less than two months before the minimum durability date,
if the results of the analyses do not match the characteristics of the category of olive
oil or olive-pomace oil declared, the party concerned shall be notified no later than one
month before the end of the period laid down in the first subparagraph.

5 For the purpose of determining the characteristics of olive oils by the methods
provided for in the first subparagraph of paragraph 1, the analysis results shall be directly
compared with the limits laid down in this Regulation.]

Textual Amendments
F2  Substituted by Commission Implementing Regulation (EU) No 1348/2013 of 16 December 2013
amending Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on
the relevant methods of analysis.

[FPArticle 2a

1 For the purpose of this Article, ‘olive oil marketed’ means total quantity of olive oil
and olive pomace oil of a relevant Member State that is consumed in that Member State or
exported from that Member State.

2 Member States shall ensure that conformity checks are carried out selectively, based
on a risk analysis, and with appropriate frequency, so as to ensure that the olive oil marketed
is consistent with the category declared.

3 The criteria to assess the risk may include:

a the category of oil, the period of production, the price of oils in relation to
other vegetable oils, the blending and packing operations, the storage facilities and
conditions, the country of origin, the country of destination, the means of transport or
the volume of the lot;

b the position of the operators in the marketing chain, the volume and/or value marketed
by them, the range of oil categories they market, the type of business carried out such
as milling, storage, refining, blending, packaging or retail sale;

¢ findings made during previous checks including the number and type of defects found,
the usual quality of oils marketed, the performance of technical equipment used;

d the reliability of operators’ quality assurance systems or self-checking systems related
to the conformity to marketing standards;

e the place where the check is carried out, in particular if it is the first point of entry into
the Union, the last point of exit from the Union or the place where the oils are produced,
packaged, loaded or sold to the final consumer;

f any other information that might indicate a risk of non-compliance.

4 Member States shall lay down in advance:
a the criteria for assessing the risk of non-conformity of lots;

b on the basis of a risk analysis for each risk category, the minimum number of operators
or lots and/or quantities which will be subject to a conformity check.
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At least one conformity check per thousand tonnes of olive oil marketed in the Member
State shall be carried out per year.

5 Member States shall verify compliance by:
a carrying out, in any order, the analyses set out in Annex I; or

b following the order set out in Annex Ib on the decision tree until one of the decisions
appearing in the decision tree is reached.]

Textual Amendments
F3  Substituted by Commission Implementing Regulation (EU) No 299/2013 of 26 March 2013 amending
Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the
relevant methods of analysis.

F grticle 3

Textual Amendments
F4  Deleted by Commission Regulation (EC) No 796/2002 of 6 May 2002 amending Regulation (EEC)
No 2568/91 on the characteristics of olive oil and olive-pomace oil and on the relevant methods of
analysis and the additional notes in the Annex to Council Regulation (EEC) No 2658/87 on the tariff
and statistical nomenclature and on the Common Customs Tariff.

F grticle 3a

Textual Amendments
F4  Deleted by Commission Regulation (EC) No 796/2002 of 6 May 2002 amending Regulation (EEC)
No 2568/91 on the characteristics of olive oil and olive-pomace oil and on the relevant methods of
analysis and the additional notes in the Annex to Council Regulation (EEC) No 2658/87 on the tariff
and statistical nomenclature and on the Common Customs Tariff.

[FArticle 3

Where it is found that an oil does not correspond to its category description, the
Member State concerned shall, without prejudice to any other penalties, apply effective,
proportionate and dissuasive penalties to be determined in the light of the seriousness
of the irregularity detected.

Where checks reveal significant irregularities, Member States shall increase the
frequency of checks in relation to marketing stage, oil category, origin, or other criteria.]

Textual Amendments
F3  Substituted by Commission Implementing Regulation (EU) No 299/2013 of 26 March 2013 amending
Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the
relevant methods of analysis.
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[FPArticle 4

[*1 The Member States may approve assessment panels so that national authorities or their
representatives can assess and verify organoleptic characteristics.

The terms of approval shall be set by Member States and ensure that:

— the requirements of Annex XII.4 are met,

— the panel head is given training recognised for this purpose by the Member State,

— continued approval depends on performance in annual checks arranged by the Member
State.

Member States shall notify to the Commission a list of approved panels and the action
taken under this paragraph.]

2 Where Member States encounter difficulties in setting up tasting panels in their
territory, they may call on a tasting panel approved in another Member State.

3 Each Member State draw up a list of tasting panels set up by professional or inter-
branch organizations in accordance with the conditions laid down in paragraph 1 and shall
ensure that those conditions are complied with.]

Textual Amendments

F5  Substituted by Commission Regulation (EEC) No 3288/92 of 12 November 1992 amending
Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and of the
relevant methods of analysis.

F6  Substituted by Commission Regulation (EC) No 796/2002 of 6 May 2002 amending Regulation (EEC)
No 2568/91 on the characteristics of olive oil and olive-pomace oil and on the relevant methods of
analysis and the additional notes in the Annex to Council Regulation (EEC) No 2658/87 on the tariff
and statistical nomenclature and on the Common Customs Tariff.

F grticle 5

Textual Amendments
F4  Deleted by Commission Regulation (EC) No 796/2002 of 6 May 2002 amending Regulation (EEC)
No 2568/91 on the characteristics of olive oil and olive-pomace oil and on the relevant methods of
analysis and the additional notes in the Annex to Council Regulation (EEC) No 2658/87 on the tariff
and statistical nomenclature and on the Common Customs Tariff.

Article 6

1 The oil content of oil cake and other residues resulting from the extraction of olive
oil (CN codes 2306 90 11 and 2306 90 19) shall be determined using the method set out in
Annex XV.

2 The oil content referred to in paragraph 1 shall be expressed as a percentage of the
weight of oil to the weight of dry matter.

[FArticle 7

The Community provisions concerning the presence of contaminants shall apply.
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As regards halogenated solvents, the limits for all categories of olive oils are as follows:
— maximum content of each halogenated solvent detected: 0,1 mg/kg,
— maximum total content of halogenated solvents detected: 0,2 mg/kg.]

Textual Amendments
F1  Substituted by Commission Regulation (EC) No 1989/2003 of 6 November 2003 amending Regulation
(EEC) No 2568/91 on the characteristics of olive oil and olive-pomace oil and on the relevant methods
of analysis.

[ Article 7a

Natural or legal persons and groups of persons who hold olive oil and olive pomace oil
from the extraction at the mill up to the bottling stage included, for whatever professional
or commercial purposes, shall be required to keep entry and withdrawal registers for
each category of such oils.

Member State shall ensure that the obligation laid down in the first paragraph is duly
complied with.]

Textual Amendments
F7  Inserted by Commission Implementing Regulation (EU) No 299/2013 of 26 March 2013 amending
Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the
relevant methods of analysis.

[FArticle 8

1 Member States shall notify the Commission of the measures implementing this
Regulation. They shall inform the Commission of any subsequent amendments. ]

2 Member States shall send the Commission, at the beginning of each half-year, a
statement of the analytical data relating to the tests carried out during the previous half-year.

The results shall be considered by the Management Committee for Oils and Fats in
accordance with the procedure laid down in Article 39 of Regulation No 136/66/EEC.

[3 The notifications referred to in this Regulation shall be made in accordance with
Commission Regulation (EC) No 792/2009®]

Textual Amendments
F3  Substituted by Commission Implementing Regulation (EU) No 299/2013 of 26 March 2013 amending
Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the
relevant methods of analysis.

Article 9
Regulation (EEC) No 1058/77 is hereby repealed.
Article 10
1 This Regulation shall enter into force on the third day following its publication in the

Official Journal of the European Communities.
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However, the method set out in Annex XI1 shall apply from [**1 November 1992], except
in so far as operations relating to the intervention system are concerned.

[That method shall not apply to virgin olive oil prepared for the market prior to 1
November 1992.]

2 This Regulation shall not apply to olive oil and olive-residue oil packaged before the
entry into force of this Regulation and marketed up to 31 October 1992.

Textual Amendments
F8  Substituted by Commission Regulation (EEC) No 3682/91 of 17 December 1991 amending Regulation
(EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the relevant methods
of analysis.
F9  Inserted by Commission Regulation (EEC) No 3288/92 of 12 November 1992 amending Regulation
(EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and of the relevant methods
of analysis.

This Regulation shall be binding in its entirety and directly applicable in all Member States.
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Editorial Information

[ ANNEXES

Summary

X1  Substituted by Corrigendum to Commission Regulation (EEC) No 2568/91 of 11 July 1991 on the
characteristics of olive oil and olive-residue oil and on the relevant methods of analysis (Official Journal
of the European Communities No L 248 of 5 September 1991).

[F*Annex I:

Olive oil characteristics]

[F*Annex Ia:

Sampling of olive oil or olive-pomace oil
delivered in immediate packaging]

[F*Annexe Ib:

Decision tree for verifying whether an olive
oil sample is consistent with the category
declared]

Annex II: [F"Determination of free fatty acids, cold
method]

Annex III: Determination of the peroxide value

Annex IV: [*"'Determination of wax content by capillary
column gas-liquid chromatography]

[F*Annex V: Determination of the composition and
content of sterols and triterpenes dialcohols
by capillary-column gas chromatography]

[F12]

Annex VII: [F"*Determination of the percentage of 2-
glyceryl monopalmitate]

[F13]

[ Annex IX: Spectrophotometric investigation in the
ultraviolet]

Annex XA: Analysis by gas chromatography of methyl
esters of fatty acids

Annex XB: Preparation of methyl esters of fatty acids

Annex XI: Determination of the volatile halogenated
solvents of olive oil

[F*Annex XII: The international olive council’s method for
the organoleptic assessment of virgin olive
oil]

[Fl3]

]

Annex XV:

Oil content of olive residue
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Annex XVI: Determination of iodine value

Annex XVII: Determination of stigmastadienes in

vegetable oils

[ Annex XVIII: Determination of the difference between

actual and theoretical content of
triacylglycerols with ECN 42]

Annex XIX: Method for determining aliphatic alcohol

content

[F"*Annex XX: Method for the determination of the content

of waxes, fatty acid methyl esters and
fatty acid ethyl esters by capillary gas
chromatography]

[F*Annex XXa: Method for the detection of extraneous oils in

olive oils]

["ANNEX XXI: Results of conformity checks carried out on

olive oils referred to in Article 8(2)]]

Textual Amendments

F10

F11

F12

F13

F14

F15

Substituted by Commission Regulation (EC) No 702/2007 of 21 June 2007 amending Commission
Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the relevant
methods of analysis.

Substituted by Commission Regulation (EEC) No 183/93 of 29 January 1993 amending Regulation
(EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the relevant methods
of analysis.

Deleted by Commission Implementing Regulation (EU) No 1348/2013 of 16 December 2013 amending
Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the relevant
methods of analysis.

Deleted by Commission Regulation (EC) No 1989/2003 of 6 November 2003 amending Regulation
(EEC) No 2568/91 on the characteristics of olive oil and olive-pomace oil and on the relevant methods
of analysis.

Inserted by Commission Regulation (EU) No 61/2011 of 24 January 2011 amending Regulation (EEC)
No 2568/91 on the characteristics of olive oil and olive-residue oil and on the relevant methods of
analysis.

Inserted by Commission Implementing Regulation (EU) No 1348/2013 of 16 December 2013 amending
Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the relevant
methods of analysis.
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[FANNEX I

OLIVE OIL CHARACTERISTICS

CategoFntty| AcidityPeroxid¥axds 2- StigmaBifkireléses | Kyes | Deltal Orgarldhgﬁnoleptic
acid | (%) | index mg/ | glycerimg/ | ECN4X*) or K evaluativalvtedéart ruity
ethyl| (%) mEq| kg mongpRbhita(PLC) K7 | (F) of median
esters Oy | (*%) | (%) and *) defect (Mf)
(FAEEs) kg ECN#42"(thepretical Md)| (*)
mg/ *) calculation) *)
kg
*)

FAEE$<0,8 | <20 |Cuz+Cu + Uy < K0 §| < < < Md = | Mf>

L < kyira if 10,05 102 (2,50 (0,22 [0,01 |0 |0

Qo1 EP014 total
crOptve palmitic
ye%c acid
FAEEs % <
<35 14 %
(201442015 <1.0
crop) it ’
year
FAEES tOtlal !
<30 pa'mltlc
= acid
(after 0 >
2015 14 %
crop
years)
— . 12,0 |<20 |Cu+CutCp < K0 <| < < < Md < |Mf>
2. Virgin it 0,05 |02 [2,60 025 0,01 [35 |0
olive total
oil palmitic
acid
% <
14 %
<10
if
total
palmitic
acid

a  Total isomers which could (or could not) be separated by capillary column.

b The olive oil has to be in conformity with the method set out in Annex XXa.

¢ This limit applies to olive oils produced as from 1st March 2014

d  Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be lampante olive oil if the total aliphatic
alcohol content is less than or equal to 350 mg/kg or if the erythrodiol and uvaol content is less than or equal to 3,5 %.

e Or where the median of defect is above 3,5 or the median of defect is less than or equal to 3,5 and the fruity median is
equal to 0.

f Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be crude olive-pomace oil if the total
aliphatic alcohol content is above 350 mg/kg and if the erythrodiol and uvaol content is greater than 3,5 %.
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% >
14 %

— >20 |— U4u+f-'ujc§4+%fm<| — — — Md> | —
3. La}mpanfe d if 0,50 [0,3] 3.5¢
O!IV P total
oil palmitic
acid

% <

14 %

<1,1
if
total
palmitic
acid
% >
14 %

— <03 |<5 Equ+fizjﬂ§4+ﬂw—'535{§| —
O!IV b total
oil palmitic
acid
% <
14 %

<1,1
if
total
palmitic
acid
% >
14 %

—IA
.
(e)
SIA
=
N

—_— .. 51,0 <15 Equ+fizjﬂgq+ﬂw—-535{§| _ <
5. Olive if 0,3] 0,90
oil total
composed palmitic
of acid
refined 0 <
and 1 4_%)
virgin
olive <10
oils if
total

SIA
=
(9]

a  Total isomers which could (or could not) be separated by capillary column.

b The olive oil has to be in conformity with the method set out in Annex XXa.

¢ This limit applies to olive oils produced as from 1st March 2014

d  Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be lampante olive oil if the total aliphatic
alcohol content is less than or equal to 350 mg/kg or if the erythrodiol and uvaol content is less than or equal to 3,5 %.

e Or where the median of defect is above 3,5 or the median of defect is less than or equal to 3,5 and the fruity median is
equal to 0.

f Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be crude olive-pomace oil if the total
aliphatic alcohol content is above 350 mg/kg and if the erythrodiol and uvaol content is greater than 3,5 %.
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palmitic
acid
% >
14 %
— _ _ Cun + CpE Gyt |Cos> 350 < | _ _ _ _ _
6. Crude f 0,6
olive- ’
pomlace
— <0,3 |<5 Cin + Oy < P+ |Cae> 350 < | — < < — —
7. Refined 0,5 2,00 0,20
olive-
pomace
oil
— IZ1,0 |Z15 | Cu+Ca<s FR+HCe> 350 < | — < < — —
8. Olive- 0,3 1,70 [0,18
pomace
oil

a  Total isomers which could (or could not) be separated by capillary column.

b The olive oil has to be in conformity with the method set out in Annex XXa.

c This limit applies to olive oils produced as from 1st March 2014

d  Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be lampante olive oil if the total aliphatic
alcohol content is less than or equal to 350 mg/kg or if the erythrodiol and uvaol content is less than or equal to 3,5 %.

e Or where the median of defect is above 3,5 or the median of defect is less than or equal to 3,5 and the fruity median is
equal to 0.

f Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be crude olive-pomace oil if the total
aliphatic alcohol content is above 350 mg/kg and if the erythrodiol and uvaol content is greater than 3,5 %.

Categoatty acid composition® Tot lTot#lSterols composition TothlErythrodiol
My idtiofStyrin¢ WiifirBapmek i pd§ e BTSRRI rotod ) Siatiei robsulg/
isomers( o). . B- | stig (,nzm%%()%)
.tra slinolenic sitosterol(%)"
isomers(%)
S B B B e e e e L - - O P O P B
L. 0,0ﬁ‘_’ff(ﬂ) 0,60|0,40(0,20{0,20/0,05/0,05/0,5 [0,1 {4,0 |Cam®3,0/0,5 [000 |4,5
yirgin
glive
ail

< < < < < < < < <

2. 6,03‘/1’1?@6‘ 0,60/0,40( 0,20 0,20 0,05| 0,05| 0,5
Ql1vi

ail

< |< > |< [>1]<
Camp3,0/0,5 {000 |4,5

SIA
=
>
[e)

a Other fatty acids content (%): palmitic: 7,50-20,00; palmitoleic: 0,30-3,50; heptadecanoic: < 0,30; heptadecenoic: < 0,30;
stearic: 0,50-5,00; oleic: 55,00-83,00; linoleic: 3,50-21,00.

b  See the Appendix to this Annex.

¢ App B-sitosterol: Delta-5,23-stigmastadienol+chlerosterol+beta-sitosterol+sitostanol+delta-5-avenasterol+delta-5,24-
stigmastadienol.

d  Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be lampante olive oil if the total aliphatic
alcohol content is less than or equal to 350 mg/kg or if the erythrodiol and uvaol content is less than or equal to 3,5 %.

e  Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be crude olive-pomace oil if the total
aliphatic alcohol content is above 350 mg/kg and if the erythrodiol and uvaol content is greater than 3,5 %.
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olive
0il
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gompagsed
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refined
dnd
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olive
ails
S T e e e e O e P S = B
6. 0,03(“111,166 0,60|0,40(0,30{ 0,20/0,20/0,10/0,5 0,2 |4,0 93,010,5 {500 |4,5°
olve-
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ail
< J< g s I = g g = = I |< |2 |= |=z1 >
7. o,osRlifmF‘Eﬁo 0,40(0,30(0,20(0,40/0,35/0,5 0,2 [4,0 |Camp3,0/0,5 |800 |4,5
alive-
pomade
0il
S P e P e e e P O P R P - O T
8. 10,03y 0,60/ 0,40/ 0,30/ 0,20/ 0,40/ 0,35/0,5 [0,2 |4,0 | Camp3,0(0,5 | 600 | 4,5
pomage
ail
a Other fatty acids content (%): palmitic: 7,50-20,00; palmitoleic: 0,30-3,50; heptadecanoic: < 0,30; heptadecenoic: < 0,30;
stearic: 0,50-5,00; oleic: 55,00-83,00; linoleic: 3,50-21,00.
b See the Appendix to this Annex.

App B-sitosterol: Delta-5,23-stigmastadienol+chlerosterol+beta-sitosterol+sitostanol+delta-5-avenasterol+delta-5,24-
stigmastadienol.

d  Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be lampante olive oil if the total aliphatic
alcohol content is less than or equal to 350 mg/kg or if the erythrodiol and uvaol content is less than or equal to 3,5 %.

e Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be crude olive-pomace oil if the total
aliphatic alcohol content is above 350 mg/kg and if the erythrodiol and uvaol content is greater than 3,5 %.

Notes:

(a) The results of the analyses must be expressed to the same number of decimal places
as used for each characteristic. The last digit must be increased by one unit if the
following digit is greater than 4.

(b) If just a single characteristic does not match the values stated, the category of an oil

can be changed or the oil declared impure for the purposes of this Regulation.
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(©)

(d)

If a characteristic is marked with an asterisk (*), referring to the quality of the oil,
this means the following: - for lampante olive oil, it is possible for both the relevant
limits to be different from the stated values at the same time, - for virgin olive oils,
if at least one of these limits is different from the stated values, the category of the
oil will be changed, although they will still be classified in one of the categories of
virgin olive oil.

If a characteristic is marked with two asterisks (**), this means that for all types of
olive-pomace oil, it is possible for both the relevant limits to be different from the
stated values at the same time.
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Appendix
Decision tree

Campesterol decision tree for virgin and extra virgin olive oils:

[ 4,0 % < Campesterol = 4,5% ]

| ]
[ Stigmasterol = 1,4 % ] [ A-7-stigmastenol = 0,3 % ]

The other parameters shall comply with the limits fixed in this Regulation.

Delta-7-stigmastenol decision tree for:
— Extra virgin and virgin olive oils

The other parameters shall comply with the limits fixed in this Regulation.
— Olive-pomace oils (crude and refined]

[FPANNEX Ia

SAMPLING OF OLIVE OIL OR OLIVE-POMACE
OIL DELIVERED IN IMMEDIATE PACKAGING

This method of sampling is applied to batches of olive oil or olive-pomace oil put up in
immediate packaging. Different sampling methods apply, depending on whether the immediate
packaging exceeds 5 litres or not.

‘Batch’ shall mean a set of sales units which are produced, manufactured and packed in
circumstances such that the oil contained in each sales unit is considered to be homogenous in
terms of all analytical characteristics. The individuation of a batch must be done in accordance

with Directive 2011/91/EU of the European Parliament and of the Council®.

‘Increment’ shall mean the quantity of oil contained in an immediate package and taken from
a random point of the batch.

1. CONTENT OF PRIMARY SAMPLE
1.1. Immediate packaging not exceeding 5 litres

‘Primary Sample’ for immediate packaging not exceeding 5 litres shall mean the number of
increments taken from a batch and in agreement with Table 1.

TABLE 1

Primary sample minimum size must comprise the following
Where the immediate packaging has a The primary sample must comprise the
capacity of oil from

(a) 1 litre or more (a) 1 immediate pack;
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(b) less than 1 litre (b) the minimum number of packs with
a total capacity of at least 1,0 litre

The number of packs referred to in Table 1, which shall constitute a primary sample, can
be increased by each Member State, according to their own needs (for example organoleptic
assessment by a different laboratory from that which performed the chemical analyses, counter-
analysis, etc.).

1.2. Immediate packaging exceeding 5 litres

‘Primary Sample’ for immediate packaging exceeding 5 litres shall mean a representative part
of the total increments, obtained by a process of reduction and in agreement with Table 2. The
primary sample must be composed of various examples.

‘Example’ of a primary sample shall mean each of the packages making up the primary sample.

TABLE 2
Minimum number of increments to be selected
Number of packages in the lot Minimum number of increments to be
selected
Upto 10 1
From ... 11 to 150 2
From ... 151 to 500 3
From ... 501 to 1 500 4
From ... 1 501 to 2 500 5
> 2 500 per 1 000 packages 1 extra increment

In order to reduce the volume of the sampling immediate packs, the content of the sampling
increments is homogenised for the preparation of the primary sample. The portions of the
different increments are poured into a common container for homogenisation by stirring, so that
it will be best protected from air.

The content of the primary sample must be poured into a series of packages of the minimum
capacity of 1,0 liter, each one of which constitutes an example of the primary sample.

The number of primary samples can be increased by each Member State, according to their
own necessity (for example organoleptic assessment by a different laboratory from the one that
performed the chemical analyses, counter-analysis, etc).

Each package must be filled in a way to minimise the air layer on top and then suitably closed
and sealed to ensure the product is tamper-proof.

These examples must be labeled to ensure correct identification.
2. ANALYSES AND RESULTS

2.1. Each primary sample must be subdivided into laboratory samples, in accordance with
point 2.5 of standard EN ISO 5555, and analysed according to the order shown in the
decision tree set out in Annex Ib or in any other random order.
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2.2. Where all the results of the analyses comply with the characteristics of the category
of oil declared, the whole batch is to be declared to comply.

If a single result of the analyses does not comply with the characteristics of the category of oil
declared, the whole batch is to be declared non compliant.

3. VERIFICATION OF THE CATEGORY OF BATCH
3.1. In order to verify the batch category, the competent authority may increase the number
of primary samples taken at different points of the batch according to the following
table:
Table 3

Number of primary samples determined by the size of batch
Size of batch (litres) Number of primary samples
Less than 7 500 2

From 7 500 to less than 25 000 3
From 25 000 to less than 75 000 4
From 75 000 to less than 125 000 5

Equal to and more than 125 000

6 + 1 each 50 000 litres more

Each increment constituting a primary sample must be taken from a continuous place in the
batch; it is necessary to take note of the location of each primary sample and to identify it
unambiguously.

The formation of each primary sample must be carried out according to the procedures referred
to in points 1.1 and 1.2.

Each primary sample is then subjected to the analyses referred to in Article 2(1).

3.2 When one of the results of the analyses referred to in Article 2(1) of at least one primary
sample does not comply with the characteristics of the declared category of oil, the
whole sampling batch shall be declared non compliant.]

[F?ANNEX Ib

DECISION TREE FOR VERIFYING WHETHER AN OLIVE OIL
SAMPLE IS CONSISTENT WITH THE CATEGORY DECLARED
Table 1
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<35 mgfkg in 2014/2015
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Virgin olive oils
(Quality criteria)

Table 3

Oil type as declared regarding quality criteria
Go to Table 3 (Purity criteria)
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o 0il not K
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Quality criteria (Tables 1 and 2)

YES NO

Extra virgin and virgin olive oils
(Purity criteria)
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Appendix 1

TABLE OF EQUIVALENCE BETWEEN THE ANNEXES TO THIS
REGULATION AND THE ANALYSES SPECIFIED IN THE DECISION TREE

— Acidity

Annex 11

Determination of free fatty
acids, cold method

— Peroxide value

Annex II1

Determination of peroxide
value

— UV spectrometry

Annex IX

Spectrophotometric analysis

— Organoleptic
assessment

Annex XII

Organoleptic assessment of
virgin olive oil

— Ethyl esters

Annex XX

Method for the determination
of the content of waxes, fatty
acid methyl esters and fatty
acid ethyl esters by capillary
gas chromatography

— 3,5-Stigmastadienes

Annex XVII

Method of determining
stigmastadienes in vegetable
oils

— Trans isomers of
fatty acids

Annex X A
and

Analysis by gas
chromatography of methyl
esters of fatty acids

Annex X B

Preparation of methyl esters
of fatty acids

— Fatty acids content

Annex X A
and

Analysis by gas
chromatography of methyl
esters of fatty acids

Annex X B

Preparation of methyl esters
of fatty acids

— AECN42

Annex XVIII

Determination of the
composition of triglycerides
with ECN42 (difference
between the HPLC data and
theoretical content)

— Sterols composition
and total sterols

— Erythrodiol and
Uvaol

Annex V

Determination of the
composition and content

of sterols and triterpene
dialcohols by capillary-
column gas chromatography

— Waxes

Annex IV

Determination of wax content
by capillary-column gas
chromatography
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) ) Annex XIX Determination of aliphatic
- Aliphatic alcohols alcohols content by capillary-
column gas chromatography
. | Annex VII Determination of the
- Saturated fe;tty acids percentage of 2-glyceryl
In position monopalmitate]
ANNEX II

[F""DETERMINATION OF FREE FATTY ACIDS, COLD METHOD)]
1. DETERMINATION OF ACIDITY

The determination of free fatty acids in olive oils. The content of free fatty acids is expressed
as acidity calculated conventionally.

1.1. Principle

A sample is dissolved in a mixture of solvents and the free fatty acids present titrated using an
ethanolic solution of potassium hydroxide.

1.2. Reagents

All the reagents should be of recognized analytical quality and the water used either distilled
or of equivalent purity.

1.2.1.  [*Diethyl ether]; 95 % ethanol (v/v), mixture of equal parts by volume.
Note:

[*'Diethyl ether] is highly inflammable and may form explosive peroxides. Special care should
be taken in its use.

Neutralize precisely at the moment of use with the potassium hydroxide solution (1.2.2), with
the addition of 0,3 ml of the phenolpthalein solution (1.2.3) per 100 ml of mixture.
Note:

If it is not possible to use [¥'diethyl ether], a mixture of solvents containing ethanol and toluene
may be used. If necessary, ethanol may be replaced by propanol-2.

1.2.2.  Potassium hydroxide, titrated ethanolic solution, c¢(KOH) about 0,1 mol/l or, if
necessary, ¢(KOH) about 0,5 mol/I.

The exact concentration of the ethanolic solution of potassium hydroxide must be known and
checked immediately prior to use. Use a solution prepared at least five days before use and
decanted into a brown glass bottle with a rubber stopper. The solution should be colourless or
straw coloured.

Note:

A stable colourless solution of potassium hydroxide may be prepared as follows. Bring to the
boil 1 000 ml of ethanol with 8 g of potassium hydroxide and 0,5 g of aluminium shavings
and continue boiling under reflux for one hour. Distill immediately. Dissolve in the distillate
the required quantity of potassium hydroxide. Leave for several days and decant the clear
supernatant liquid from the precipitate of potassium carbonate.
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The solution may also be prepared without distillation as follows: to 1 000 ml of ethanol add 4
ml of aluminium butylate and leave the mixture for several days. Decant the supernatant liquid
and dissolve the required quantity of potassium hydroxide. The solution is ready for use.

1.2.3.  Phenolphthalein, 10 g/l solution in 95 to 96 % ethanol (v/v) or alkaline blue, (in the
case of strongly coloured fats) 20 g/l solution in 95 to 96 % ethanol (v/v).

1.3. Apparatus

Usual laboratory equipment including:

1.3.1.  analytical balance;

1.3.2. 250 ml conical flask;

1.3.3. 10 ml burette, graduated in 0,05 ml.
1.4. Procedure

1.4.1.  Preparation of the specimen for testing

(Carry out the test on the filtered sample. Where moisture and impurities together are less than
1 %, use the specimen without further treatment; where they exceed 1 %, it should be filtered.)

1.4.2.  Taking the sample

Take a sample depending on the presumed acid number in accordance with the following table:

Expected acid value Mass of sample(g) Weighing accuracy(g)
<1 20 0,05

1to4 10 0,02

4to15 2,5 0,01

15t0 75 0,5 0,001

>175 0,1 0,0002

Weigh the sample in the conical flask (1.3.2).
1.43.  Determination

Dissolve the sample (1.4.2) in 50 to 150 ml of the previously neutralized mixture of diethyl
[M'ether] and ethanol (1.2.1).

Titrate while stirring with the 0,1 mol/l solution of potassium hydroxide (1.2.2) (see Note 2) until
the indicator changes (the pink colour of the phenolphtalein persists for at least 10 seconds).
Note 1.

The titrated ethanolic solution of potassium hydroxide (1.2.2) may be replaced by an aqueous
solution of potassium or sodium hydroxide provided that the volume of water introduced does
not induce phase separation.

Note 2.

If the quantity of 0,1 mol/l potassium hydroxide solution required exceeds 10 ml, use the 0,5
mol/l solution.
Note 3.
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If the solution becomes cloudy during titration, add enough of the solvents (1.2.1) to give a
clear solution.

L.5. Acidity: expressed as percentage of oleic acid

Acidity as a percentage by weight is equal to:

F M Lixk T
Vixex o] * L et

where:

A% = the volume of titrated potassium hydroxide solution used, in millilitres;

c = the exact concentration in moles per litre of the titrated solution of
potassium hydroxide used;

M = the molar weight in grams per mole of the acid used to express the result
(=282);

m = the weight in grams of the sample.

F11

[¥'Take as the result, the arithmetic mean [F"'of two calculations] carried out.]

ANNEX III

DETERMINATION OF PEROXIDE VALUE
L. SCOPE
This Standard describes a method for the determination of the peroxide value of oils and fats.
2. FIELD OF APPLICATION
This Standard is applicable to animal and vegetable oils and fats.
3. DEFINITION

The peroxide value is the quantity of those substances in the sample, expressed in terms of
milliequivalents of active oxygen per kilogram, which oxidize potassium iodide under the
operating conditions described.

4. PRINCIPLE

Treatment of the test portion, in solution in acetic acid and chloroform, by a solution of
potassium iodide. Titration of the liberated iodine with standardized sodium thiosulphate
solution.

5. APPARATUS

All the equipment used shall be free from reducing or oxidizing substances.
Note:

Do not grease ground surfaces.
5.1 3 ml glass scoop.

5.2. Flasks, with ground necks and stoppers, of about 250 ml capacity, dried beforehand
and filled with a pure, dry inert gas (nitrogen or, preferably, carbon dioxide).

5.3. 25- or 50-ml burette, graduated in 0,1 ml.
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6. REAGENTS

6.1. Chloroform, analytical reagent quality, freed from oxygen by bubbling a current of
pure, dry inert gas through it.

6.2. Glacial acetic acid, analytical reagent quality, freed from oxygen by bubbling a current
of pure, [X'dry inert gas] through it.

6.3. Potassium iodide, saturated aqueous solution, recently prepared, free from iodine and
iodates.

6.4. Sodium thiosulphate, 0,01 or 0,002 [¥'Mol/L accurately] standardized aqueous
solution, standardized just before use.

6.5. Starch solution, 10 g/l aqueous dispersion, recently prepared from natural soluble
starch.

7. SAMPLE

Take care that the sample is taken and stored away from the light, kept cold and contained in
completely filled glass containers, hermetically sealed with ground-glass or cork stoppers.

8. PROCEDURE

The test shall be carried out in diffuse daylight or in artificial light. Weigh in a glass scoop (5.1)
or, failing this, in a flask (5.2), to the nearest 0,001 g, a mass of the sample in accordance with
the following table, according to the expected peroxide value:

Expected peroxide value(meq) Weight of test portion(g)
Oto12 5,0t02,0
12 t0 20 2,0to 1,2
20 to 30 1,2t0 0,8
30to 50 0,8t0 0,5
50to0 90 0,5t00,3

Unstopper a flask (5.2) and introduce the glass scoop containing the test portion. Add 10 ml of
chloroform (6.1). Dissolve the test portion rapidly by stirring. Add 15 ml of acetic acid (6.2),
then 1 ml of potassium iodide solution (6.3). Insert the stopper quickly, shake for one minute,
and leave for exactly five minutes away from the light at a temperature from 15 to 25 °C.

Add about 75 ml of distilled water. Titrate the liberated iodine with the sodium thiosulphate

solution [*'(6.4) (0,002 Mol/L solution for expected values less than 12, and 0,01 Mol/L
solution] for expected values above 12) shaking vigorously, using starch solution (6.5) as
indicator.

Carry out two determinations on the same test sample.

Carry out simultaneously a blank test. If the result of the blank exceeds 0,05 ml of [¥'0,01 mol/
L sodium] thiosulphate solution (6.4), replace the impure reagents.

9. EXPRESSION OF RESULTS
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The peroxide value (PV), expressed in milliequivalents of active oxygen per kilogram, is given
by the formula:

PV § T s 100

where:

\Y = the number of ml of the standardized sodium thiosulphate solution (6.4)
used for the test, corrected to take into account the blank test;

T = [*'the exact molarity] of the sodium thiosulphate solution (6.4) used;

m = the weight in g, of the test portion.

Take as the result the arithmetic mean of the two determinations carried out.

[F"ANNEX IV

DETERMINATION OF WAX CONTENT BY
CAPILLARY COLUMN GAS CHROMATOGRAPHY

1. SUBJECT

This method describes a process for determining the wax content of olive oils. Waxes are
separated according to the number of their carbon atoms. The method may be used in particular
to distinguish between olive oil obtained by pressing and that obtained by extraction (olive-
residue oil).

2. PRINCIPLE

Addition of a suitable internal standard to the fat or oil, then fractionation by chromatography
on a hydrated silica gel column. Recovery under the test conditions of the fraction eluted first
(the polarity of which is less than that of the triglycerides), then direct analysis by capillary
column gas chromatography.

3. EQUIPMENT
3.1. 25 ml Erlenmeyer flask.
3.2. Glass column for gas chromatography, internal diameter 15,0 mm, length 30 to 40 cm,

fitted with a stopcock.

3.3. Suitable gas chromatograph with a capillary column, equipped with a system for direct
introduction into the column comprising the following:

3.3.1.  Thermostatic chamber for the columns, equipped with a temperature programmer.
3.3.2.  Cold injector for direct introduction into the column.
3.3.3.  Flame ionisation detector and converter-amplifier.

3.3.4.  Recorder-integrator capable of working with the converter-amplifier (3.3.3), rate of
response no slower than 1 second, with variable paper speed. (It is also possible to use
computerised systems that allow the acquisition of gas chromatography data via a PC.)

3.3.5.  Glass or fused silica capillary column 8 to 12 m long and with an internal diameter
of 0,25 to 0,32 mm, with liquid phase, with a uniform film thickness between 0,10
and 0,30 um. (There are liquid phases suitable for the purpose of type SE-52 or SE-54
available on the market.)
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3.4. 10 pl microsyringe for on-column injection, equipped with a hardened needle.
3.5. Electrovibrator.

3.6. Rotary evaporator.

3.7. Muffle furnace.

3.8. Analytical balance with guaranteed precision of + 0,1 mg.

3.9. Normal laboratory glassware.

4. REAGENTS

4.1. Silica gel with a granule size of between 60 and 200 pm.

Place the gel in the furnace at 500 °C for at least four hours. After cooling, add 2 % water
in relation to the quantity of sampled silica gel. Shake well to homogenise the slurry. Keep in
darkness for at least 12 hours prior to use.

4.2. n-hexane, for chromatography.
4.3. Ethyl ether, for chromatography.
4.4. n-heptane, for chromatography.

4.5. Standard solution of lauryl arachidate, at 0,1 % (m/v) in hexane (internal standard).
(It is also possible to use palmityl palmitate or myristyl stearate.)

4.5.1.  Sudan 1 (I-phenyl-azo-2-naphthol).
4.6. Carrier gas: hydrogen or helium, gas-chromatographic purity.

4.7. Auxiliary gases:
— pure hydrogen for gas chromatography,
— pure air for gas chromatography.

5. PROCEDURE
5.1. Preparation of the chromatographic column.

Suspend 15 g of silica gel (4.1) in the n-hexane (4.2) and introduce it into the column (3.2).
Allow to settle spontaneously. Complete settling with the aid of an electrovibrator (3.5) to
make the chromatographic layer more homogeneous. Percolate 30 ml of n-hexane to remove
any impurities. Using the balance (3.8) weigh exactly 500 mg of the sample into the 25 ml
Erlenmeyer flask (3.1), add the appropriate quantity of the internal standard (4.5) according to
the presumed wax content. For example, add 0,1 mg of lauryl arachidate for olive oil, and 0,25
to 0,5 mg for olive-residue oil. Transfer the prepared sample to the chromotography column
using two 2 ml portions of n-hexane (4.2).

Allow the solvent to flow away until it reaches 1 mm above the upper level of the absorbant
then percolate a further 70 ml of n-hexane in order to eliminate the n-alkanes naturally present.
Then start the chromatographic elution by collecting 180 ml of the mixture of n-hexane/ethyl
ether (ratio 99:1), keeping a rate of flow of approximately 15 drops every 10 seconds. Elution
of the sample must be carried out at a room temperature of 22 + 4 °C.

NB:

— The n-hexane/ethyl ether mixture (99:1) must be prepared every day.
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— For a visual check on the correct elution of the waxes 100 pl of 1 % Sudan in
the elution mixture can be added to the sample in solution. Since the colourant has
an intermediate retention, between waxes and triglycerides, when the coloration has
reached the bottom of the column the elution should be suspended because all the
waxes will have been eluted.

Dry the fraction thus obtained in a rotary evaporator (3.6.) until virtually all the solvent has been
eliminated. Eliminate the final 2 ml of solvent with the aid of a weak current of nitrogen; then
add 2-4 ml n-heptane.

5.2. Analysis by gas chromatography
5.2.1.  Preparatory work

Fit the column to the gas chromatograph (3.3) by connecting the inlet port to the on-column
system and the outlet port to the detector. Perform a general check on the GC apparatus
(operation of gas circuits, detector and recorder efficiency, etc.).

If the column is being used for the first time it should be conditioned first. Pass a little gas
through the column, then turn on the GC apparatus. Heat gradually until 350 °C is reached after
about four hours. Maintain that temperature for at least two hours then regulate the apparatus
to operating conditions (set gas flow, light flame, connect to the electronic recorder (3.3.4), set
temperature of column chamber, detector, etc.) and record the signal at a sensitivity at least
twice as high as that required for the analysis. The baseline must be linear, with no peaks of any
kind, and must not show any deviation.

A negative straight-line drift indicates that the column connections are not tight; a positive drift
that the column has not been sufficiently conditioned.

5.2.2.  Choice of operating conditions

The operating conditions are generally as follows:
— column temperature:

20 °C/ 5°C/ 20 °C/

minute minute minute
Initially — 240 °C — 325°C — 340 °C
80 °C (6" (10"
(1

— detector temperature: 350 °C;

— quantity of substance injected: 1 pl of the n-heptane solution (2-4 ml);

— carrier gas: helium or hydrogen at the correct linear velocity for the gas selected (see
Appendix);

— instrument sensitivity: suitable for the following conditions:

The conditions may be modified according to the characteristics of the column and the GC
apparatus to obtain separation of all the waxes and a satisfactory peak resolution (see figure);
the internal standard Cs; retention time must be 18 £ 3 minutes. The most representative wax
peak must be at least 60 % of the full scale.

The peak integration parameters must be established so as to obtain a correct evaluation of the
areas of the peaks in question.
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NB: Given the high final temperature, a positive drift of no more than 10 % of the full scale
is permitted.

5.3. Performance of the analysis

Sample 1 pul of the solution using the 10 ul microsyringe; withdraw the syringe plunger so that
the needle is empty. Place the needle in the injector and after 1-2 seconds inject quickly; remove
the needle slowly after about five seconds.

Record until the waxes are completely eluted.
The base line must always satisfy the required conditions.
5.4. Identification of peaks

Identification of the different peaks should be based on retention time by comparison with wax
mixtures of known retention times analysed under the same conditions.

The figure is a chromatogram of the waxes of a virgin olive oil.
5.5. Evaluation of quantity

Calculate the areas of the peaks of the internal standard and the aliphatic esters of Cyg to Cyg
using the integrator.

Calculate the wax content of each of the esters in mg/kg fat using the formula:

ester, mg | kg As ’;" i

where:

Ay = area of each ester’s peak, in square millimetres;

A = area of the internal standard’s peak, in square millimetres;
mg = mass of added internal standard, in milligrams;

m = mass of sample for analysis, in grams.

6. EXPRESSION OF RESULTS

Indicate the total of the contents of the various Cyg to C4¢ waxes in mg/kg fat (ppm).

NB: The components to be quantified refer to the peaks with carbon pair numbers between esters
Cy4o and Cyg, using the example of the olive oil wax chromatogram shown in the figure below.
If ester Cy44 appears twice, it is recommended that to identify it the fraction of the waxes of an
olive-residue oil should be analysed where the Cy6 peak is easy to identify because it is in the
clear majority.

The results should be expressed to one decimal place.

Figure  Chromatogram of the waxes of an olive 0il”
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Appendix
Determination of the linear velocity of the gas

Inject 1-3 pl methane (or propane) into the GC apparatus after it has been regulated to normal
operating conditions. Measure the time it takes for the gas to flow through the column from the
time it is injected to the time the peak appears (ty).

The linear velocity in cm/s is given by the formula L/ty;, where L is the length of the column
in cm and ty; the time measured in seconds.]

[F?ANNEX V

DETERMINATION OF THE COMPOSITION AND CONTENT
OF STEROLS AND TRITERPENES DIALCOHOLS BY
CAPILLARY-COLUMN GAS CHROMATOGRAPHY

1. SCOPE

The method describes a procedure for determining the individual and total sterols and triterpene
dialcohols content of olive oils and olive-pomace oils.

2. PRINCIPLE

The oil, with added a-cholestanol as an internal standard, is saponified with potassium
hydroxide in ethanolic solution and the unsaponifiable matter is then extracted with ethyl ether.

The sterols and triterpene dialcohols fraction is separated from the unsaponifiable matter
by thin-layer chromatography on a basic silica gel plate. The fractions recovered from the
silica gel are transformed into trimethylsilyl ethers and then analysed by capillary column gas
chromatography.

3. APPARATUS

The usual laboratory equipment and in particular the following:

3.1 250 ml flask fitted with a reflux condenser with ground-glass joints.
3.2. 500 ml separating funnel.

3.3. 250 ml flasks.

3.4. Complete apparatus for analysis by thin-layer chromatography using 20 x 20 cm glass
plates.

3.5. Ultraviolet lamp with a wavelength of 254 or 366 nm.

3.6. 100 pl and 500 pl microsyringes.

3.7. Cylindrical filter funnel with a G3 porous septum (porosity 15-40 um) of diameter

approximately 2 cm and a depth of 5 cm, suitable for filtration under vacuum with
male ground-glass joint.

3.8. 50 ml vacuum conical flask with ground-glass female joint, which can be fitted to the
filter funnel (point 3.7).

3.9. 10 ml test tube with a tapering bottom and a sealing glass stopper.
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3.10. Gas chromatograph suitable for use with a capillary column with split injection system,
consisting of:

3.10.1. A thermostatic chamber for columns capable of maintaining the desired
temperature with an accuracy of + 1°C;

3.10.2. A temperature-adjustable injection unit with a persilanised glass vaporising
element and split system;

3.10.3. A flame ionisation detector (FID);

3.10.4. Data acquisition system suitable for use with the FID detector (point 3.10.3.),
capable of manual integration.

3.11. Fused-silica capillary column of length 20 to 30 m, internal diameter 0,25 to 0,32 mm,
coated with 5 % diphenyl - 95 % dimethylpolysiloxane (SE-52 or SE-54 stationary
phase or equivalent), to a uniform thickness between 0,10 and 0,30 um.

3.12. Microsyringe, of 10 ml capacity, for gas chromatography, with cemented needle
suitable for split injection.

3.13. Calcium dichloride desiccator

4. REAGENTS

4.1. Potassium hydroxide minimum titre 85 %.

4.2. Potassium hydroxide ethanolic solution, approximately 2 N.

Dissolve 130 g of potassium hydroxide (point 4.1) with cooling in 200 ml of distilled water and
then make up to one litre with ethanol (point 4.10). Keep the solution in well-stoppered dark
glass bottles and stored maximum two days.

4.3. Ethyl ether, for analysis quality.
4.4. Potassium hydroxide ethanolic solution, approximately 0,2 N.

Dissolve 13 g of potassium hydroxide (point 4.1) in 20 ml of distilled water and make up to
one litre with ethanol (point 4.10).

4.5. Anhydrous sodium sulphate, for analysis quality.

4.6. Glass plates (20x20 cm) coated with silica gel, without fluorescence indicator,
thickness 0,25 mm (commercially available ready for use).

4.7. Toluene, for chromatography quality.
4.8. Acetone, for chromatography quality.
4.9. n-Hexane, for chromatography quality.
4.10. Ethyl ether, for chromatography quality.
4.11. Ethanol of analytical quality.

4.12. Ethyl acetate of analytical quality.

4.13. Reference solution for thin-layer chromatography: cholesterol or phytosterols, and
erythrodiol 5 % solution in ethyl acetate (point 4.11).
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4.14. 2,7-dichlorofluorescein, 0,2 % in ethanolic solution. Make slightly basic by adding a
few drops of 2 N alcoholic potassium hydroxide solution (point 4.2).

4.15. Anhydrous pyridine, for chromatography quality (see Note 5).

4.16. Hexamethyl disilazane of analytical quality.

4.17. Trimethylchlorosilane of analytical quality.

4.18. Sample solutions of sterol trimethylsilyl ethers.

To be prepared at the time of use from sterols and erythrodiol obtained from oils containing

them.

4.19. a-cholestanol, purity more than 99 % (purity must be checked by GC analysis).

4.20. a-cholestanol internal standard solution, 0,2 % solution (m/V) in ethyl acetate (point
4.11).

4.21. Phenolphthalein solution, 10 g/L in ethanol (point 4.10).

4.22. Carrier gas: hydrogen or helium, gas-chromatographic purity.

4.23. Auxiliary gases: hydrogen, helium, nitrogen and air, of gas-chromatographic purity.

4.24. n-Hexane (point 4.9)/ethyl ether (point 4.10) mixture 65:35 (V/V).

4.25. Silylation reagent, consisting of a 9:3:1 (V/V/V) mixture of pyridine/hexamethyl
disilazane/trimethylchlorosilane.

5. PROCEDURE

5.1 Preparation of the unsaponifiable matter.

5.1.1.  Using a 500 pl microsyringe (point 3.6) introduce into the 250 ml flask (point 3.1)
a volume of the a-cholestanol internal standard solution (point 4.20) containing an
amount of cholestanol corresponding to approximately 10 % of the sterol content of
the sample. For example, for 5 g of olive oil sample add 500 pl of the a-cholestanol
solution (point 4.20) and 1 500 pl for olive-pomace oil. Evaporate until dryness with
a gentle current of nitrogen in a warm water bath, after cooling the flask, weigh 5 +
0,01 g of the dry filtered sample into the same flask.

Note 1. Animal or vegetable oils and fats containing appreciable quantities of cholesterol may
show a peak having a retention time close to cholestanol. If this occurs, the sterol
fraction will have to be analysed in duplicate with and without internal standard.

5.1.2.  Add 50 ml of 2 N ethanolic potassium hydroxide solution (point4.2) and some pumice,
fit the reflux condenser and heat to gentle boiling until saponification takes place (the
solution becomes clear). Continue heating for a further 20 minutes, then add 50 ml of
distilled water from the top of the condenser, detach the condenser and cool the flask
to approximately 30 °C.

5.1.3.  Transfer the contents of the flask quantitatively into a 500 ml separating funnel (point

3.2) using several portions of distilled water (50 ml). Add approximately 80 ml of
ethyl ether (point 4.10), shake vigorously for approximately 60 seconds, periodically
releasing the pressure by inverting the separating funnel and opening the stopcock.
Allow standing until there is complete separation of the two phases (Note 2).
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Then draw off the soap solution as completely as possible into a second separating funnel.
Perform two further extractions on the water-alcohol phase in the same way using 60 to 70 ml
of ethyl ether (point 4.10).

Note 2: Any emulsion can be destroyed by adding small quantities of ethanol (point 4.11).

5.1.4.  Combine the three ether extracts in one separating funnel containing 50 ml of water.
Continue to wash with water (50 ml) until the wash water no longer gives a pink colour
on the addition of a drop of phenolphthalein solution (point 4.21).

When the wash water has been removed, filter on anhydrous sodium sulphate (point 4.5) into
a previously weighed 250 ml flask, washing the funnel and filter with small quantities of ethyl
ether (point 4.10).

5.1.5.  Evaporate the solvent by distillation on a rotary evaporator at 30 °C under vacuum.
Add 5 ml of acetone and remove the volatile solvent completely in a gentle current
of air. Dry the residue in the oven at 10342 °C for 15 min. Cool in desiccators and
weigh to the nearest 0,1 mg.

5.2. Separation of the sterol and triterpene dialcohols fraction (erythrodiol + uvaol)

5.2.1.  Preparation of the basic thin layer chromatography plates. Immerse the silica gel plates
(point 4.6) about 4 cm in the 0,2 N ethanolic potassium hydroxide solution (point 4.5)
for 10 seconds, then allow to dry in a fume cupboard for two hours and finally place
in an oven at 100 °C for one hour.

Remove from the oven and keep in a calcium chloride desiccator (point 3.13) until required for
use (plates treated in this way must be used within 15 days).

Note 3: When basic silica gel plates are used to separate the sterol fraction there is no need to
treat the unsaponifiable fraction with alumina. In this way all compounds of an acid
nature (fatty acids and others) are retained on the spotting line and the sterols band is
clearly separated from the aliphatic and triterpene alcohols band.

5.2.2.  Place hexane/ethyl ether mixture (point 4.24) (Note 4) into the development chamber,
to a depth of approximately 1 cm. Close the chamber with the appropriate cover and
leave thus for at least half an hour, in a cool place, so that liquid-vapour equilibrium is
established strips of filter paper dipping into the eluent may be placed on the internal
surfaces of the chamber. This reduces developing time by approximately one-third and
brings about more uniform and regular elution of the components.

Note 4: The developing mixture needs to be replaced for every test, in order to achieve
perfectly reproducible elution conditions, alternative solvent 50:50 (V/V) n-hexane/
ethyl ether may be used.

5.2.3.  Prepare an approximately 5 % solution of the unsaponifiable (point 5.1.5) in ethyl
acetate (point 4.12) and, using the 100 ul microsyringe, depose 0,3 ml of the solution
on a narrow and uniform streak on the lower end (2 cm) of the chromatographic plate
(point 5.2.1). In line with the streak, place 2 to 3 ul of the material reference solution
(point 4.13), so that the sterol and triterpene dialcohols band can be identified after
developing.

5.2.4.  Place the plate in the developing chamber prepared as specified in point 5.2.2.
The ambient temperature should be maintained between 15 and 20 °C (Note 5).
Immediately close the chamber with the cover and allow eluting until the solvent front
reaches approximately 1 cm from the upper edge of the plate. Remove the plate from
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the developing chamber and evaporate the solvent in a flow of hot air or by leaving
the plate for a short while, under a hood.

Note 5: Higher temperature could worsen the separation.

5.2.5.  Spray the plate lightly and uniformly with the 2,7-dichlorofluorescein solution (point
4.14) and then leave to dry. When the plate is observed under ultraviolet light, the
sterols and triterpene dialcohols bands can be identified through being aligned with the
spots obtained from the reference solution (point 4.13). Mark the limits of the bands
along the edges of the fluorescence with a black pencil (see TLC plate figure 3).

5.2.6. By using a metal spatula, scrape off the silica gel of the marked area. Place the finely
comminuted material removed into the filter funnel (point 3.7). Add 10 ml of hot ethyl
acetate (point 4.12), mix carefully with the metal spatula and filter under vacuum,
collecting the filtrate in the conical flask (point 3.8.) attached to the filter funnel.

Wash the residue in the flask three times with ethyl ether (point 4.3) (approximately 10 ml each
time), collecting the filtrate in the same flask attached to the funnel, evaporate the filtrate to a
volume of 4 to 5 ml, transfer the residual solution to the previously weighed 10 ml test tube
(point 3.9), evaporate to dryness by mild heating, in a gentle flow of nitrogen, make up again
using a few drops of acetone (point 4.8), evaporate again to dryness,

The residue contained in the test tube must consist of the sterol and triterpene dialchols fractions.
5.3. Preparation of the trimethylsilyl ethers.

5.3.1.  Addthesilylation reagent (point 4.25) (Note 6), in the ratio of 50 pl for every milligram
of sterols and triterpene dialcohols, in the test tube containing the sterol and triterpene
fraction, avoiding any uptake of moisture (Note 7).

Note 6: Ready for use solutions are available commercially. Other silylation reagents, such as,
for example, bistrimethylsilyl trifluor acetamide + 1 % trimethylchlorosilane, which
has to be diluted with an equal volume of anhydrous pyridine, are also available.

Pyridine can be replaced by the same amount of acetonitrile.

5.3.2.  Stopper the test tube, shake carefully (without overturning) until the compounds
are completely dissolved. Leave to stand for at least 15 minutes at ambient
temperature and then centrifuge for a few minutes. The clear solution is ready for gas
chromatographic analysis.

Note 7. The slight opalescence, which may form, is normal and does not cause any anomaly.
The formation of a white flock or the appearance of a pink colour is indicative of the
presence of moisture or deterioration of the reagent. If this occurs, the test must be
repeated (only if hexamethyldisilazane/trimethylchlorosilane is used).

5.4. Gas chromatographic analysis.
5.4.1.  Preliminary operations, capillary column conditioning.

5.4.1.1. Fit the column (point 3.11) in the gas chromatograph, by attaching the inlet end to the
split injector and the outlet end to the detector.

Carry out general checks on the gas chromatograph unit (leaks from the gas circuits, detector
efficiency, efficiency of the splitting system and recording system, etc.).

5.4.1.2. If the column is being used for the first time, it is recommended that it be subjected
to conditioning: passing a gentle flow of gas through the column itself, then switch
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on the gas chromatography unit and begin a gradual heating, up to a temperature of at
least 20 °C above the operating temperature (Note 8). Hold this temperature for at least
two hours, then place the entire unit in operating mode (adjustment of gas flows and
splitting, ignition of the flame, connection with the computing system, adjustment of
the column, detector and injector temperature, etc.) and then record the signal with a
sensitivity at least two times greater than that one intended for the analysis. The course
of the base line must be linear, without peaks of any kind, and must not show drift.

A negative straight-line drift indicates leakage from the column connections; a positive drift
indicates inadequate conditioning of the column.

Note 8: The conditioning temperature must always be at least 20 °C less than the maximum
temperature specified for the stationary phase used.

5.4.2.  Choice of operating conditions.

5.4.2.1. The operating conditions are as follows:

— Column temperature: 260 + 5 °C;

— Injector temperature: 280-300 °C;

— Detector temperature: 280-300 °C;

— Linear velocity of the carrier gas: helium 20 to 35 cm/s; hydrogen 30 to 50 cm/s;
— Splitting ratio: from 1:50 to 1:100;

— Instrument sensitivity: from 4 to 16 times the minimum attenuation;

— Recording sensitivity: 1 to 2 mV full scale;

— Amount of substance injected: 0,5 to 1 pl of TMSE solution.

These conditions may be changed according to the characteristics of the column and gas

chromatograph, so as to obtain chromatograms, which meet the following requirements:

— The retention time for the B-sitosterol peak should be at 20 & 5 min;

— The campesterol peak should be: for olive oil (mean content 3 %) 20 + 5 % of full
scale; for soybean oil (average content 20 %) 80 + 10 % of full scale;

— All the present sterols must be separated. In addition to being separated the peaks,
they must also be completely resolved, i.e. the peak trace should return to the base line
before leaving for the next peak. Incomplete resolution is, however, tolerated, provided
that the peak at RRT 1,02 (Sitostanol) can be quantified using the perpendicular.

5.4.3.  Analytical procedure

5.4.3.1. By using the 10 pl microsyringe, take 1 pl of hexane, draw in 0,5 pl of air and then 0,5
to 1 pl of the sample solution. Raise the plunger of the syringe further, so the needle
is emptied. Push the needle through the membrane of the injector and after one to two
seconds, inject rapidly, and then slowly remove the needle after around five seconds.

An automatic injector can be used as well.

5.4.3.2. Carry out the recording until the TMSE of the present triterpene dialcohols are
completely eluted. The base line must continue to meet the requirements (point
5.4.1.2).

5.4.4. Peak identification

Identify individual peaks on the basis of retention times and by comparison with the mixture of
sterol and triterpene dialcohols TMSE, analysed under the same conditions (see Appendix).
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The sterols and triterpene dialcohols are eluted in the following order: cholesterol,
brassicasterol, ergosterol, 24-methylen-cholesterol, campesterol, campestanol, stigmasterol,
A7-campesterol, A5,23-stigmastadienol, clerosterol, B-sistosterol, sitostanol, A5-avenasterol,
AS5,24-stigmastadienol, A7-stigmastenol, A7-avenasterol, erythrodiol and uvaol.

The retention times for B-sitosterol, for SE-52 and SE-54 columns, are shown in Table 1.
Figures 1 and 2 show typical chromatograms for some oils.
5.4.5.  Quantitative evaluation.

5.4.5.1. Calculate the areas of the a-cholestanol and the sterol and triterpene dialcohols
peaks by using the computing system. Ignore peaks for any compound which are
not included (ergosterol must not be calculated) among those listed in Table 1. The
response factor for a-cholestanol should be considered equal to 1.

5.4.5.2. Calculate the concentration of each individual sterol, in mg/kg of fatty material, as

follows:
sterol x = 22 ;':n-:u
where:
Ay = peak area for sterol x, in computing system counts;
A = area of the a-cholestanol peak, in computing system counts;
mg = mass of added a-cholestanol, in milligrams;
m = mass of the sample used for determination, in grams.
6. EXPRESSION OF THE RESULTS
6.1. Report individual sterol concentrations as mg/kg of fatty material and their sum as

‘total sterols’.

The composition of each of the individual sterols and of the erythrodiol and uvaol should be
expressed to one decimal point.

Total sterol composition must be expressed without any decimal point.

6.2. Calculate the percentage of each individual sterol from the ratio of the relevant peak
area to the total peak area for sterols and erythrodiol and uvaol:

Mg
sterol x = -« 100

where:

Ay = peak area for x;

YA = total peak area for sterols;

6.3. Apparent B-sitosterol: A5-23-stigmastadienol + clerosterol + B-sitosterol + sitostanol
+ A5-avenasterol + A5-24-stigmastadienol.

6.4. Calculate the percentage of erythrodiol and uvaol:

Erythrodiol + Uvaol = 50— = 100

where

A = sum area for sterol in computing system counts;

Er = area of Erythrodiol in computing system counts;
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Uv = area of Uvaol in computing system counts;
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Appendix
Determination of the linear speed of the gas

With the gas chromatograph set to normal operating conditions, inject 1 to 3 pl of methane (or
propane) and measure the time taken by the gas to pass through the column, from the time of
injection to the time at which the peak appears (tM).

The linear speed in cm/s is given by L/tM, where L is the length of the column in centimetres

and tM is the measured time, in seconds.

Relative retention times for sterols

TABLE 1

Peak

Identification

Relative retention time

SE 54 column

SE 52 column

Cholesterol

A-5-
cholesten-3/-ol

0,67

0,63

Cholestanol

Sa-cholestan-3/3-
ol

0,68

0,64

Brassicasterol

[24S]-24-
methyl-A-5,22-
cholestadien-3/5-
ol

0,73

0,71

Ergosterol

[24S] 24

methy A5-7-22
cholestatrien 303-
ol

0,78

0,76

24-methylene-
cholesterol

24-methylene-
A-5,24-
cholestadien-3/-
ol

0,82

0,8

Campesterol

(24R)-24-
methyl-A-5-
cholesten-3/3-ol

0,83

0,81

Campestanol

(24R)-24-
methyl-
cholestan-3/3-ol

0,85

0,82

Stigmasterol

(24S)-24-
ethyl-A-5,22-
cholestadien-3/3-
ol

0,88

0,87

A-T7-campesterol

(24R)-24-
methyl-A-7-
cholesten-3/-ol

0,93

0,92

A-5,23-
stigmastadienol

(24R,S)-24-
ethyl-A-5,23-
cholestadien-3/3-
ol

0,95

0,95
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10

Clerosterol

(24S)-24-
ethyl-A-5,25-
cholestadien-3/3-
ol

0,96

0,96

11

J3-sitosterol

(24R)-24-
ethyl-A-5-
cholesten-3/3-ol

1,0

1,0

12

Sitostanol

24-ethyl-
cholestan-3/-ol

1,02

1,02

13

A-5-avenasterol

(247)-24-
ethylidene-A-
cholesten-3/-ol

1,03

1,03

14

A-5-24-
stigmastadienol

(24R,S)-24-
ethyl-A-5,24-
cholestadien-3/3-
ol

1,08

1,08

15

A-7-stigmastenol

(24R,S)-24-
ethyl-A-7-
cholesten-3/3-ol

1,12

1,12

16

A-7-avenasterol

(247)-24-
ethylidene-A-7-
cholesten-3/3-ol

1,16

1,16

17

Erythrodiol

S5a
olean-12en-3628
diol

1,41

2

1,41

2

18

Uvaol

Al2-ursen-36328
diol

1,52

1,52

Figure 1
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Gas chromatogram of the sterol and triterpene dialchols fraction of a lampante olive oil
(spiked with internal standard)
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Figure 2
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Gas chromatogram of the sterol and triterpene dialchols fraction of a refined olive oil
(spiked with internal standard)
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Figure 3
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TLC plate olive-pomace oil with the zone that must be scraped for sterols and
triterpenic dialcohols determination]|

[F""ANNEX VII

DETERMINATION OF THE PERCENTAGE OF 2-GLYCERYL MONOPALMITATE
1. PURPOSE AND SCOPE

This method describes the analysis procedure for determining the percentage of palmitic acid
in position 2 of the triglycerides by evaluating 2-glyceryl monopalmitate.

This method can be applied to liquid vegetable oils at ambient temperature (20 °C).
2. PRINCIPLE

After preparation the oil sample is subjected to the action of pancreatic lipase: partial and
specific hydrolysis in positions 1 and 3 of the triglyceride molecule causes monoglycerides to
appear in position 2. The percentage of 2-glyceryl monopalmitate in the monoglyceride fraction
is determined after silylation by capillary-column gas chromatography.

3. APPARATUS AND MATERIALS
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3.1.
3.2
3.3.

3.4.
3.5.
3.6.
3.7.
3.8.
3.9.
3.10.
3.11.
3.12.
3.13.
3.14.

3.15.
3.16.
3.17.

3.18.

3.19.

4.2.
4.3.
4.4.

25 ml Erlenmeyer flask
100, 250 and 300 ml beakers

Glass chromatograph column, internal diameter 21-23 mm, length 400 mm, fitted with
a sintered glass disc and a stopcock

10, 50, 100 and 200 ml measuring cylinders

100 and 250 ml flasks

Rotary evaporator

10 ml conical-bottomed centrifuge tubes with groundglass stopper
Centrifuge for 10 and 100 ml tubes

Thermostat permitting a stable temperature of 40 + 0,5 °C

1 and 2 ml graduated pipettes

1 ml hypodermic syringe

100 pl microsyringe

1 000 ml funnel

Capillary gas chromatograph with an on-column cold injector for direct injection of
the sample into the column and a furnace able to maintain the selected temperature
to approximately 1 °C

On-column cold injector for direct injection of the sample into the column
Flame ionisation detector and electrometer

Recorder-integrator adapted to the electrometer with a response rate no greater than
1 sec and a variable paper roll rate

Capillary column made of glass or fused silica 8-12 metres long, 0,25-0,32 mm
internal diameter, covered with methylpolysiloxane or phenyl methylpolysiloxane 5
%, 0,10-0,30 um thick, useable at 370 °C

10 pl microsyringe fitted with a hardened needle, at least 7,5 cm long for direct on-
column injection.

REAGENTS

Silica gel with a grain size of between 0,063 and 0,200 mm (70/280 mesh) prepared
as follows: Place the silica gel in a porcelain capsule, dry in an incubator at 160 °C
for four hours, then leave to cool at room temperature in a desiccator. Add water
equivalent to 5 % of the mass of the silica gel as follows: Weigh 152 g silica gel into an
Erlenmeyer flask then add 8 g of distilled water, stopper and shake gently to distribute
the water evenly. Leave to stand for at least 12 hours before use.

n-hexane (for chromatography)
Isopropanol

Isopropanol, 1/1 (v/v) aqueous solution
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4.5. Pancreatic lipase. It must have an activity of between 2,0 and 10 lipase units per mg.
(Pancreatic lipases with an activity of between 2 and 10 units per mg enzyme are
commercially available.)

4.6. Buffer solution of trishydroxymethylaminomethane: 1 M aqueous solution adjusted
to pH 8 (potentiometric control) by conc. HCI (1/1 v/v)

4.7. Enzyme-quality sodium cholate, 0,1 % aqueous solution (this solution must be used
within two weeks of its preparation)

4.8. Calcium chloride, 22 % aqueous solution

4.9. Diethyl ether for chromatography

4.10. Developer solvent: mixture of n-hexane/diethyl ether (87:13 v:v)
4.11. Sodium hydroxide, 12 % by weight solution

4.12. Phenolphthalein, 1 % solution in ethanol

4.13. Carrier gas: hydrogen or helium, for gas chromatography

4.14. Auxiliary gases: hydrogen, 99 % minimum purity, free from moisture and organic
substances, and air, for gas chromatography, of the same purity

4.15. Silanisation reagent: mixture of pyridine/hexamethyldisilazane, trimethylchlorosilane
9/3/1 (v/v/v). (Ready-to-use solutions are commercially available. Other silylation
reagents may be used, particularly bis-trimethylsilyl trifluoracetamide + 1 %
trimethylchlorosilane, diluted with an identical volume of anhydrous pyridine.)

4.16. Reference samples: pure monoglycerides or monoglyceride mixtures with a known
percentage composition similar to that of the sample.

5. METHOD

5.1. Sample preparation

5.1.1.  Oils with a free acidity of less than 3 % do not need to be neutralised before
chromatography on a silica gel column. Oils with a free acidity of more than 3 % must
be neutralised as per point 5.1.1.1.

5.1.1.1. Pour 50 g of oil and 200 ml n-hexane into the 1 000 ml funnel (3.13). Add 100 ml
of isopropanol and a quantity of 12 % sodium hydroxide solution (4.11) equivalent to
the free acidity of the oil plus 5 %. Shake vigorously for one minute. Add 100 ml of
distilled water, shake again and leave to stand.

After decanting, remove the lower layer containing the soaps. Remove any intermediate layers
(mucilage and insoluble substances). Wash the hexane solution of the neutralised oil with
successive portions of 50-60 ml of the 1/1 (v/v) isopropanol/water solution (4.4) until the pink
colouration of the phenolphthalein disappears.

Remove most of the hexane by vacuum distillation (use a rotary evaporator, for example) and
transfer the oil into a 100 ml flask (3.5). Dry the oil in vacuum until the solvent is completely
removed.

After that procedure is completed, the acidity of the oil should be less than 0,5 %.
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5.1.2.  Put 1,0 g of the oil prepared as above into a 25 ml Erlenmeyer flask (3.1) and dissolve
in 10 ml of developer mixture (4.10). Leave the solution to stand for at least 15 minutes
before silica gel column chromatography.

If the solution is cloudy centrifuge it to ensure optimum conditions for chromatography. (Ready-
to-use 500 mg silica gel SPE cartridges can be used).

5.1.3.  Preparation of the chromatography column

Pour about 30 ml of the developer solvent (4.10) into the column (3.3), insert a piece of cotton
into the bottom part of the column using a glass rod; press to eliminate the air.

In a beaker prepare a suspension of 25 g of silica gel (4.1) in about 80 ml of developer solvent
and pour it into the column using a funnel.

Check that all the silica gel is in the column; wash with developer solvent (4.10), open the
stopcock and allow the liquid to reach a level about 2 mm above the level of the silica gel.

5.1.4.  Column chromatography
Weigh accurately 1,0 g of sample prepared as in point 5.1 into a 25 ml Erlenmeyer flask (3.1).

Dissolve the sample in 10 ml of developer solvent (4.10). Pour the solution into the
chromatography column prepared as in point 5.1.3. Avoid disturbing the surface of the column.

Open the stopcock and pour the sample solution until it reaches the level of the silica gel.
Develop with 150 ml of the developer solvent. Adjust the flow rate to 2 ml/min (so that 150 ml
enters the column in about 60-70 minutes).

Recover the eluate in a previously weighed 250 ml flask. Evaporate the solvent under vacuum
and remove the final traces of the solvent under a nitrogen current.

Weigh the flask and calculate the recovered extract.

(Ifready-to-use silica gel SPE cartridges are used use the following method: Put 1 ml of solution
(5.1.2) into the prepared cartridges with 3 ml of n-hexane.

After percolating the solution develop with 4 ml of n-hexane/diethyl ether 9/1 (v/v).
Recover the eluate in a 10 ml tube and evaporate to dry in a nitrogen current.

Expose the dry residue to pancreatic lipase (5.2). (It is essential to check the fatty acid
composition before and after crossing the SPE cartridge.)

5.2. Hydrolysis by pancreatic lipase

5.2.1.  Weigh into the centrifuge tube 0.1 g of the oil prepared as in point 5.1. Add 2 ml of
buffer solution (4.6), 0,5 ml of the sodium cholate solution (4.7) and 0,2 ml of the
calcium chloride solution, stirring well after each addition. Close the tube with the
groundglass stopper and place in the thermostat at 40 + 0,5 °C.

5.2.2.  Add 20 mg of lipase, shake carefully (avoid wetting the stopper) and place the tube in
the thermostat for exactly two minutes. Then remove it, shake vigorously for exactly
1 minute and leave to cool.

5.2.3. Add 1 ml of diethyl ether, stopper and shake vigorously, then centrifuge and transfer
the ether solution into a clean, dry tube using a microsyringe.

5.3. Preparation of the silanised derivatives and gas chromatography
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5.3.1.  With a microsyringe insert 100 pl of solution (5.2.3) into a 10 ml conical-bottomed
tube.
5.3.2.  Remove the solvent under a slight nitrogen current, add 200 pl of silanisation reagent
(4.15), stopper the tube and leave to stand for 20 minutes.
5.3.3.  After 20 minutes, add 1 to 5 ml of n-hexane (depending on the chromatography
conditions): the resulting solution is ready for gas chromatography.
54. Gas chromatography

Operating conditions:

54.1.

Injector temperature (on-column injector) lower than solvent boiling point (68 °C);
Detector temperature: 350 °C;

Column temperature: programming of furnace temperature: 60 °C for 1 minute,
increasing by 15 °C per minute up to 180 °C, then by 5 °C per minute up to 340 °C,
then 340 °C for 13 minutes;

Carrier gas: hydrogen or helium, set at a linear velocity sufficient to obtain the
resolution reflected in Figure 1. The retention time of the Csy4 triglyceride must be 40
+ 5 minutes (see Figure 2). (The operating conditions indicated above are indicative.
Operators will have to optimise them to obtain the desired resolution. The peak
corresponding to 2-glyceryl monopalmitate must have a minimum height equal to 10
% of the recorder scale.)

Quantity of substance injected: 0,5-1 pul of the n-hexane solution (5 ml) (5.3.3).

Identification of the peaks

The individual monoglycerides are identified from their retention times and by comparison with
those obtained for standard monoglyceride mixtures under the same conditions.

54.2.

Quantitative evaluation

The area of each peak is calculated using an electronic integrator.

6.

EXPRESSION OF RESULTS

The percentage of glyceryl monopalmitate is calculated from the ratio between the area of the
corresponding peak and the areas of the peaks of all the monoglycerides (see Figure 2) using
the formula:

glyceryl monopalmitate (%):

"J
T4

where:

Ax
TA

= 1M}

= area of the peak corresponding to glyceryl monopalmitate
= sum of the areas of all the monoglyceride peaks

The result must be to one decimal place.

7.

ANALYSIS REPORT

The analysis report must specify:

reference to this method,
all the information needed for a full identification of the sample,
the analysis result,
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— any deviation from the method, whether as the result of a decision by the parties
concerned or for another reason,

— details to identify the laboratory, the date of the analysis and the signatures of those
responsible for the analysis.
Figure 1

Chromatogram of the products of the silanisation reaction obtained by the action of lipase on
a refined olive oil with 20 % esterified oil added (100 %)
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Figure 2
Chromatogram of:

(A) unesterified olive oil, after lipase; after silanisation; under these conditions (8-12
m capillary column) the wax fraction is eluted at the same time as the diglyceride
fraction or slightly afterwards.

After lipase, the triglyceride content should not exceed 15 %
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Chromatogram of:
(B) unesterified oil after lipase; after silanisation; under these conditions (8-12 m

capillary column) the wax fraction is eluted at the same time as the diglyceride
fraction or slightly afterwards.

After lipase, the triglyceride content should not exceed 15 %.
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8. NOTES
Note I. PREPARATION OF THE LIPASE

Lipases with satisfactory activity are commercially available. They can also be prepared in the
laboratory in the following manner:

Cool to 0 °C 5 kg of fresh pig’s pancreas. Remove the surrounding solid fat and the connective
tissue and grind to a liquid paste in a blender. Stir the paste with 2,5 litres of anhydrous acetone
for 4-6 hours, then centrifuge. Extract the residue three more times with the same volume of
anhydrous acetone, then twice with an acetone/diethyl ether mixture (1/1 v/v) and twice with
diethyl ether.

Vacuum-dry the residue for 48 hours to obtain a stable powder which can be stored for a long
time in a refrigerator away from moisture.

Note 2.  MONITORING LIPASE ACTIVITY
Prepare an olive oil emulsion as follows:

In a mixer stir for 10 minutes a mixture of 165 ml of a 100 g/l gum arabic solution, 15 g of
crushed ice and 20 ml of a previously neutralised olive oil.

Pour 10 ml of the emulsion into a 50 ml beaker, then 0,3 ml of a 0,2 g/ml sodium cholate solution
and then 20 ml of distilled water.

Put the beaker in a thermostat set at 37 °C; introduce the electrodes of the pH meter and the
screw agitator.
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Using a burette, add a 0,1 N sodium hydroxide solution drop by drop until a pH of 8,3 is obtained.

Add an aliquot of the lipase powder suspension in water (0,1 g/ml of lipase). As soon as the pH
meter reads 8,3, start the chronometer and add the sodium hydroxide solution drop by drop at a
rate which maintains the pH at 8,3. Note every minute the volume of solution consumed.

Record the data on an x/y graph with the time on the x-axis and millilitres of 0,1 N alkaline
solution consumed to keep a constant pH on the y-axis. A linear graph should be obtained.

Lipase activity, expressed in lipase units per mg, is given by the following formula:

Ve W o 100
A m

where:

A is activity in lipase units/mg

\'% is the number of millilitres of 0,1 N sodium hydroxide solution per
minute (calculated on the basis of the graph)

N is the titre of the sodium hydroxide solution

m is the mass in mg of the test lipase.

A lipase unit is defined as the quantity of enzyme which releases 10 micro-equivalents of acid
per minute. ]
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[FANNEX IX

SPECTROPHOTOMETRIC INVESTIGATION IN THE ULTRAVIOLET
FOREWORD

Spectrophotometric examination in the ultraviolet can provide information on the quality of a
fat, its state of preservation and changes brought about in it by technological processes.
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The absorption at the wavelengths specified in the method is due to the presence of conjugated

diene and triene systems. These absorptions are expressed as specific extinctions E L% om
(the extinction of 1 % solution of the fat in the specified solvent, in a thickness of 1 cm)
conventionally indicated by K (also referred to as ‘extinction coefficient’).

L. SCOPE

The method describes the procedure for performing a spectrophotometric examination of olive
oil (as described in the Appendix) in the ultraviolet.

2. PRINCIPLE OF THE METHOD

The fat in question is dissolved in the required solvent and the extinction of the solution is then
determined at the specified wavelengths with reference to pure solvent. Specific extinctions are
calculated from the spectrophotometer readings. The specific absorbance at 232 nm and 268
nm in iso-octane or 232 nm and 270 nm in cyclohexane for a concentration of 1 g per 100 ml
in a 10 mm cell is calculated.

3. EQUIPMENT

3.1. A spectrophotometer for measuring extinction in the ultraviolet between 220 and
360 nm, with the possibility of reading individual nanometric units. Before use it
is recommended that the wavelength and absorbance scales of the spectrometer be
checked as follows.

3.1.1.  Wavelength scale: This may be checked using a reference material consisting of
an optical glass filter containing holmium oxide which has distinct absorption
bands. The reference material is designed for the verification and calibration of
the wavelength scales of visible and ultraviolet spectrophotometers having nominal
spectral bandwidths of 5 nm or less. The holmium glass filter is measured in the
absorbance mode against an air blank, over the wavelength range of 640 to 240 nm.
For each spectral bandwidth (0,10 — 0,25 — 0,50 — 1,00 — 1,50 — 2,00 and 3,00), a
baseline correction is performed with an empty cell holder. The wavelengths of the
spectral bandwidth are listed in the certificate of the reference material in ISO 3656.

3.1.2.  Absorbance scale: This may be checked using a reference material consisting of 4
solutions of potassium dichromate in perchloric acid sealed in four UV quartz cells to
measure the linearity and photometric accuracy reference in the UV. The potassium
dichromate filled cells (40 mg/ml, 60 mg/ml, 80 mg/ml and 100 mg/ml) are measured
against a perchloric acid blank. The net absorbance values are listed in the certificate
of the reference material in ISO 3656.

3.2 Rectangular quartz cells, with covers, having an optical length of 1 cm. When filled
with water or other suitable solvent the cells should not show differences between
them of more than 0,01 extinction units.

3.3. 25 ml graduated flasks.

34. Analytical balance, capable of being read to the nearest 0,0001 g.
4, REAGENTS

Use only reagents of recognized analytical grade, unless otherwise stated.

Solvent: Iso-octane (2,2,4-trimethylpentane) for the measurement at 232 nm and 268 nm or
cyclohexane for the measurement at 232 nm and 270 nm, having an absorbance less than 0,12
at 232 nm and less than 0,05 at 250 nm against distilled water, measured in a 10 mm cell.
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5. PROCEDURE

5.1. The sample in question must be perfectly homogeneous and without suspected
impurities. Oils which are liquid at ambient temperature are to be filtered through
paper at a temperature of approximately 30 °C, hard fats are to be homogenized and
filtered at a temperature of not more than 10 °C above the melting point.

5.2. Weigh accurately approximately 0,25 g (to the nearest 1 mg) of the sample so prepared
into a 25 ml graduated flask, make up to the mark with the solvent specified and
homogenize. The resulting solution must be perfectly clear. If opalescence or turbidity
is present filter quickly through paper.

5.3. Fill a quartz cell with the solution obtained and measure the extinctions at an
appropriate wavelength between 232 and 276 nm, using the solvent used as a
reference.

The extinction values recorded must lie within the range 0,1 to 0,8. If not the measurements
must be repeated using more concentrated or more dilute solutions as appropriate.

NOTE: 1t may not be necessary to measure the absorbance over the full wavelength range.
6. EXPRESSION OF THE RESULTS

6.1. Record the specific extinctions (extinction coefficients) at the various wavelengths
calculated as follows:

where:

KA = specific extinction at wavelength A,

EA = extinction measured at wavelength A;

c = concentration of the solution in g/100 ml;
s = thickness of the quartz cells in cm.

The results are to be expressed to two decimal places.
6.2. Variation of the specific extinction (AK)

Spectrophotometric analysis of olive oil in accordance with the official method in the Union
legislation involves also the determination of the variation of the absolute value of the specific
extinction (AK), which is given by:

Kot " Kumst | |
K o (B2
where Km is the specific extinction at wavelength m, the wavelength for maximum absorption
depends on the solvent used: 270 for cyclohexane and 268 for iso-octane.
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Appendix

OLIVE OIL CHARACTERISTICS

Category | Fatty AcidjtPeroxitéaxes2 Stigm Difédiaere: K7 Delta- OrgdnGlegdiroleptic
acid | (%) | index mg/ | glycerihg/ | ECN42*) | (*) | K | evalua¢imluation
methyl*) | mEq kg | monopalmit(#ddPLC) ‘K | (¥)* | Medjakliruity
este 02/ | (**)| (%) and 270 defe¢t median
(FAMES) | kg ECN42 or Md) (Mf)
and *) (thegretical K &) |
fatty calculation) 768
acid
ethy
este
(FAEEs)

1. Extra| X <0,8|<20 |< <09 < <0,2|< < < Md |Mf>

virgin FAME 250 |if 0,10 2,50 10,22 10,01 |= 0
olive |+ total
oil |FAEH palmitic
<75 acid
mg/ % <
kg 14 %
or 75 <1.0
mg/ :
ke if
<5 total 1
FAMI palmitic
+ acid
FAERH %>
<150 14%
mg/
kg
and
(FAEE/
FAME)
<L,5
2. Virgin— |<2,0/<20 |< <0,9|< <0,2|< < < Md |Mf>
olive 250 |if 0,10 2,60 10,25 0,01 |{<3,5|0
oil total
palmitic
acid
% <
14 %

a  Total isomers which could (or could not) be separated by capillary column.

b Or where the median defect is less than or equal to 3,5 and the fruity median is equal to 0.

c Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be lampante olive oil if the total aliphatic
alcohol content is less than or equal to 350 mg/kg or if the erythrodiol and uvaol content is less than or equal to 3,5 %.

d  Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be crude olive-pomace oil if the total
aliphatic alcohol content is above 350 mg/kg and if the erythrodiol and uvaol content is greater than 3,5 %.

e K 270 if solvant is cyclohexane, K 268 if solvant is iso-octane.]
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<1,0
if
total
palmitic
acid
0% >
14 %

3. Lamppate [>2,0— |< <0,9|< <03|— |— |— |Md |—
olive 300¢ |if 0,50 >
oil total 3,5"
palmitic
acid
% <
14 %

<1,1
if
total
palmitic
acid
0% >
14 %

4, Refingd— [<0,3|<5 |< <09|— [£03]|— |
olive 350 |if 1,10
oil total
palmitic
acid

% <

14 %

<1,1
if
total
palmitic
acid
% >
14 %

5. Olive| — [Z1,0|<15 | <09|— [|£03|— |=
oil 350 |if 0,90
composed total
of palmitic
refined acid

and % <

virgin 14 %

SIA
=
(@)Y

SIA
=
(9]

a  Total isomers which could (or could not) be separated by capillary column.

b Or where the median defect is less than or equal to 3,5 and the fruity median is equal to 0.

c Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be lampante olive oil if the total aliphatic
alcohol content is less than or equal to 350 mg/kg or if the erythrodiol and uvaol content is less than or equal to 3,5 %.

d  Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be crude olive-pomace oil if the total
aliphatic alcohol content is above 350 mg/kg and if the erythrodiol and uvaol content is greater than 3,5 %.

e K 270 if solvant is cyclohexane, K 268 if solvant is iso-octane.]
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olive <10
oils if
total
palmitic
acid
% >
14 %
6. Crude— |— |— |> <14|— |<06|— |— |— |— |—
olive- 350¢
pomace
oil
7. Refingd— [<0,3 <5 |> <l4|— [£05]— | < —  |—
olive- 350 2,00 0,20
pomace
oil
8. Olive <1,0|<15 |> <1,2|— |205]|— |= < — |—
pomace 350 1,70 [ 0,18
oil

a  Total isomers which could (or could not) be separated by capillary column.

b Or where the median defect is less than or equal to 3,5 and the fruity median is equal to 0.

c Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be lampante olive oil if the total aliphatic
alcohol content is less than or equal to 350 mg/kg or if the erythrodiol and uvaol content is less than or equal to 3,5 %.

d  Oils with a wax content of between 300 mg/kg and 350 mg/kg are considered to be crude olive-pomace oil if the total
aliphatic alcohol content is above 350 mg/kg and if the erythrodiol and uvaol content is greater than 3,5 %.

e K270 if solvant is cyclohexane, K 268 if solvant is iso-octane.|

ANNEX X A

ANALYSIS BY GAS CHROMATOGRAPHY OF METHYL ESTERS OF FATTY ACIDS
1. SCOPE

This method gives general guidance for the application of gas chromatography, using packed
or capillary columns, to determine the qualitative and quantitative composition of a mixture of
fatty acid methyl esters obtained in accordance with the method specified in Annex X B.

The method is not applicable to polymerized fatty acids.
2. REAGENTS
2.1. Carrier gas

Inert gas (nitrogen, helium, argon, hydrogen, etc.), thoroughly dried and with an oxygen content
of less than 10 mg/kg.
Note 1.

Hydrogen, which is used as a carrier gas only with capillary columns, can double the speed of
analysis but is hazardous. Safety devices are available.

2.2. Auxiliary gases
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2.2.1.  Hydrogen (purity > 99,9 %), feree from organic impurities.
2.2.2.  Air or oxygen, free from organic impurities.
2.3. Reference standard

A mixture of methyl esters of pure fatty acids, or the methyl esters of a fat of known composition,
preferably similar to that of the fatty matter to be analyzed.

Care shall be taken to prevent the oxidation of polyunsaturated fatty acids.

3. APPARATUS

The instructions given relate to the usual equipment used for gas chromatography, employing
packed and/or capillary columns and a flame-ionization detector. Any apparatus giving the
efficiency and resolution specified in 4.1.2 is suitable.

3.1. Gas chromatograph

The gas chromatograph shall comprise the following elements.
3.1.1.  Injection system

Use an injection system either:

(a) with packed columns, having the least deadspace possible (in this case the injection
system shall be capable of being heated to a temperature 20 to 50 °C higher than that
of the column); or

(b) with capillary columns, in which case the injection system shall be specially designed
for use with such columns. It may be of the split type or it may be of the splitless on
column injector type.

Note 2.

In the absence of fatty acids with less than 16 carbon atoms, a moving needle injector may be
used.

3.1.2. Oven

The oven shall be capable of heating the column to a temperature of at least 260 °C and of
maintaining the desired temperature to within 1 °C with a packed column and within 0,1 °C
with a capillary column. The last requirement is particularly important when a fused silica tube
is used.

The use of temperature-programmed heating is recommended in all cases, and in particular for
fatty acids with less than 16 carbon atoms.

3.1.3. Packed column

3.1.3.1. Column, constructed of a material inert to the substances to be analyzed (i.e. glass or
stainless steel) having the following dimensions:

(a) length: 1 to 3 m. A relatively short column should be used when long-chain fatty
acids (above Cy) are present. When analyzing acids with 4 or 6 carbon atoms, it is
recommended that a column 2 m in length is used;

(b) internal diameter: 2 to 4 mm.
Note 3.
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If polyunsaturated components with more than three double bonds are present, they may be
decomposed in a stainless steel column.
Note 4.

A system with packed twin columns may be used.
3.1.3.2. Packing, comprising the following elements:

(a) support: acid-washed and silanized diatomaceous earth, or other suitable inert support
with a narrow range of grain size (25 pm range between the limits 125 to 200 um) the
average grain size being related to the internal diameter and length of the column;

(b) stationary phase: polyester type of polar liquid (e.g. diethylene glycol polysuccinate,
butanediol polysuccinate, ethyleneglycol polyadipate, etc.) cyanosilicones or any
other liquid permitting the chromatographic separation required (see clause 4). The
stationary phase should amount to 5 to 20 % (m/m) of the packing. A non-polar
stationary phase can be used for certain separations.

3.1.3.3. Conditioning of the column

With the column disconnected, if possible, from the detector, gradually heat the oven to 185 °C
and pass a current of inert gas through the freshly prepared column at a rate of 20 to 60 ml/min
for at least 16 hours at this temperature, and for a further 2 hours at 195 °C.

3.1.4.  Capillary column

3.1.4.1. Tube, made of a material inert to the substances to be analysed (usually glass or fused
silica). The internal diameter shall be between 0,2 and 0,8 mm. The internal surface
shall undergo an appropriate treatment (e.g. surface preparation, inactivation) before
receiving the stationary phase coating. A length of 25 mm is sufficient in most cases.

3.1.4.2. Stationary phase, usually of the type polyglycol (poly(ethylene glycol) 20 000),
polyester (butanediol polysuccinate) or polar polysiloxane (cyanosilicones). Bonded
(cross-linked) columns are suitable.

Note 5.

There is a risk of polar polysiloxanes giving rise to difficulties in the identification and
separation of linolenic acid and C, acids.

The coatings shall be thin, i.e, 0,1 to 0,2 pm.
3.1.4.3. Assembly and conditioning of the column

Observe the normal precautions for assembling capillary columns, i.e. arrangement of the
column in the oven (support), choice and assembly of joints (leak tightness), positioning of the
ends of the column in the injector and the detector (reduction of dead-spaces). Place the column
under a flow of carrier gas (e.g. 0,3 bar (30 kPa) for a column of length 25 mm and internal
diameter 0,3 mm).

Condition the column by temperature programming of the oven at 3 °C/min from ambient
temperature to a temperature 10 °C below the decomposure limit of the stationary phase.
Maintain the oven at this temperature for one hour until stabilization of the baseline. Return it
to 180 °C to work under isothermal conditions.

Note 6.

Suitably pre-conditioned columns are available commercially.

3.1.5.  Detector, preferably capable of being heated to a temperature above that of the column.
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3.2. Syringe
The syringe shall have a maximum capacity of 10 pl, and be graduated in 0,1 pl divisions.
3.3. Recorder

If the recorder curve is to be used to calculate the composition of the mixture analysed, an
electronic recorder of high precision, compatible with the apparatus used, is required. The
recorder shall have the following characteristics:

(a) rate of response, below 1,5 s, preferably 1 s (the rate of response is the time taken
for the recording pen to pass from 0 to 90 % following the sudden introduction of a
100 % signal);

(b) width of the paper, 20 cm minimum;

(©) paper speed, adjustable to values between 0,4 and 2,5 cm/min.

34. Integrator

Rapid and accurate calculation can be performed with the help of an electronic integrator. This
shall give a linear response with adequate sensitivity, and the correction for deviation of the
base-line shall be satisfactory.

4. PROCEDURE
The operations described in 4.1 to 4.3 relate to the use of a flame-ionization detector.

As an alternative a gas chromatograph employing a catharometer detector (working on the
principle of thermal conductivity changes) may be used. The operating conditions are then
modified as described in clause 6.

4.1. Test conditions
4.1.1.  Selection of optimum operating conditions
4.1.1.1. Packed column

In the selection of the test conditions, the following variables should be taken into account:

(a) the length and diameter of the column;

(b) the nature and amount of the stationary phase;

(©) the temperature of the column;

(d) the carrier gas flow;

(e) the resolution required;

) the size of the test portion, selected in such a way that the assembly of the detector

and electrometer gives a linear response;
(2) the duration of analysis.

In general, the values given in Table 1 and Table 2 will lead to the desired results, i.e. at least
2 000 theoretical Iplates per metre of column length for methyl stearate and its elution within
about 15 minutes.
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Where the apparatus allows it, the injector should be at a temperature of about 200 °C and the
detector at a temperature equal to or higher than that of the column.

As a rule, the ratio of the flow-rate of the hydrogen supplied to the flame-ionization detector to
that of the carrier gas varies from 1:2 to 1:1 depending on the diameter of the column. The flow
of oxygen is about 5 to 10 times that of the hydrogen.

Table 1

Internal diameter of columnmm Carrier gas flowml/min
2 15t025

3 20 to 40

4 40 to 60

Table 2

Concentration of stationary phase% (m/ | Column temperature°C
m)

5 175
10 180
15 185
20 185

4.1.1.2. Capillary column

The properties of efficiency and permeability of capillary columns mean that the separation
between constituents and the duration of the analysis are largely dependent on the flow-rate of
the carrier-gas in the column. It will therefore be necessary to optimize the operating conditions
by acting on this parameter (or more simply on the headloss of the column), according to whether
one wishes to improve the separations or to make a rapid analysis.

4.1.2.  Determination of the number of theoretical plates (efficiency) and resolution (See
Figure 1)

Carry out the analysis of a mixture of methyl stearate and methyl oleate in about equivalent
proportions (for example, methyl esters from cocoa butter).

Choose the temperature of the column and the carrier gas flow so that the maximum of the
methyl stearate peak is recorded about 15 minutes after the solvent peak. Use a sufficient
quantity of the mixture of methyl esters that the methyl stearate peak occupies about three-
quarters of the full scale.

Calculate the number of theoretical plates, n (efficiency), using the formula:

n=18 'ﬂ]?

h

and the resolution, R, using the formula:
R 25

wp tay

where:
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drl is the retention distance, in millimetres, from the start of the chromatogram to the
maximum of the peak for methyl stearate;

ol and are the widths, in millimetres, of the peaks for methyl stearate and methyl oleate
02 respectively, measured between the points of intersection of the tangents at the points
of inflection of the curve with the base-line;

A is the distance, in millimetres, between the peak maxima for methyl stearate and

methyl oleate["']

Textual Amendments
F16 Substituted by Commission Regulation (EEC) No 1429/92 of 26 May 1992 amending Regulation (EEC)
No 2568/91 on the characteristics of olive oil and olive-residue oil and on the relevant methods of
analysis.

[7and the resolution index, Ir, using the formula

Textual Amendments
F17 Inserted by Commission Regulation (EEC) No 1429/92 of 26 May 1992 amending Regulation (EEC) No
2568/91 on the characteristics of olive oil and olive-residue oil and on the relevant methods of analysis.

where:

the height of the smallest peak, measured from the base line;
= the height of the lowest point of the valley between the two adjacent
peaks, measured from the base line.]

(o]


http://www.legislation.gov.uk/id/eur/1992/1429
http://www.legislation.gov.uk/id/eur/1992/1429
http://www.legislation.gov.uk/id/eur/1992/1429
http://www.legislation.gov.uk/id/eur/1992/1429
http://www.legislation.gov.uk/id/eur/1992/1429
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The operating conditions to be selected are those which will afford at least 2 000 theoretical
plates per metre of column length for methyl stearate and a resolution of at least 1,25.

4.2. Test portion

Using the syringe (3.2) take 0,1 to 2 ul of the solution of methyl esters prepared according to
Annex X B and inject them into the column.

In the case of esters not in solution, prepare a solution of approximately 100 mg/ml in heptane
of chromatographic quality, and inject 0,1 to 1 ml of this solution.

If the analysis is for constituents present only in trace amounts, the size of the test portion may
be increased (up to 10-fold).

4.3. Analysis
Generally, the operating conditions shall be those defined in 4.1.1.

Nevertheless, it is possible to work with a lower column temperature when the determination
of fatty acids with fewer than 12 carbon atoms is required, or at a higher temperature when
determining fatty acids with more than 20 carbon atoms. On occasion, it is possible to employ
temperature programming in both these cases. For example, if the sample contains the methyl
esters of fatty acids with fewer than 12 carbon atoms, inject the sample at 100 °C (or at 50 to
60 °C if butyric acid is present) and immediately raise the temperature at a rate of 4 to 8 °C/min
to the optimum. In certain cases, the two procedures can be combined.



Commission Regulation (EEC) No 2568/91 of 11 July 1991 on the characteristics of-.. 65
ANNEX X A4
Document Generated: 2024-06-29

Status: Point in time view as at 01/03/2014.
Changes to legislation: There are outstanding changes not yet made to Commission
Regulation (EEC) No 2568/91. Any changes that have already been made to the legislation
appear in the content and are referenced with annotations. (See end of Document for details)

After the programmed heating, continue the elution at a constant temperature until all the
components have been eluted. If the instrument does not have programmed heating, use it at
two fixed temperatures between 100 and 195 °C.

If necessary, it is recommended that an analysis be carried out on two fixed phases with different
polarities to verify the absence of masked peaks, for example in the case of the simultaneous
presence of C;g.3 and Cyg.9, or C;g.3 and C;g., conjugated.

4.4, Preparation of the reference chromatogram and reference graphs

Analyze the reference standard mixture (2.3) using the same operating conditions as those
employed for the sample, and measure the retention times or retention distances for the
constituent fatty acids. Construct on semi-logarithmic paper, for any degree of unsaturation,
the graphs showing the logarithm of retention time or distance as a function of the number of
carbon atoms. In isothermal conditions, the graphs for straight-chain acids of the same degree
of unsaturation should be straight lines. These lines should be approximately parallel.

It is necessary to avoid conditions such that ‘masked peaks’ exist, i.e. where the resolution is
insufficient to separate two constituents.

5. EXPRESSION OF RESULTS
5.1. Qualitative analysis

Identify the methyl ester peaks for the sample from the graphs prepared in 4.4, if necessary by
interpolation.

5.2. Quantitative analysis
5.2.1.  Determination of the composition

Apart from exceptional cases, use the internal normalization method, i.e. assume that the whole
of the components of the sample are represented on the chromatogram, so that the total of the
areas under the peaks represents 100 % of the constituents (total elution).

If the equipment includes an integrator, use the figures obtained therefrom. If not, determine
the area under each peak by multiplying the height of the peak by its width at mid-height, and
where necessary take into account the various attenuations used during the recording.

5.2.2. Method of calculation
5.2.2.1. General case

Calculate the content of a given component i, expressed as a percentage by mass of methyl
esters, by determining the percentage represented by the area of the corresponding peak relative
to the sum of the areas of all the peaks, using the following formula:

A %100

where:

Ai is the area under the peak corresponding to component i;
A is the sum of the areas under all the peaks.

Give the result to one decimal place.
Note 7:

In this general case, the result of the calculation based on relative areas is considered to represent
a percentage by mass. For the cases in which this assumption is not allowed, see 5.2.2.2.



66 Commission Regulation (EEC) No 2568/91 of 11 July 1991 on the characteristics of-..
ANNEX X A
Document Generated: 2024-06-29

Status: Point in time view as at 01/03/2014.
Changes to legislation: There are outstanding changes not yet made to Commission
Regulation (EEC) No 2568/91. Any changes that have already been made to the legislation
appear in the content and are referenced with annotations. (See end of Document for details)

5.2.2.2. Use of correction factors

In certain cases, for example in the presence of fatty acids with fewer than eight carbon atoms or
of acids with secondary groups, when using thermal conductivity detectors or where the highest
degree of accuracy is particularly required, correction factors should be used to convert the
percentages of peak areas into mass percentages of the components.

Determine the correction factors with the help of a chromatogram derived from the analysis of a
reference mixture of methyl esters of known composition, carried out under operating conditions
identical with those used for the sample.

For this reference mixture, the percentage by mass of component i is given by the formula:
= = 100

where:
mi is the mass of component i in the reference mixture;
m is the total of the masses of the various components of the reference mixture.

From the chromatogram of the reference mixture (4.4) calculate the percentage (area/area) for
component 7 as follows:

% %100

where:

Ai is the area under the peak corresponding to component i;
A is the sum of the areas under all the peaks.

The correction factor is then calculated as:

K, = A

A mm

Commonly, the correction factors are expressed relative to K6, so that the relative factors
become:
For the sample, the content of each component 7, expressed as a percentage by mass of methyl
esters, is:

Ki=dy
TRy AL = 100

Give the results to one decimal place.
5.2.2.3. Use of an internal standard

In certain analyses (for example where not all of the fatty acids are quantified, such as when
acids with four and six carbons are present alongside acids with 16 and 18 carbons, or when it
is necessary to determine the absolute amount of a fatty acid in a sample) it is necessary to use
an Internal Standard. Fatty acids with five, 15 or 17 carbons are frequently used. The correction
factor (if any) for the Internal Standard should be determined.

The percentage by mass of component i, expressed as methyl esters, is then given by the formula:
meBi A 100

ma K=,

where:
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Ai is the area under the peak corresponding to component i;

As is the area under the peak corresponding to the Internal Standard;
K’ is the correction factor for component i (relative to Kcp);

K's is the correction factor for the Internal Standard (relative to Kcis);
m is the mass, in milligrams, of the test portion;

ms is the mass, in milligrams, of the Internal Standard.

Give the results to one decimal place.

6. SPECIAL CASE — DETERMINATION OF TRANS-ISOMERS

It is possible to determine the content of trans-isomers in fatty acids with a number of carbon
atoms between 10 and 24 by separating the methyl esters using gas chromatography capillary
columns having a specific polarity.

6.1. A capillary column made of silica having an internal diameter of between 0,25 mm
and 0,32 mm and a length of 50 m, coated with cyanopropisilicon, the thickness of
the coating being between 0,1 and 0,3 um (type SP 2380, C.P. sil 88, silor 10 and
similar types).

["%6.2. The methyl esters are prepared using procedure B set out in Annex XB. Fatty
substances having a free acidity over 3 % must first be neutralised in accordance with
point 5.1.1 of Annex VIL.]

6.3. The operating conditions for gas chromatography are overall as follows:

— column temperature set between 150 °C and 230 °C (for example 165 °C for 15
minutes then increasing by 5 °C a minute to 200 °C);

— injector temperature: 250 °C if the splitting system is used or the initial temperature
of the column if the on-column system is used;

— detector temperature: 260 °C;
— flow rate of the carrier gas (helium and hydrogen): 1,2 ml a minute.

The quantity injected must be such that in the conditions of sensitivity employed the height of
the peak corresponding to the methyl ester of the arachidic acid is equal to or greater than 20
% of the bottom of the scale.

6.4. Identification of the various methyl esters is effected on the basis of the retention times
which are compared with those for the reference mixtures (as indicated at point 2.3).

The esters of trans fatty acids are eluted before the corresponding cis-isomers. An example of
a chromatogram is given in figure 2.
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6.5. The efficiency of the column determined in accordance with point 4.1.2 must be such
as to allow separation of certain critical couples, for example the couple formed by the
massif of the transisoleic acids and the oleic acid peak, trans C18:1/cis C18:1, with a
resolution index greater than 2.

6.6. The percentage of the various trans fatty acids is calculated on the basis of the
relationship between the surface of the relevant peak and the sum of the surfaces of
all the peaks present.

The percentages of:

— the trans octadecenoic acids (T 18: 1) indicated in Annex I to this Regulation as the
sum of the transoleic isomers;

— the cis-trans and trans-cis octadecadienoic acids [(CT/TC) 18: 2] indicated in Annex
I to this Regulation as the sum of the translinoleic isomers;

— the trans-cis-trans, cis-cis-trans, cis-trans-cis, trans-cis-cis, octadecatrienoic acids
[(TCT + CCT + CTC + TCC) 18: 3], indicated in Annex I of this Regulation as the
sum of the translinolenic isomers

are taken into account.
Note &:

Taking into account the particular characteristics of this method, please give the results with
2 decimals.]

[F'*7] SPECIAL CASE — USE OF A CATHAROMETER DETECTOR (WORKING ON
THE PRINCIPLE OF THERMAL CONDUCTIVITY CHANGES)

A gas chromatograph employing a detector working on the principle of thermal conductivity
changes (a catharometer) may also be used for the determination of the qualitative and
quantitative composition of a mixture of fatty acid methyl esters. If it is used, the conditions
specified in clause 3 and clause 4 should be modified as shown in Table 3.

For quantitative analysis, use the correction factors defined in 5.2.2.2.
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Table 3
Variable Value/condition
Column Length: 2 to 4 m
Internal diameter: 4 mm
Support Grain size between 160 and 200 pm

Concentration of stationary phase

15 to 25 % (m/m)

Carrier gas

Helium or, failing this, hydrogen, with as low
an oxygen content as possible

Auxiliary gases

None

Injector temperature

From 40 to 60 °C above that of the column

Column temperature

180 to 200 °C

Flow of carrier gas

Usually between 60 and 80 ml/min

Size of test portion injected

Usually between 0,5 and 2 pl

[F18] TEST REPORT

The test report shall specify the methods used for the preparation of the methyl esters and for
the gas chromatographic analysis, and the results obtained. It shall also mention all operating
details not specified in this International Standard, or regarded as optional, together with details
of any incidents which may have influenced the results.

The test report shall include all information necessary for the complete identification of the
sample.

[F'ANNEX X B

PREPARATION OF THE FATTY ACID METHYL
ESTERS FROM OLIVE OIL AND OLIVE-POMACE OIL

The following two methods are recommended for preparing the fatty acid methyl esters from
olive oils and olive-pomace oils:

Method A : Trans-esterification with cold methanolic solution of potassium
hydroxide
Method B :  Methylation by heating with sodium methylate in methanol followed by

esterification in acid medium.

Each method will be applied according to the analytical parameter to be determined and the oil
category as indicated below:

(a) determination of difference between actual and theoretical content of triglycerides
with ECN42 (AECN42):

— method A will be applied to samples of all the oil categories after purification
of the oil by passing it through a silica gel column;

(b) determination of the fatty acid composition:
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— method A will be applied directly to samples of the following oil categories:
— virgin olive oils with an acidity of less than 3,3 %,
— refined olive oil,
— olive oil (blend of virgin olive oils and refined olive oil),
— refined olive-pomace oil,
— olive-pomace oil (blend of virgin olive oils and refined olive-
pomace oil);
— method B will be applied directly to samples of the following oil categories:
— virgin olive oil with an acidity of more than 3,3 %,
— crude olive-pomace oil;

(©) determination of trans-isomers of fatty acids:

— method A will be applied directly to samples of the following oil categories:
— virgin olive oils with an acidity of less than 3,3 %,
— refined olive oil,
— olive oil (blend of virgin olive oils and refined olive oil),
— refined olive-pomace oil,
— olive-pomace oil (blend of virgin olive oils and refined olive-

pomace oil);

— method A will be applied to the following categories of oils after purification
of the oil by passing it through a silica gel column:
— virgin olive oil with an acidity of more than 3,3 %,

— crude olive-pomace oil.
PURIFICATION OF OIL SAMPLES

When necessary, the samples will be purified by passing the oil through a silica gel column,
eluting with hexane/diethyl ether (87:13, v/v) as described in [IUPAC method 2.507.

Alternatively, solid-phase extraction on silica gel phase cartridges can be used. A silica gel
cartridge (1 g, 6 ml) is placed in a vacuum elution apparatus and washed with 6 ml of hexane.
The vacuum is released to prevent the column from becoming dry and then a solution of the oil
(0,12 g approximately) in 0,5 ml of hexane is loaded into the column and vacuum is applied. The
solution is pulled down and then eluted with 10 ml of hexane/diethyl ether (87:13 v/v) under
vacuum. The combined eluates are homogenised and divided in two similar volumes. An aliquot
is evaporated to dryness in a rotary evaporator under reduced pressure at room temperature. The
pomace is dissolved in 1 ml of heptane and the solution is ready for fatty acid analysis by GC.
The second aliquot is evaporated and the pomace is dissolved in 1 ml of acetone for triglyceride
analysis by HPLC, if necessary.

METHODS FOR PREPARING THE FATTY ACID METHYL ESTERS

1. Method A: Trans-esterification with cold methanolic solution of potassium hydroxide
1.1. Purpose

This rapid method is applicable to olive oils and olive-pomace oils with a free fatty acid
content of less than 3,3 %. Free fatty acids are not esterified by potassium hydroxide. Fatty acid
ethyl esters are trans-esterified at a lower rate than glyceridic esters and may be only partially
methylated.

1.2. Principle
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Methyl esters are formed by trans-esterification with methanolic potassium hydroxide as an
intermediate stage before saponification takes place (title 5 in ISO-5509:2000, title 5 in [UPAC
method 2.301).

1.3. Reagents
Methanol containing not more than 0,5 % (m/m) water.
Heptane, chromatographic quality.

Potassium hydroxide, approximately 2 N methanolic solution: dissolve 11,2 g of potassium
hydroxide in 100 ml of methanol.

1.4. Apparatus

Screw-top test tubes (5 ml volume) with cap fitted with a PTFE joint.
Graduated or automatic pipettes, 2 ml and 0,2 ml

L.5. Procedure

In a 5 ml screw-top test tube weigh approximately 0,1 g of the oil sample. Add 2 ml of heptane,
and shake. Add 0,2 ml of 2 N methanolic potassium hydroxide solution, put on the cap fitted with
a PTFE joint, tighten the cap, and shake vigorously for 30 seconds. Leave to stratify until the
upper solution becomes clear. Decant the upper layer containing the methyl esters. The heptane
solution is suitable for injection into the gas chromatograph. It is advisable to keep the solution
in the refrigerator until gas chromatographic analysis. Storage of the solution for more than 12
hours is not recommended.

2. Method B: Methylation by heating with sodium methylate in methanol followed by
esterification in acid medium

2.1. Purpose

This method is applicable to olive oils and olive-pomace oils with a free fatty acid content of
more than 3,3 %.

2.2. Principle

Neutralisation of the free fatty acids and alkaline methanolysis of the glycerides, followed by
esterification of the fatty acids in acid medium (title 4.2. in [UPAC method 2.301).

2.3. Reagents
— heptane, chromatographic quality,
— methanol containing not more than 0,05 % (m/m) water,

— sodium methylate, 0,2 N methanolic solution: dissolve 5 g of sodium in 1 000 ml of
methanol (this may be prepared from commercial solutions),

— phenolphthalein, 0,2 % methanolic solution,

— sulphuric acid, 1 N in methanolic solution: add 3 ml of 96 % sulphuric acid to 100
ml of methanol,

— saturated solution of sodium chloride in water.

2.4. Apparatus
— 50 ml flat-bottomed volumetric flask with long, narrow, ground neck,

— reflux condenser: air condenser (1 m long) with ground joint appropriate to the neck
of the flask,

— boiling chips,
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— glass funnel.
2.5. Procedure

Transfer about 0,25 g of the oil sample into a 50 ml ground-necked volumetric flask. With the
aid of a funnel, add 10 ml of 0,2 N sodium methylate in methanol and the boiling chips. Fit a
reflux condenser, shake, and bring to the boil. The solution should become clear, which usually
occurs in about 10 minutes. The reaction is complete after 15 minutes. Remove the flask from
the source of heat, wait until the reflux stops, remove the condenser, and add two drops of
phenolphthalein solution. Add a few ml of 1 N sulphuric acid in methanol solution until the
solution becomes colourless and then add 1 ml in excess. Fit the condenser and boil again for 20
minutes. Withdraw from the source of heat and cool the flask under running water. Remove the
condenser, add 20 ml of saturated sodium chloride solution, and shake. Add 5 ml of heptane,
plug the flask, and shake vigorously for 15 seconds.

Leave to settle until the two phases have separated. Add saturated sodium chloride solution
again until the aqueous layer reaches the lower end of the flask neck. The upper layer containing
the methyl esters fills the flask neck. This solution is ready to be injected in the GC.

Caution: Methylation by method B must be done under a hood.
2.6. Alternatives to methylation Method B

2.6.1.  Method C

2.6.1.1. Principle

The fatty matter undergoing analysis is treated with methanol-hydrochloric acid, in a sealed
vial, at 100 °C.

2.6.1.2. Apparatus

— Strong glass vial of a capacity of about 5 ml (height 40 to 45 mm, diameter 14 to 16
mm).

— 1 and 2 ml graduated pipettes.

2.6.1.3. Reagents

Solution of hydrochloric acid in 2 % methanol. This is prepared from gaseous hydrochloric acid
and anhydrous methanol (Note 1).

Hexane, chromatographic quality.
Note 1:

Commerecial solutions of hydrogen chloride in methanol can be used. Small amounts of gaseous
hydrochloric acid can easily be prepared in the laboratory by simple displacement from the
commercial solution (p = 1,18) by dripping concentrated sulphuric acid. Since hydrochloric
acid is very rapidly absorbed by methanol, it is advisable to take the usual precautions when
dissolving it, e.g. introduce the gas through a small inverted funnel with the rim just touching the
surface of the liquid. Large quantities of methanolic hydrochloric acid solution can be prepared
in advance, as it keeps perfectly in glass-stoppered bottles stored in the dark. Alternatively, this
reagent can be prepared by dissolution of acetyl chloride in anhydrous methanol.

2.6.1.4. Procedure

— Place in the glass vial 0,2 g of the fatty matter, which has previously been dried out on
sodium sulphate and filtered, and 2 ml of hydrochloric acid-methanol solution. Heat
seal the vial.

— Immerse the vial at 100 °C for 40 minutes.
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— Cool the vial under running water, open, add 2 ml of distilled water and 1 ml of hexane.
— Centrifuge and remove the hexane phase, which is ready for use.

2.6.2.  Method D
2.6.2.1. Principle

The fatty matter undergoing analysis is heated under reflux with methanol-hexane-sulphuric
acid. The methyl esters obtained are extracted with petroleum ether.

2.6.2.2. Apparatus

— Test tube of a capacity of about 20 ml, fitted with an air reflux condenser approximately
1 m in length, with ground glass joints.

— 5 ml graduated pipette.

— 50 ml separating funnel.

— 10 ml and 25 ml measuring beakers.
— 15 ml test tube with conical base.

2.6.2.3. Reagents

— Methylation reagent: anhydrous methanol-hexane-concentrated sulphuric acid (p =
1,84) in the ratio 75:25:1 (V/V/V).

— 40 to 60 °C petroleum ether.

— Anhydrous sodium sulphate.

2.6.2.4. Procedure
Place 0,1 g of oil in the 20 ml test tube and add 5 ml of methylation reagent.
Fit the reflux condenser and heat for 30 minutes in a boiling water bath (Note 2).

Transfer quantitatively the mixture into a 50 ml separating funnel, with the aid of 10 ml distilled
water and 10 ml petroleum ether. Shake vigorously, and allow the phases to separate, remove the
aqueous phase and wash the ether layer twice with 20 ml distilled water. Add to the separating
funnel a small quantity of anhydrous sodium sulphate, shake, allow to settle for a few minutes
and filter, collecting the filtrate in a 15 ml test tube with a conical base.

Evaporate the solvent over a water bath in a current of nitrogen.
Note 2:

To control boiling, insert a glass rod into the test tube and limit the temperature of the water
bath to 90 °C.

3. Precision parameters

The statistical evaluation of the precision of methods A and B was published by the International
Olive Oil Council in its method COI/T.20/CO. No 24.

RECOMMENDATIONS FOR GAS CHROMATOGRAPHIC ANALYSIS OF THE FATTY
ACID ESTERS FROM OLIVE OIL AND OLIVE-POMACE OIL

1. Procedure

The gas chromatographic analysis of solutions of fatty esters in heptane is to be carried out
according to standard ISO-5508 using a capillary column (50 m length x 0,25 or 0,32 mm i.d.)
impregnated with cyanopropylsilicone phase as indicated for the determination of fatty acid
trans-isomers (COI/T.20/Doc. no. 17).
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Figure 1 gives the typical gas chromatographic profile of an olive-pomace oil containing methyl
and ethyl esters of fatty acids, and trans-isomers of methyl esters.

2.

2.1.

2.2.

Calculations

For the calculation of the fatty acid composition and AECN42, all the following fatty
acids will be taken into account:

Myristic (C14:0).

Palmitic (C16:0). Sum of the areas of the peaks corresponding to the methyl and ethyl
esters.

Palmitoleic (C16:1). Sum of the areas of the peaks corresponding to the ®9 and w7
isomers of the methyl ester.

Margaric (C17:0).

Margaroleic (C17:1).

Stearic (C18:0).

Oleic (C18:1). Sum of the areas of the peaks corresponding to the ®9 and ©7 isomers
of the methyl ester, ethyl ester, and trans-isomers of the methyl ester.

Linoleic (C18:2). Sum of the areas of the peaks corresponding to the methyl and ethyl
esters, and the trans-isomers of the methyl ester.

Arachidic (C20:0).

Linolenic (C18:3). Sum of the areas of the methyl ester and the trans-isomers of the
methyl ester.

Eicosenoic (C20:1).

Behenic (C22:0).

Lignoceric (C24:0).

Squalene will not be taken into account for the calculation of the total area.

For the calculation of the percentage of trans-C18:1 the peak corresponding to the
methyl esters of this fatty acid is to be used. For the sum [trans-C18:2 + trans-C18:3],
all the peaks corresponding to the trans-isomers of these two fatty acids are to be added
together. For the calculation of the total area, all the peaks mentioned in 2.1. are to be
taken into account (see COI/T.20/Doc. No. 17).

The calculation of the percentage of each fatty acid will be carried out according to the formula:

% X m(Area X x 100} /(total area)

]



Commission Regulation (EEC) No 2568/91 of 11 July 1991 on the characteristics of-..
ANNEX XI

75

Document Generated: 2024-06-29

Status: Point in time view as at 01/03/2014.
Changes to legislation: There are outstanding changes not yet made to Commission
Regulation (EEC) No 2568/91. Any changes that have already been made to the legislation
appear in the content and are referenced with annotations. (See end of Document for details)

82691

(mv)

65226

47 781

30,296

1283

-4834

L.

877 C16:0
18,27 C18:2

15,07 C18:1w9

156,26 C18:1w7

— 13,11 C18:0

9,98 C16:1w7
23,83 C18:3tce
T~23.24C183

9,78 C16:1w9
23,81 C20:1

17,83 C18:1tc

21 C1B:ethyl

L ';— 9, :
[—12.06 ci7:
|
L—‘M 38 C18:1t
f

—20,90 C20:0

612 C14.0
[ 721,69 C18:3cct

17.48 C18:1ct

.

e — 31,30 Squalene

—10,61 C17-0
L 19,16 C18:2 ethyl

L. 26.05C220
L 34,82 C24:0

B

B

b E—— 15,06 C18:1 ethyl

|
Loy
|
|
I

0.0

=~
EN
-
B
w
]
]
]

296 37.0

(rmin}

ANNEX XI

DETERMINATION OF VOLATILE HALOGENATED
SOLVENTS CONTENT OF OLIVE OIL

METHOD

Analysis by gas chromatography using the head space technique.

2.

2.1.

2.2.

2.3.

24.

2.5.

2.6.

EQUIPMENT
Gas chromatography apparatus fitted with an electron capture detector (ECD).
Head space apparatus.

Gas chromatography column, of glass, 2 m long and 2 mm in diameter, stationary
phase. OV101 10 % or equivalent, impregnating a calcined diatomaceous earth, acid
washed and silanised and of a particle size of 80 to 100 mesh.

Carrier and auxiliary gas: nitrogen for gas chromatography, suitable for detection by
electron capture.

Glass flasks, 10 to 15 ml, with teflon coating and aluminium stopper with fitment for
entry of syringe.

Hermetically sealing clamps.
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2.7. Gas syringe 0,5 to 2 ml.

3. REAGENTS

Standard: halogenated solvents of a degree of purity suitable for gas chromatography.
4. PROCEDURE

4.1. Exactly weigh around 3 g of oil in a glass flask (not to be reused); hermetically seal
it. Place it in a thermostat at 70 °C for one hour. Using a syringe carefully remove
0,2 to 0,5 ml of the head space. Inject this into the column of the gas chromatography
apparatus regulated as follows:

— injector temperature: 150 °C,

— column temperature: 70 to 80 °C,

— detector temperature: 200 to 250 °C.
Other temperatures may also be used provided the results remain equivalent.

4.2. Reference solutions: prepare standard solutions using refined olive oil with no trace of
solvents with concentrations ranging from 0,05 to 1 ppm (mg/kg) and corresponding
to the presumed content of the sample. The halogenated solvents may be diluted using
pentane.

4.3. Quantitative assessment: correlate the surfaces or the elevations of the peaks of the
sample and of the standard solution of the concentration presumed closest. If the
deviation is greater than 10 % the analysis must be repeated in comparison with
another standard solution until the deviation is within 10 %. The content is determined
on the basis of the average of the elementary injections.

4.4, Expression of results: in ppm (mg/kg). The detection limit for the method is 0,01 mg/
kg.

[*ANNEX XII

THE INTERNATIONAL OLIVE COUNCIL’S METHOD FOR
THE ORGANOLEPTIC ASSESSMENT OF VIRGIN OLIVE OIL

1. PURPOSE AND SCOPE

The purpose of this international method is to determine the procedure for assessing the
organoleptic characteristics of virgin olive oil within the meaning of point 1 of Annex XVI to
Regulation (EC) No 1234/2007 and to establish the method for its classification on the basis of
those characteristics. It also provides indications for optional labelling.

The method described is applicable only to virgin olive oil and to the classification or labelling of
such oils according to the intensity of the defects perceived and of the fruitiness, as determined
by a group of tasters selected, trained and monitored as a panel.

It also provides for indications for optional labelling.

The IOC standards mentioned in this Annex are used in their last available version.

2. GENERAL BASIC VOCABULARY FOR SENSORY ANALYSIS

Refer to the standard IOC/T.20/Doc. No 4 "Sensory Analysis: General Basic Vocabulary"
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3.2

3.3.

SPECIFIC VOCABULARY

Negative attributes

Fusty/muddy sediment: Characteristic flavour of oil obtained from olives piled or
stored in such conditions as to have undergone an advanced stage of anaerobic
fermentation, or of oil which has been left in contact with the sediment that settles
in underground tanks and vats and which has also undergone a process of anaerobic
fermentation.

Musty-humid-earthy: Characteristic flavour of oils obtained from fruit in which large
numbers of fungi and yeasts have developed as a result of its being stored in humid
conditions for several days or of oil obtained from olives that have been collected with
earth or mud on them and which have not been washed.

Winey-vinegary-acid-sour: Characteristic flavour of certain oils reminiscent of wine
or vinegar. This flavour is mainly due to a process of aerobic fermentation in the olives
or in olive paste left on pressing mats which have not been properly cleaned and leads
to the formation of acetic acid, ethyl acetate and ethanol.

Rancid: Flavour of oils which have undergone an intense process of oxidation.

Frostbitten olives (wet wood): Characteristic flavour of oils extracted from olives
which have been injured by frost while on the tree.

Other negative attributes

Heated or: Characteristic flavour of oils caused by excessive and/or prolonged
Burnt: Heating during processing, particularly when the paste is thermally mixed, if
this is done under unsuitable thermal conditions.

Hay—wood: Characteristic flavour of certain oils produced from olives that have dried
out.

Rough: Thick, pasty mouth sensation produced by certain old oils.

Greasy: Flavour of oil reminiscent of that of diesel oil, grease or mineral oil.
Vegetable water: Flavour acquired by the oil as a result of prolonged contact with
vegetable water which has undergone fermentation processes.

Brine: Flavour of oil extracted from olives which have been preserved in brine.
Metallic: Flavour that is reminiscent of metals. It is characteristic of oil which has
been in prolonged contact with metallic surfaces during crushing, mixing, pressing
or storage.

Esparto: Characteristic flavour of oil obtained from olives pressed in new esparto
mats. The flavour may differ depending on whether the mats are made of green esparto
or dried esparto.

Grubby: Flavour of oil obtained from olives which have been heavily attacked by the
grubs of the olive fly (Bactrocera oleae).

Cucumber: Flavour produced when an oil is hermetically packed for too long,
particularly in tin containers, and which is attributed to the formation of 2,6
nonadienal.

Positive attributes

Fruity: Set of olfactory sensations characteristic of the oil which depends on the variety
and comes from sound, fresh olives, either ripe or unripe. It is perceived directly and/
or through the back of the nose.

Bitter: Characteristic primary taste of oil obtained from green olives or olives turning
colour. It is perceived in the circumvallate papillae on the ‘V’ region of the tongue.
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Pungent: Biting tactile sensation characteristic of oils produced at the start of the crop
year, primarily from olives that are still unripe. It can be perceived throughout the
whole of the mouth cavity, particularly in the throat.

34. Optional terminology for labelling purposes

Upon request, the panel leader may certify that the oils which have been assessed comply with
the definitions and ranges corresponding to the following adjectives according to the intensity
and perception of the attributes.

Positive attributes (fruity, bitter and pungent): According to the intensity of
perception:

— Intense, when the median of the attribute is more than 6;

— Medium, when the median of the attribute is between 3 and 6;

— Light, when the median of the attribute is less than 3.

Fruity: Set of olfactory sensations characteristic of the oil which depends on the variety
of olive and comes from sound, fresh olives in which neither green nor ripe fruitiness
predominates. It is perceived directly and/or through the back of the nose.

Greenly fruity: Set of olfactory sensations characteristic of the oil which is reminiscent
of green fruit, depends on the variety of olive and comes from green, sound, fresh
olives. It is perceived directly and/or through the back of the nose.

Ripely fruity: Set of olfactory sensations characteristic of the oil which is reminiscent
of ripe fruit, depends on the variety of olive and comes from sound, fresh olives. It is
perceived directly and/or through the back of the nose.

Well balanced: Oil which does not display a lack of balance, by which is meant the
olfactory—gustatory and tactile sensation where the median of the bitter and/or pungent
attributes is two points higher than the median of the fruitiness.

Mild oil: Oil for which the median of the bitter and pungent attributes is 2 or less.
4. GLASS FOR OIL TASTING
Refer to the standard IOC/T.20/Doc. No 5, "Glass for Oil Tasting".
S. TEST ROOM
Refer to the standard IOC/T.20/Doc. No 6, "Guide for the Installation of a Test Room".
6. ACCESSORIES

The following accessories, which are required by tasters to perform their task properly, must be
supplied in each booth and must be within easy reach:

— glasses (standardised) containing the samples, code numbered, covered with a watch-
glass and kept at 28 °C £ 2 °C;

— profile sheet (see Figure 1) on hard copy, or on soft copy provided that the conditions
of the profile sheet are met, together with the instructions for its use if necessary

— pen or indelible ink

— trays with slices of apple and/or water, carbonated water and/or rusks
— glass of water at ambient temperature

— sheet recalling the general rules listed in sections 8.4 and 9.1.1

— spittoons.

7. PANEL LEADER AND TASTERS
7.1. Panel leader
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The panel leader must be a suitably trained person with an expert knowledge of the kinds of
oils which he or she will come across in the course of their work. They are the key figure in the
panel and responsible for its organisation and running.

The work of the panel leader calls for basic training in the tools of sensory analysis, sensory
skill, meticulousness in the preparation, organisation and performance of the tests and skill and
patience to plan and execute the tests in a scientific manner.

They are the sole person responsible for selecting, training and monitoring the tasters in order to
ascertain their level of aptitude. They are thus responsible for the appraisal of the tasters, which
must always be objective and for which they must develop specific procedures based on tests
and solid acceptance and rejection criteria. See standard IOC/T.20/Doc. No 14, "Guide for the
selection, training and monitoring of skilled virgin olive oil tasters".

Panel leaders are responsible for the performance of the panel and hence for its evaluation, of
which they must give reliable, objective proof. In any case, they must demonstrate at all times
that the method and tasters are under control. Periodic calibration of the panel is recommended
(IOC/T.20/Doc. No 14, § 5).

They hold ultimate responsibility for keeping the records of the panel. These records must
always be traceable. They must comply with the assurance and quality requirements laid down
in international sensory analysis standards and ensure the anonymity of the samples at all times.

They shall be responsible for inventorying and ensuring that the apparatus and equipment
needed to comply with the specifications of this method is properly cleaned and maintained and
shall keep written proof thereof, as well as of the compliance with the test conditions.

They shall be in charge of the reception and storage of the samples upon their arrival at the
laboratory as well as of their storage after being tested. When doing so, they shall ensure at all
times that the samples remain anonymous and are properly stored, for which purpose they must
develop written procedures in order to ensure that the entire process is traceable and affords
guarantees.

In addition, they are responsible for preparing, coding and presenting the samples to the tasters
according to an appropriate experimental design in line with pre-established protocols, as well
as for assembling and statistically processing the data obtained by the tasters.

They shall be in charge of developing and drafting any other procedures that might be necessary
to complement this standard and to ensure that the panel functions properly.

They must seek ways of comparing the results of the panel with those obtained by other panels
undertaking the analysis of virgin olive oil in order to ascertain whether the panel is working

properly.

It is the duty of the panel leader to motivate the panel members by encouraging interest, curiosity
and a competitive spirit among them. To do so, they are strongly recommended to ensure a
smooth two-way flow of information with the panel members by keeping them informed about
all the tasks they carry out and the results obtained. In addition, they shall ensure that their
opinion is not known and shall prevent possible leaders from asserting their criteria over the
other tasters.

They shall summon the tasters sufficiently in advance and shall answer any queries regarding the
performance of the tests, but shall refrain from suggesting any opinion to them on the sample.

7.2. Tasters
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The people acting as tasters in organoleptic tests carried out on olive oils must do so voluntarily,
with all the ensuing consequences of such a voluntary act in terms of obligations and the absence
of financial payment. It is therefore advisable for candidates to submit an application in writing.
Candidates shall be selected, trained and monitored by the panel leader in accordance with their
skills in distinguishing between similar samples; it should be borne in mind that their accuracy
will improve with training.

Tasters must act like real sensory observers, setting aside their personal tastes and solely
reporting the sensations they perceive. To do so, they must always work in silence, in a relaxed,
unhurried manner, paying the fullest possible sensory attention to the sample they are tasting.

Between 8 and 12 tasters are required for each test, although it is wise to keep some extra tasters
in reserve to cover possible absences.

8. TEST CONDITIONS
8.1. Presentation of the sample

The oil sample for analysis shall be presented in standardised tasting glasses conforming to the
standard IOC/T.20/Doc. No 5 ‘Glass for oil tasting’.

The glass shall contain 14-16 ml of oil, or between 12,8 and 14,6 g if the samples are to be
weighed, and shall be covered with a watch-glass.

Each glass shall be marked with a code made up of digits or a combination of letters and digits
chosen at random. The code will be marked by means of an odourfree system.

8.2. Test and sample temperature

The oil samples intended for tasting shall be kept in the glasses at 28 °C + 2 °C throughout
the test. This temperature has been chosen because it makes it easier to observe organoleptic
differences than at ambient temperature and because at lower temperatures the aromatic
compounds peculiar to these oils volatilise poorly while higher temperatures lead to the
formation of volatile compounds peculiar to heated oils. See the standard IOC/T.20/Doc. No
5 “‘Glass for Oil Tasting’ for the method which has to be used for heating the samples when
in the glass.

The test room must be at a temperature between 20 © and 25 °C (see IOC/T.20/Doc. No 6).
8.3. Test times

The morning is the best time for tasting oils. It has been proved that there are optimum perception
periods as regards taste and smell during the day. Meals are preceded by a period in which
olfactory—gustatory sensitivity increases, whereas afterwards this perception decreases.

However, this criterion should not be taken to the extreme where hunger may distract the tasters,
thus decreasing their discriminatory capacity; therefore, it is recommended to hold the tasting
sessions between 10.00 in the morning and 12 noon.

8.4. Tasters: general rules of conduct
The following recommendations apply to the conduct of the tasters during their work.

When called by the panel leader to participate in an organoleptic test, tasters should be able to
attend at the time set beforehand and shall observe the following:

— They shall not smoke or drink coffee at least 30 minutes before the time set for the test.
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— They must not have used any fragrance, cosmetic or soap whose smell could linger
until the time of the test. They must use an unperfumed soap to wash their hands which
they shall then rinse and dry as often as necessary to eliminate any smell.

— They shall fast at least one hour before the tasting is carried out.

— Should they feel physically unwell, and in particular if their sense of smell or taste
is affected, or if they are under any psychological effect that prevents them from
concentrating on their work, the tasters shall refrain from tasting and shall inform the
panel leader accordingly.

— When they have complied with the above, the tasters shall take up their place in the
booth allotted to them in an orderly, quiet manner.

— They shall carefully read the instructions given on the profile sheet and shall not begin
to examine the sample until fully prepared for the task they have to perform (relaxed
and unhurried). If any doubts should arise, they should consult the panel leader in
private.

— They must remain silent while performing their tasks.

— They must keep their mobile phone switched off at all times to avoid interfering with
the concentration and work of their colleagues.

9. PROCEDURE FOR THE ORGANOLEPTIC  ASSESSMENT AND
CLASSIFICATION OF VIRGIN OLIVE OIL

9.1. Tasting technique

9.1.1.  The tasters shall pick up the glass, keeping it covered with the watch-glass, and shall
bend it gently; they shall then rotate the glass fully in this position so as to wet the
inside as much as possible. Once this stage is completed, they shall remove the watch-
glass and smell the sample, taking slow deep breaths to evaluate the oil. Smelling
should not exceed 30 seconds. If no conclusion has been reached during this time, they
shall take a short rest before trying again.

When the olfactory test has been performed, the tasters shall then evaluate the buccal sensations
(overall retronasal olfactory, gustatory and tactile sensations). To do so, they shall take a small
sip of approximately 3 ml of oil. It is very important to distribute the oil throughout the whole
of the mouth cavity, from the front part of the mouth and tongue along the sides to the back part
and to the palate support and throat, since it is a known fact that the perception of tastes and
tactile sensations varies in intensity depending on the area of the tongue, palate and throat.

It should be stressed that it is essential for a sufficient amount of the oil to be spread very slowly
over the back of the tongue towards the palate support and throat while the taster concentrates
on the order in which the bitter and pungent stimuli appear. If this is not done, both of these
stimuli may escape notice in some oils or else the bitter stimulus may be obscured by the pungent
stimulus.

Taking short, successive breaths, drawing in air through the mouth, enables the taster not only
to spread the sample extensively over the whole of the mouth but also to perceive the volatile
aromatic compounds via the back of the nose by forcing the use of this channel.

The tactile sensation of pungency should be taken into consideration. For this purpose it is
advisable to ingest the oil.

9.1.2.  When organoleptically assessing a virgin olive oil, it is recommended that FOUR
SAMPLES at the most be evaluated in each session with a maximum of three sessions
per day, to avoid the contrast effect that could be produced by immediately tasting
other samples.
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As successive tastings produce fatigue or loss of sensitivity caused by the preceding samples, it
is necessary to use a product that can eliminate the remains of the oil from the preceding tasting
from the mouth.

The use of a small slice of apple is recommended which, after being chewed, can be disposed
of in the spittoon. Then rinse out the mouth with a little water at ambient temperature. At least
15 minutes shall lapse between the end of one session and the start of the next.

9.2. Use of the profile sheet by tasters

The profile sheet intended for use by tasters is detailed in Figure 1 of this Annex.

Each taster on the panel shall smell and then taste® the oil under consideration. They shall then
enter the intensity with which they perceive each of the negative and positive attributes on the
10-cm scale shown in the profile sheet provided.

Should the tasters perceive any negative attributes not listed in section 4, they shall record them
under the "others" heading, using the term or terms that most accurately describes the attributes.

9.3. Use of the data by the panel leaders

The panel leader shall collect the profile sheets completed by each taster and shall review the
intensities assigned to the different attributes. Should they find any anomaly, they shall invite
the taster to revise his or her profile sheet and, if necessary, to repeat the test.

The panel leader shall enter the assessment data of each panel member in a computer program
like that provided by the standard IOC/T.20/Doc. No 15) with a view to statistically calculating
the results of the analysis, based on the calculation of their median. See sections 9.4 and
Appendix to this Annex. The data for a given sample shall be entered with the aid of a matrix
comprising 9 columns representing the 9 sensory attributes and n lines representing the n panel
members used.

When a defect is perceived and entered under the "others" heading by at least 50 % of the panel,
the panel leader shall calculate the median of the defect and shall arrive at the corresponding
classification.

The value of the robust coefficient of variation which defines classification (defect with the
strongest intensity and fruity attribute) must be no greater than 20 %.

If the opposite is the case, the panel leader must repeat the evaluation of the specific sample
in another tasting session.

If this situation arises often, the panel leader is recommended to give the tasters specific
additional training (IOC/T.20/Doc. No 14, § 5) and to use the repeatability index and deviation
index to check panel performance (I0OC/T.20/Doc. No 14, § 6).

94. Classification of the oil

The oil is graded as follows in line with the median of the defects and the median for the fruity
attribute. The median of the defects is defined as the median of the defect perceived with the
greatest intensity. The median of the defects and the median of the fruity attribute are expressed
to one decimal place.

The oil is graded by comparing the median value of the defects and the median for the fruity
attribute with the reference ranges given below. The error of the method has been taken into
account when establishing the limits of these ranges, which are therefore considered to be
absolute. The software packages allow the grading to be displayed as a table of statistics or a
graph.
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(a) Extra virgin olive oil: the median of the defects is 0 and the median of the fruity
attribute is above 0;
(b) Virgin olive oil: the median of the defects is above 0 but not more than 3,5 and the
median of the fruity attribute is above 0;
(©) Lampante olive oil: the median of defect is above 3,5 or the median of the defect is

less than or equal to 3,5 and the fruity median is equal to 0.

Note I:

When the median of the bitter and/or pungent attribute is more than 5,0, the panel leader shall
state so on the test certificate.

FIGURE 1

PROFILE SHEET FOR VIRGIN OLIVE OIL

Intensity of perception of defects

Fusty/muddy
sediment®

Musty/humid/
earthy”

Winey/vinegary
acid/sour”

Frostbitten olives
(wet wood)

Rancid

Other negative
attributes:

Descriptor:

Metallic # Hay # Grubby # Rough #
Brine # Heated or burnt # Vegetable water #
Esparto # Cucumber # Greasy #

Intensity of perception of positive attributes

Fruity
Green # Ripe #
Bitter
Pungent
Name of taster: Taster code:
Sample code: Signature:

a  Delete as appropriate
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Appendix
Method for calculating the median and the confidence intervals
Median

Me =[p(X < za)< % " p(X € 20)> %

The median is defined as the real number X,, characterised by the fact that the probability (p)
that the distribution values (X) are below this number (X,,), is less than and equal to 0,5 and that
simultaneously the probability (p) that the distribution values (X) are below or equal to X, is
greater than and equal to 0,5. A more practical definition is that the median is the 50th percentile
of a distribution of numbers arranged in increasing order. In simpler terms, it is the midpoint of
an ordered set of odd numbers, or the mean of two midpoints of an ordered set of even numbers.
Robust standard deviation

In order to arrive at a reliable estimate of the variability around the mean it is necessary to refer
to the robust standard deviation as estimated according to Stuart and Kendall (4). The formula
gives the asymptotic robust standard deviation, i.e. the robust estimate of the variability of the
data considered where N is the number of observations and IQR is the interquartile range which
encompasses exactly 50% of the cases of a given probability distribution:

_|t - 1, 35=0GR
: 1351 N

The interquartile range is calculated by calculating the magnitude of the difference between the
75th and 25th percentile.

IQR = T5th percentile — 25th percentile

Where the percentile is the value X,,. characterised by the fact that the probability (p) that
the distribution values are less than X, is less than and equal to a specific hundreth and that
simultaneously the probability (p) that the distribution values are less than or equal to X
is greater than and equal to that specific hundredth. The hundredth indicates the distribution
fractile chosen. In the case of the median it is equal to 50/100.

percentils =:p|:_1’ < Zpa)E o= PIX S #pe)= =
For practical purposes, the percentile is the distribution value corresponding to a specific area
subtended from the distribution or density curve. To give an example, the 25th percentile

represents the distribution value corresponding to an area equal to 0,25 or 25/100.

In this method percentiles are computed on the basis of the real values which appear in the data
matrix (percentiles computing procedure).
Robust coefficient of variation (%)

The CVr% represents a pure number which indicates the percentage variability of the set of
numbers analysed. For this reason it is very useful for checking the reliability of the panel
assessors.

CV, = 2 % 100

Confidence intervals of the median at 95%

The confidence intervals at 95% (value of the error of the first kind equal to 0,05 or 5%) represent
the interval within which the value of the median could vary if it were possible to repeat an
experiment an infinite number of times. In practice, it indicates the interval of variability of the
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test in the operating conditions adopted starting from the assumption that it is possible to repeat
it many times. As with the CVr%, the interval helps to assess the reliability of the test.

C Lygpper = Me -.-|:_1: Y s'}
C Ly = Me — (e x a‘}l
where C = 1,96 for the confidence interval at the 95% level.

An example of the calculation sheet is presented in Annex I to the standard IOC/T 20/Doc. No
15.
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FBANNEX XIIT

MANNEX XIV

ANNEX XV

1. OIL CONTENT OF OLIVE RESIDUE

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

1.2. Reagent

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

2. PROCEDURE
2.1. 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.

2.2. 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.

2.3. 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.

2.4. 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 %.

2.5. 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.

2.6. 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
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extraction, allow to cool. Remove the thimble from the extraction apparatus and place it in a
stream of air in order to drive off most of the impregnating solvent.

2.7. 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.

2.8. 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.

3. EXPRESSION OF RESULTS
3.1. Method of calculation and formula
(a) The extract expressed as a percentage by mass of the product as received is equal to:

5= w 100
F=my = oo

where: S = is the percentage by mass
of extract of the product as
received,

mO = is the mass, in grams, of the
test portion,

ml = 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:
5w % = oil percentage of extract on a dry basis

where:
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S = is the percentage of extract by means of the product as
received (see (a)),
is its moisture and volatile matter content.

U

3.2. Repeatability

The difference between the duplicate determinations carried out simultaneously or in rapid
sucession by the same analyst shall not exceed 0,2 g of hexane extract per 100 g of sample.

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.

ANNEX XVI

DETERMINATION OF IODINE VALUE
L. 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.

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

2.1. iodine value. The mass of iodine absorbed by the sample under the operating
conditions specified in this International Standard.

The iodine value is expressed as grams of iodine per 100 g of sample.
3. 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 titration of the liberated iodine with sodium
thiosulfate solution.

4. REAGENTS

All reagents shall be of recognized analytical grade:

4.1. water, complying with the requirements of ISO 3696, Grade 3.
4.2. potassium iodide, 100 g/l solution, not containing iodate or free iodine.
43. 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.

4.4. sodium thiosulfate, standard volumetric solution ¢ (Na;S,03.5H,0) = 0,1 mol/l,
standardized not more than seven days before use.

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

4.6. Wijs reagent, containing iodine monochloride in acetic acid. Commercially available

Wijs reagent shall be used.
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5. APPARATUS

Usual laboratory apparatus and, in particular, the following:

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

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

6. PREPARATION OF THE TEST SAMPLE

The homogenized sample is dried over sodium sulphate and filtered.
7. PROCEDURE
7.1. Test portion

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

Table 1

Expected iodine value Mass of test portion(g)
less than 5 3,0

51020 1,0

21t0 50 0,4

51to 100 0,2

101 to 150 0,13

151 to 200 0,1

Weigh the test portion to the nearest 0,1 mg in a glass weighing scoop (5.1).
7.2. 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.

7.3. Number of determinations
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Carry out two determinations on the same test sample.

8. EXPRESSION OF RESULTS

The iodine value is given by the expression

1363 e[V =53]

where:

c = is the numerical value of the exact concentration, in moles per litre, of
the standard volumetric sodium thiosulfate solution (4.4) used;

Vi = is the numerical value of the volume, in millilitres, of the standard
volumetric sodium thiosulfate solution (4.4) used for the blank test;

V, = 1is the numerical value of the volume, in millilitres, of the standard
volumetric sodium thiosulfate solution (4.4) used for the determination;

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.

[ ANNEX XVII

METHOD FOR THE DETERMINATION OF
STIGMASTADIENES IN VEGETABLE OILS

Textual Amendments
F18 Inserted by Commission Regulation (EC) No 656/95 of 28 March 1995 amending Regulation (EEC) No
2568/91 on the characteristics of olive oil and olive-residue oil and on the relevant methods of analysis
and Council Regulation (EEC) No 2658/87 on the tariff and statistical nomenclature and on the Common
Customs Tariff.

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.


http://www.legislation.gov.uk/id/eur/1995/656
http://www.legislation.gov.uk/id/eur/1995/656
http://www.legislation.gov.uk/id/eur/1995/656
http://www.legislation.gov.uk/id/eur/1995/656
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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.
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, reference 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
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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 standard 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 solution 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 solution 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 approximately. 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:
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The first fraction contains saturated hydrocarbons (Figure 1 a) and the second fraction the
steroidal ones. Further elution provides squalene and 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. Nevertheless, 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 solutions 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.
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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). Stigmastadienes originate a prominent and easily
identifiable peak.

6.3.3.  Quantitative analysis
The stigmastadienes content is determined according to the formula:

mg/kg of stigmastadienes =
ey

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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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 um 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.
(©) Second fraction (40 ml) containing a small proportion of the first fraction.
STIG-3,5
I.8.
isomer

= REVIL Y P

{ g [ T

o 10 20 min

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

[PANNEX XVIII

DETERMINATION OF THE DIFFERENCE BETWEEN ACTUAL AND
THEORETICAL CONTENT OF TRIACYLGLYCEROLS WITH ECN 42

1. SCOPE

Determination of the absolute difference between the experimental values of triacylglycerols
(TAGs) with equivalent carbon number 42 (ECN42yp; ¢) obtained by determination in the oil by
high performance liquid chromatography and the theoretical value of TAGs with an equivalent
carbon number of 42 (ECN 42¢,coretical) Calculated from the fatty acid composition.

2. FIELD OF 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
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The content of triacylglycerols with ECN 42 determined by HPLC analysis and the theoretical
content of triacylglycerols with ECN 42 (calculated on the basis of GLC determination of fatty
acid composition) correspond within a certain limit for genuine olive oils. A difference larger
than the values adopted for each type of oil points out that the oil contains seed oils.

4. METHOD

The method for the calculation of the theoretical content of triacylglycerols with ECN 42
and of the difference with respect to the HPLC data is essentially 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 chromatography, calculation
of theoretical composition of triacylglycerols with ECN 42, HPLC determination of ECN 42
triacylglycerols.

4.1. Apparatus
4.1.1. Round-bottomed 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 normalised cone (female) at the top.

4.1.4.  Separating funnels, 250 ml, with normalised cone (male) at the bottom, suitable for
connection to 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.  Volumetric flasks, 20 ml.
4.1.9. Rotary evaporator.

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

4.1.11. Injection units for 10 ul delivery.

4.1.12. Detector: differential refractometer. The full scale sensitivity should be at least 107
units of refractive index.

4.1.13.  Column: stainless steel tube 250 mm length x 4,5 mm internal diameter packed with 5
pum diameter particles of silica with 22 to 23 % carbon in the form of octadecylsilane.

4.1.14. Data processing software.
4.1.15. Vials, of about 2 ml volumes, with Teflon-layered septa and screw caps.
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.

4.2.1.  Petroleum ether 40— 60 °C chromatographic grade or hexane.
4.2.2.  Ethyl ether, peroxide-free, freshly distilled.
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4.2.3.  Elution solvent for purifying the oil by column chromatography mixture petroleum
ether/ethyl ether 87/13 (v/v).

4.2.4. Silica gel, 70-230 mesh, type Merck 7734, with water content standardised at 5 %
(w/wl/).

4.2.5. Glass wool.
4.2.6.  Acetone for HPLC.
4.2.7.  Acetonitrile or propionitrile for HPLC.

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

4.2.9. Solubilisation solvent: acetone.

4.2.10. Reference triglycerides: commercial triglycerides (tripalmitin, triolein, etc.) may be
used and the retention times then plotted in accordance with the equivalent carbon
number, or alternatively reference chromatograms obtained from soya oil, mixture
30:70 soya oil — olive oil and pure olive oil (see notes 1 and 2 and figures 1 to 4).

4.2.11. Solid phase extraction column with silica phase 1 g, 6 ml.
4.3. Sample preparation

As a number of interfering substances can give rise to false positive results, the sample must
always be purified according to IUPAC method 2.507, used for the determination of polar
compounds in frying fats.

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 silica gel (4.2.4) in 80 ml of elution mixture (4.2.3), then
transfer it to the column by means of a glass funnel (4.1.6).

To ensure the complete transfer of the silica gel to the column, wash the beaker with the elution
mixture and transfer the washing portions to the column too.

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

4.3.2.  Column chromatography

Weigh with the accuracy of 0,001 g, 2,5 = 0,1 g of oil, previously filtered, homogenised and
anhydrified, if necessary, in a 50 ml volumetric flask (4.1.7).

Dissolve 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 the solvent elute to the silica gel 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 60-70 minutes to pass through the column).
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The eluate is recovered in a 250 ml round-bottomed flask (4.1.1) previously tared in an oven
and exactly weighed. Eliminate the solvent at reduced pressure in a rotary evaporator (4.1.9)
and weigh the residue that will be used to prepare the solution for HPLC analysis and for methyl
ester preparation.

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

4.3.3.  SPE purification

Silica SPE column is activated by passing 6 ml of hexane (4.2.3) under vacuum, avoiding
dryness.

Weigh to an accuracy of 0,001 g, 0,12 g in a 2 ml vial (4.1.15) and dissolve with 0,5 ml of
hexane (4.2.3).

Load the SPE column with the solution and elute with 10 ml of hexane-diethyl ether (87:13 v/
v) (4.2.3) under vacuum.

The collected fraction is evaporated to dryness in a rotary evaporator (4.1.9) under reduced
pressure at room temperature. The residue is dissolved in 2 ml of acetone (4.2.6) for
triacylglycerol (TAG) analysis.

4.4. HPLC analysis
4.4.1.  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 solubilisation solvent (4.2.9).

4.4.2.  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 point 4.3.
4.4.3.  Calculation and expression of results

Use the area normalisation method, i.e. assume that the sum of the areas of the peaks
corresponding to TAGs from ECN 42 up to ECN 52 is equal to 100 %.

Calculate the relative percentage of each triglyceride using the formula:

%o triglyceride = area of peak = 100 / sum of peak areas

The results should be given to at least two decimal places.
See notes 1 to 4.

4.5. Calculation of triacylglycerols composition (moles %) from fatty acid
composition data (area %)

4.5.1.  Determination of fatty acid composition

Fatty acid composition is determined by ISO 5508 by means of a capillary column. The methyl
esters are prepared according to COI/T.20/Doc. No 24.

4.5.2.  Fatty acids for calculation
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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 into consideration, because only these are important for olive oil. The fatty
acids should be normalised to 100 %.

Fatty acid (FA) Abbreviation Molecular ECN
weight(MW)

Palmitic acid P 256,4 16
Palmitoleic acid Po 254.4 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 (1)

moles P = %\ﬁ,—y moles § - T‘—'.Ifﬁ—s moles Po ":“‘.’-'},?
moles O = =50 moles L, = 2L moles Ln = #le

4.54.

moles % P(1,2,3)

moles 5 5(1,2,3)

maoles % Pa(1,2,3)

maoles 5 Of1,2,3)

males % L{1,2,3)

moles % Ln(1,2,3)

malm P * 100
=l P4 54 Pos s L4 La)

ol 5 * 100
ol P45+ Postid4s L4 Lo

o malmPatid0
mlea( P4 54 Pos 05 L+ Ln)

. mcdow CF * 1060
wmsclon| P4 54 Fo4+- 04 L+ La)

amlem L * 100 i
moloi P45+ Pos s L+ La)

. =abm Lo * 100 i
modlrw( P4 54 Pos-04 L4 Lo}

Normalisation of fatty acid moles to 100 % (2)

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 unsaturated fatty acids Po, O,
L and Ln (UFA) are calculated (3):

moles % SFA = moles % P 4 moles % 8

moles % UFA = 100 — moles % SFA

4.5.5.

Calculation of the fatty acid composition in 2- and 1, 3- positions of TAGs
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The fatty acids are distributed to three pools as follows: one for 2- position and two identical
for 1- and 3- positions, with different coefficients 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)] (4):

moles % P(2)m= moles 5 P(1,2,3)* 0,06

moles 5 5(2)= moles % S(1,2,3)* 0,06

4.5.5.2. Unsaturated fatty acids in 2-position [Po(2), O(2), L(2) and Ln(2)] (5):

moles % Po(2)= w #{100 — moles % P{Z) —moles % 5(2))

medes % O[1,23)

moles % Of2)= (100 = moles % P(2)—moles % S(2))

e %3 UFA
moles % L(2)= % #(100 — moles % P(2)—moles % 5(2))
moles % Lo(2)= % #{100 — moles % P(2) —maoles % 5(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)] (6):

moles % P(1,3)= + moles % F(1,2,3)

mles % P{1,23)~moles % P2
]

moles 7 5(1,3)= + moles % 5(1,2,3)

moles % 5{1,2.3)=maodes % 5{2)
]

moles % Po(1,3)= 2o W P12 sl % Poll) 1 jeg 9 Po(1,2,3)

moles % O(1,3)= cdes uu.u: mken % 2} moles % O(1,2,3)

malbes % L{1,2,3)~moles % L{Z)
F]

moles % L{1,3)= + moles % L{1,2,3)

modes % Lof1,2,3) ~moles % Laf(2)
]

moles % Lo(1,3)= + moles % Ln(1,2,3)

4.5.6.  Calculation of triacylglycerols
4.5.6.1. TAGs with one fatty acid (AAA, here LLL, PoPoPo) (7)

mabes T AL moles % A(T)* moles % A(L2)

moles % AAA = ]

4.5.6.2. TAGs with two fatty acids (AAB, here PoPoL, PoLL) (8)

moks % A(LY)* mobs % A(Z)* mals % D{1,3)* 2

moles % AAB = e

maobes % A(13)* mokes % B3} moles % ALL2)

moles 7 ABA = e

4.5.6.3. TAGs with three different fatty acids (ABC, here OLLn, PLLn, PoOLn, PPoLn) (9)

moles 5 AR = moks % A[1,3)* modss % B{2)* mols % O1,2)* 2

im0}
moles T BOA = D% B W]?:u;;rl moles % A[L3)* 1
moles % CAR = Do % 13" meles % ALI" moles % B{1.3)" 2

10000
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4.5.6.4. Triacylglycerols with ECN42

The triacylglycerols with ECN42 are calculated according to equations 7, 8 and 9 and are then
given 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 triacylglycerols with ECN42 are given by the sum of the nine triacylglycerols including
their positional isomers. The results should be given to 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 in the absolute value of the HPLC data minus the theoretical data
is greater than the values stated for the appropriate oil category in the standard, the sample
contains seed oil.

Results are given to two decimal figures.

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 (normalised 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 2784
Area % 10,0 3,0 1,0 75,0 10,0 1,0

—4.5.3 Conversion of area % into moles for all fatty acids (see formula (1))

moles P =

e = 003900 moles P
moles S =

#rs = 001054 moles §
moles Po =

ﬁ = 0,00393 moles Po
moles O =

QT"; - ,26549 moles O
moles L =

w07 = 003566 moles L

moles Ln =
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L = 0,00359 moles Lo

a4
Total = 0,35821 moles TAGs
— 4.5.4 Normalisation of fatty acid moles to 100 % (see formula (2))

moles % P(1,2,3)
e 1 = 10,887 %

moles % S(1,2,3)

S 10 —2042%
moles % Po(1,2,3) =

o 0 gy
moles % O(1,2,3) =

e O 1T = 74,116 %
moles % L(1,2,3) =

e L1 — 9,955 %
moles % Ln(1,2,3) =
Total moles % = 100 %

Sum of the saturated and unsaturated fatty acids in the 1,2,3-position of TAGs (see formula (3)):
moles % SFA = 10,887 % + 2,042 % = 13,820 %

moles 5 UFA = 100,000 % — 13,820 % = 86,171 %

—4.5.5 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)] (see formula (4))
45.5.1

meoles 7 P(Z)= 10,887 % * 0,06 = 0,653 maoles 5
meoles % S(F)m 2,942 % * 0,06 = 0,177 moles %

— Unsaturated fatty acids in 2-position [Po(1,3), O(1,3), L(1,3) and Ln(1,3)] (see formula
4552 (9))

moles % Po(2)= 22 % #1100 — 0,653 — 0,177)= 1,262 moles %

BTl R

moles % O(2)= o = #{100 — 0,653 — 0,177)= 85,206 moles %

DR R

(100 — 0,653 — 0,177)= 11,457 moles %

meles % Lu(2)= 222% w100 — 0,653 — 0,177)= 1,153 meles %

BE1T1 R

— 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)] (see
4.5.5.3 formula (6))

moles % P(1,3)= S + 10,887 = 16,004 moles %

moles % 5(1,3)= 2250 4 2,042 = 4,325 moles %
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moles % Po(1,8)= "1 41,007 = 1,015 moles %
moles % O(1,3)= 220 4 74,116 = 68,526 moles %
maoles T L{1,3)= w + 8,955 = 9,204 moles %
moles % Laf1,3)= "2 4 1,002 = 0,927 moles %

— 4.5.6. Calculation of triacylglycerols

From the calculated fatty acid composition in sn-2- and sn-1,3-positions:

FA in 1,3-pos 2-pos

P 16,004 % 0,653 %
S 4,325 % 0,177 %
Po 1,015 % 1,262 %
o 68,526 % 85,296 %
L 9,204 % 11,457 %
Ln 0,927 % 1,153 %
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))
4.5.6.1.

o ORI LLAMT R C 03T
moal % LLL = —

,=0,09706 mol LLL

mal % PoFoPo = W = 0,00013 mal PaPoPo
— TAGs with two fatty acids (PoLL, SLnLn, PoPoL) (see formula (8))
4.5.6.2

1 ' ® ® e
1005 % " AST R * 04 W * 2 ='IIIJ}?.141

mal % Polll + LLPo = T

BT Y LR Y AMM R
_——— = = (01069

mal % LPol, = R

0,03210 mol PoLL
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mol % SLaLn + LLn§ = #22LEEI0TRL  ,00002

mol % LaSLn = MR I0ERT0ATE — g o002

0,00094 mol SLnLn

mol % PoPol. + LPoPo = M2 1IRRINME"E _ o g

mol % PoLPo = MR UAEETUET _ g o118

0,00354 mol PoPoL

— TAGs with three different fatty acids (PoPLn, OLLn, PLLn, PoOLn) See formula (9)
4.5.6.3

mol % PPaln = 1004 % = I..J:Il:;"l.l.ﬂi'“l = 000874

0507 R * OSSR Y LS 2
= (0,01 2

mol % LoPPo = e

mol % PolaP = 105 % * ].L?ui"; 16004 % * 3 - Dm&?&

0,00761 mol PPoLn

AR TR 0MTR2
o = 0,14556

mol % OLLn =

mol % LaOL = 2 "SI BINETE _ 0,14555

mol % LLa0 = MW'I.H;!;];HM*"S = (1,14544

0,43655 mol OLLn

mol % PLLn = S04SR UMTRT0ATRTE _ g 03300

mol % LoPL = MR I0ELEIIMMEE _ g 00111

mol % LLuP = m%':.b?;u'mmm*a = 003397

0,06907 mol PLLn

mol % PoOLn = MR ISIAI0ERTE _ g 01605

mol % LuPe() = 22T LIBEISMRTE _ g 01603

BEI00LR G2

mol % OLuPo = S5 LI 2 = 0,01604
0,04812 mol PoOLn

ECN42 = 0,69512 mol TAGs

Note I: The elution order can be determined by calculating the equivalent carbon numbers, often

defined by the relation
ECN=CN-In
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, where CN is the carbon number and n is the number of double bonds; it can be calculated more
precisely by taking into account the origin of the double bond. If n,, n; and ny, are the numbers of
double bonds attributed to oleic, linoleic and linolenic acids respectively, the equivalent carbon
number can be calculated by means of the relation of the formula:

EN = CN — dyn, — dinp — dig i

where the coefficient d,, 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 to:

ECN = CN = (2,600, )—(2,35 0. )—(2,17 0y )

Note 2: With several reference triglycerides, it is also possible to calculate the resolution with
respect to triolein:

a=RT' /RT
triolein

by use of the reduced retention time
RT' = RT — RT solvent

The graph of log a 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 1.

Note 3: The efficiency of the column should permit clear separation of the peak of trilinolein
from the peaks of the triglycerides with an adjacent RT. The elution is carried out up to ECN
52 peak.

Note 4: A correct measure of the areas of all peaks of interest for the present determination is
ensured if the second peak corresponding to ECN 50 is 50 % of full scale of the recorder.
Figure 1
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Graph of log a against f (number of double bonds)
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Figure 2

Low linoleic olive oil

(a)
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High linoleic olive oil
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["*ANNEX XIX

DETERMINATION OF ALIPHATIC ALCOHOLS
CONTENT BY CAPILLARY GAS CHROMATOGRAPHY

Textual Amendments
F19 Inserted by Commission Regulation (EC) No 796/2002 of 6 May 2002 amending Regulation (EEC) No

2568/91 on the characteristics of olive oil and olive-pomace oil and on the relevant methods of analysis
and the additional notes in the Annex to Council Regulation (EEC) No 2658/87 on the tariff and statistical
nomenclature and on the Common Customs Tariff.

1. OBJECT

The procedure describes a method for the determination of aliphatic alcohols content in oils
and fats.

2. PRINCIPLE OF THE METHOD


http://www.legislation.gov.uk/id/eur/2002/796
http://www.legislation.gov.uk/id/eur/2002/796
http://www.legislation.gov.uk/id/eur/2002/796
http://www.legislation.gov.uk/id/eur/2002/796
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The fatty substance, with 1-eicosanol added as internal standard, is saponified with ethanolic
potassium hydroxide and then the unsaponifiable matter extracted with ethyl ether. The
alcoholic fraction is separated from the unsaponifiable matter by chromatography on a basic
silica gel plate; the alcohols recovered from the silica gel are transformed into trimethylsilyl
ethers and analysed by capillary gas chromatography.

3. EQUIPMENT
3.1. 250 ml round-bottomed flask fitted with a reflux condenser having ground-glass joints.
3.2. 500 ml separating funnel.

3.3. 250 ml round-bottomed flasks.

3.4. Chromatographic tank for thin-layer chromatographic analysis, for glass plates of
dimensions 20 x 20 cm.

3.5. Ultraviolet lamp having a wavelength of 366 or 254 nm.
3.6. 100 pl and 500 pl microsyringes.

3.7. A cylindrical filter funnel with a G3 porous septum (porosity 15 to 40 pum) of diameter
approximately 2 cm and a depth of some 5 cm, with an attachment suitable for filtration
under vacuum and a 12/21 male ground glass joint.

3.8. 50 ml vacuum conical flask with a 12/21 ground-glass female joint which can be fitted
to the filter funnel (3.7).

3.9. A 10 ml test tube with a tapering bottom and a sealing stopper.

3.10. Gas chromatograph for use with a capillary column, and provided with a splitting

system composed of:

3.10.1. Thermostatic chamber for columns (column oven) to hold the temperature desired
with a precision of = 1 °C.

3.10.2. A temperature-adjustable injection unit with a persilanised glass vaporising element.
3.10.3. A flame ionisation detector and converter-amplifier.

3.10.4. Recorder-integrator for operation with the converter-amplifier (3.10.3), with response
time not exceeding one second and with variable paper-speed.

3.11. Glass or fused silica capillary column, of length 20 to 30 m, internal diameter 0,25
to 0,32 mm, with SE-52 or SE-54 liquid phase or equivalent, with a film thickness
between 0,10 and 0,30 pum.

3.12. Microsyringe for gas chromatography, of 10 ul capacity with hardened needle.
3.13. Analytical balance sensitive to 1 mg (with 0,1 mg display).
4. REAGENTS

4.1. Potassium hydroxide, approximately 2 N ethanolic solution: 130 g potassium
hydroxide (minimum concentration 85 %) is dissolved, with cooling, in 200 ml
distilled water and then made up to one litre with ethanol. The solution should be
stored in a well-stoppered opaque glass bottle.

4.2. Ethyl ether, pure for analysis.
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4.3.
44.

4.5.

4.6.
4.7.
4.8.
4.9.
4.10.
4.11.

4.12.

4.13.
4.14.
4.15.
4.16.

4.17.
4.18.
4.19.

5.1.
5.1.1.

Anhydrous sodium sulphate, analytical purity.

Glass plates coated with silica gel, without fluorescence indicator, thickness 0,25 mm
(commercially available ready for use).

Potassium hydroxide, approximately 0,2 N ethanolic solution; 13 g of potassium
hydroxide are dissolved in 20 ml of distilled water and made up to one litre with
ethanol.

Benzene, for chromatography (see 5.2.2).
Acetone, for chromatography (See 5.2.2).
Hexane, for chromatography (see 5.2.2).
Ethyl ether, for chromatography (see 5.2.2).
Chloroform, for chromatography.

Reference solution for thin-layer chromatography: cholesterol or phytosterols, 5 %
solution in chloroform.

0,2 % solution of 2', 7'-dichlorofluorescein in ethanol. Make slightly basic by adding
a few drops of 2 N alcoholic potassium hydroxide solution.

Anhydrous pyridine, for chromatography.
Hexamethyl disilazane.
Trimethylchlorosilane.

Standard solutions of trimethylsilyl ethers of aliphatic alcohols from Cyj to Cyg. They
may be prepared from mixtures of pure alcohols at the time they are required for use.

A 0,1 % (m/v) solution of 1-eicosanol in chloroform (internal standard).
Carrier gas: hydrogen or helium, gas-chromatographic purity.

Auxiliary gas: nitrogen, gas-chromatographic purity.

PROCEDURE

Preparation of the unsaponifiables

Using a 500 pl microsyringe place, into a 250 ml round-bottom flask, a volume of
0,1 % 1-eicosanol solution in chloroform (4.17) containing a quantity of 1-eicosanol
approximately equal to 10 % of the aliphatic alcohols content in that portion of sample
to be taken for analysis. For example, to 5 g of sample add 250 pl of the 0,1 % 1-
eicosanol solution if olive oil and 1 500 pl if olive pomace oil.

Evaporate to dryness in current of nitrogen and then weigh accurately 5 g of the dry filtered
sample into the same flask.

5.1.2.

Add 50 ml of 2 N potassium hydroxide ethanolic solution, fit the reflux condenser and
heat the apparatus to slight boiling on a steam bath, stirring continuously throughout
the heating process until saponification has taken place (the solution becomes clear).
Continue heating for a further 20 minutes and then add 50 ml of distilled water
through the condenser. The condenser is then disconnected and the flask cooled to
approximately 30 °C.
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5.1.3.  The contents of the flask are quantitatively transferred to a separating funnel of 500 ml
capacity by adding distilled water several times, using a total of around 50 ml distilled
water. Add approximately 80 ml of ethyl ether, shake vigorously for approximately
30 seconds and allow to settle (Note 1).

Separate off the lower aqueous phase collecting it in a second separating funnel. Two further
extractions are effected on the aqueous phase, in the same manner, using each time 60 to 70
ml ethyl ether.

Note 1:

Emulsions may be eliminated by adding, using as a spray, small quantities of ethyl alcohol or
methyl alcohol.

5.1.4.  The ethyl ether extracts are combined in a separating funnel and washed with distilled
water (50 ml at a time) until the washing water gives a neutral reaction.

Discard the washing water, dry with anhydrous sodium sulphate and filter, into a flask of 250
ml capacity which has been weighed beforehand, the funnel and filter being washed with small
quantities of ethyl ether which are added to the total.

5.1.5.  Distil the ether down to a few ml, then bring to dryness under a slight vacuum or in
a current of nitrogen, completing drying in an oven at 100 °C for approximately a
quarter of an hour, and then weigh after cooling in a desiccator.

5.2. Separation of alcoholic fractions

5.2.1.  Preparation of basic TLC plates: the silica gel plates (4.4) are immersed completely, in
0,2 N potassium hydroxide solution (4.5) for 10 seconds, and then left to dry for two
hours under an extractor hood and finally placed in an oven at 100 °C for one hour.

Remove from the oven and keep in a calcium chloride desiccator until required for use (plates
treated in this way must be used within 15 days).
Note 2:

When basic silica gel plates are used to separate the alcoholic fraction there is no need to treat
the unsaponifiables with alumina. It follows that all acid compounds (fatty acids and others) are
retained at the origin thereby obtaining both aliphatic alcohol and terpenic alcohol bands which
are both separated distinctly from the sterol band.

5.2.2.  Place a 65/35 by volume hexane/ethyl ether mixture in the plate-developing chamber
to a depth of approximately 1 cm®.

Close the chamber using an appropriate cover and leave for half an hour to allow equilibration

between vapour and liquid. Strips of filter paper dipping into the eluent may be affixed to the

inside surfaces of the tank to reduce the development time by approximately one third and obtain

more uniform, regular elution of the components.

Note 3:

The developing solution must be replaced for each analysis in order to obtain reproducible
developing conditions.

5.2.3. An approximately 5 % solution of unsaponifiable matter (5.1.5) in chloroform is
prepared and 0,3 ml of the solution is streaked as a uniform strip of minimum
thickness, using the 100 pl microsyringe, on a TLC plate at approximately 2 cm from
the bottom of the TLC plate. Aligned with the origin, 2 to 3 pl of the aliphatic alcohols
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reference solution (4.11) are spotted for the identification of the aliphatic alcohols
band after development has been completed.

5.2.4.  Place the plate inside the development tank as stated in 5.2.2. The ambient temperature
should be maintained between 15 and 20 °C. Immediately close the chamber with the
cover and allow to elute until the solvent front reaches approximately 1 cm from the
upper edge of the plate.

The plate is then removed from the development chamber and the solvent evaporated under a
hot air current or the plate is left for a while under the extractor hood.

5.2.5.  The plate is sprayed lightly and evenly with the solution of 2', 7'-dichlorofluorescein
when the plate is observed under ultra violet light. The aliphatic alcohols band can be
identified through being aligned with the stain obtained from the reference solution:
mark the limits of the band with a black pencil; outlining the band of aliphatic alcohols
and the band immediately above that, which is the terpenic alcohols band, together.

Note 4:

The aliphatic alcohols band and the terpenic alcohols band are to be grouped together in view
of the possible migration of some aliphatic alcohols into the triterpenic alcohols band.

5.2.6. Using a metal spatula scrape off the silica gel in the marked area. Place the
finely comminuted material removed into the filter funnel (3.7). Add 10 ml of hot
chloroform, mix carefully with the metal spatula and filter under vacuum, collecting
the filtrate in the conical flask (3.8) attached to the filter funnel.

Wash the pomace in the flask three times with ethyl ether (approximately 10 ml each time)
collecting the filtrate in the same flask attached to the funnel. Evaporate the filtrate to a volume
of 4 to 5 ml, transfer the residual solution to the previously weighed 10 ml test tube (3.9),
evaporate to dryness by mild heating in a gentle flow of nitrogen, make up again using a few
drops of acetone, evaporate again to dryness, place in an oven at 105 °C for approximately 10
minutes and then allow to cool in a desiccator and weigh.

The pomace inside the test tube is composed of the alcoholic fraction.
5.3. Preparation of the trimethylsilyl ethers

5.3.1.  The reagent for silylation, consisting of a mixture of 9:3:1 by volume (Note 5) of
pyridine-hexamethyldisilazane-trimethylchlorosilane in the proportion of 50 pl for
each milligram of aliphatic alcohols, is added to the test tube containing the alcoholic
fraction, avoiding all absorption of moisture (Note 6).

Note 5:

Solutions which are ready for use are available commercially. Other silanising reagents such as,
for example, bis-trimethylsilyl, trifluor acetamide + 1 % trimethyl chlorosilane, which has to be
diluted with an equal volume of anhydrous pyridine, are also available.

Note 6:

The slight opalescence which may form is normal and does not cause any interference. The
formation of a white floc or the appearance of a pink colour are indicative of the presence of
moisture or deterioration of the reagent. If these occur the test must be repeated.

5.3.2.  Stopper the test tube, shake carefully (without overturning) until the aliphatic alcohols
are completely dissolved. Stand for at least 15 minutes at ambient temperature and
then centrifuge for a few minutes. The clear solution is ready for gas chromatographic
analysis.
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54.
54.1.
54.1.1.

54.1.2.

Note 7:

Gas chromatography analysis
Preliminary operations, column packing

Fit the column in the gas chromatograph, attaching the inlet end to the injector
connected to the splitting system and the outlet end to the detector. Carry out a general
check of the gas chromatography assembly (tightness of gas fittings, efficiency of the
detector, efficiency of the splitting system and of the recording system, etc.).

If the column is being used for the first time it is recommended that it should be
subjected to conditioning. A little carrier gas is passed through the capillary column
and then the gas chromatography assembly is switched on and gradually heated
until a temperature not less than 20 °C above the operating temperature (see Note
7) is attained. That temperature is held for not less than two hours and then the
assembly is brought to the operating conditions (regulation of gas flow, split flame
ignition, connection to the electronic recorder, adjustment of the temperature of the
capillary column oven, the detector and the injector, etc.) and the signal is adjusted
to a sensitivity not less than twice the highest level contemplated for the execution of
the analysis. The course of the base line must be linear, without peaks of any kind,
and must not drift. A negative straight-line drift indicates leakage from the column
connections; a positive drift indicates inadequate conditioning of the column.

The conditioning temperature shall be at least 20 °C less than the maximum temperature
contemplated for the liquid phase employed.

54.2.
54.2.1.

Choice of operating conditions

The guideline operating conditions are as follows:

column temperature: the initial isotherm is set at 180 °C for eight minutes and then
programmed at 5 °C/minute to 260 °C and a further 15 minutes at 260 °C,

temperature of evaporator: 280 °C,

temperature of detector: 290 °C,

linear velocity of carrier gas: helium 20 to 35 cm/s, hydrogen 30 to 50 cm/s,
splitting ratio: 1:50 to 1:100,

sensitivity of instrument: 4 to 16 times the minimum attenuation,

sensitivity of recording: 1 to 2 mV fs,

paper speed: 30 to 60 cm/h,

quantity of substance injected: 0,5 to 1 pul of TMSE solution.

The above conditions may be modified according to the characteristics of the column and of the
gas chromatograph to obtain chromatograms satisfying the following conditions:

5.4.22.

5.4.2.3.

alcohol Cy4 retention time shall be 18 &+ 5 minutes,

the alcohol C,;, peak shall be 80 & 20 % of the full scale value for olive oil and 40 +
20 % of the full scale value for seed oil.

The above requirements are checked by repeated injection of the standard TMSE
mixture of alcohols and the operating conditions are adjusted to yield the best possible
results.

The parameters for the integration of peaks shall be set so that a correct appraisal of
the areas of the peaks considered is obtained.
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5.4.3.  Analytical procedure

5.4.3.1. Using the microsyringe of 10 ul capacity draw in 1 ul of hexane followed by 0,5 ul
of air and subsequently 0,5 to 1 ul of the sample solution; raise the plunger of the
syringe further so the needle is emptied. Push the needle through the membrane of
the injection unit and after one to two seconds inject rapidly, then slowly remove the
needle after some five seconds.

5.4.3.2. Recording is effected until the TMSE of the aliphatic alcohols present have been eluted
completely. The base line shall always correspond to the requirements of 5.4.1.2.

5.4.4. Peak identification

The identification of individual peaks is effected according to the retention times and by
comparison with the standard TMSE mixture, analysed under the same conditions.

A chromatogram of the alcoholic fraction of a virgin olive oil is shown in Figure 1.
5.4.5. Quantitative evaluation

5.4.5.1. The peak areas of 1-eicosanol and of the aliphatic alcohols C,,, Cy4, Cy6 and Cyg are
calculated by electronic integration.

5.4.5.2. The contents of each aliphatic alcohol, expressed in mg/

1 000

g fatty substance, are calculated as follows:

A -m_- 1000

alcohol x =
A -m

where:
Ax = area of the alcohol peak x
A = area of 1-eicosanol
mg = mass of 1-eicosanol in milligrams
m = mass of sample drawn for determination, in grams.
6. EXPRESSION OF THE RESULTS

The contents of the individual aliphatic alcohols in mg/1 000 g of fatty substance and the sum
of the ‘total aliphatic alcohols’ are reported.



116 Commission Regulation (EEC) No 2568/91 of 11 July 1991 on the characteristics of-..
ANNEX XX
Document Generated: 2024-06-29

Status: Point in time view as at 01/03/2014.
Changes to legislation: There are outstanding changes not yet made to Commission
Regulation (EEC) No 2568/91. Any changes that have already been made to the legislation
appear in the content and are referenced with annotations. (See end of Document for details)

APPENDIX

Determination of the linear velocity of the gas

1 to 3 pl of methane or propane are injected into the gas chromatograph set at normal operating
conditions and the time taken for the methane or propane to flow through the column from the
instant of injection to the instant the peak elutes (tM) is measured using a stop clock.

The linear velocity in cm/s is given by L/tM, where L is the length of the column in centimetres
and tM is the measured time in seconds.]

[F*ANNEX XX

Method for the determination of the content of waxes, fatty acid methyl
esters and fatty acid ethyl esters by capillary gas chromatography

L. PURPOSE

This method is for the determination of the content of waxes, fatty acid methyl and ethyl esters
in olive oils. The individual waxes and alkyl esters are separated according to the number of
carbon atoms. The method is recommended as a tool for distinguishing between olive oil and
olive-pomace oil and as a quality parameter for extra virgin olive oils enabling the detection of
fraudulent mixtures of extra virgin olive oils with lower quality oils whether they are virgin,
lampante or some deodorised oils.

2. PRINCIPLE

Addition of suitable internal standards to the oil and fractionation by chromatography on
a hydrated silica gel column. Recovery of the fraction eluted under the test conditions
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(with a lower polarity than that of the triacylglycerols) and direct analysis by capillary gas
chromatography.

3. APPARATUS
3.1. Erlenmeyer flask, 25 ml.
3.2. Glass column for liquid chromatography, internal diameter 15 mm, length 30-40 cm,

fitted with a suitable stopcock.

3.3. Gas chromatograph suitable for use with a capillary column, equipped with a system
for direct, on-column injection comprising:

3.3.1.  Thermostat-controlled oven with temperature programming.
3.3.2.  Cold injector for direct on-column injection
3.3.3.  Flame ionisation detector and converter-amplifier.

3.3.4. Recorder-integrator (Note 1) for use with the converter-amplifier (point 3.3.3), with
a response time of not more than 1 s and a variable paper speed.

Note I: Computerised systems may also be used where the gas chromatography data are
entered through a PC.

3.3.5. Capillary column, fused silica (for analysis of the waxes and methyl and ethyl
esters), length 8-12 m, internal diameter 0,25-0,32 mm, internally coated with liquid
phase (Note 2) to a uniform thickness of 0,10-0,30 pum.

Note 2: Suitable commercial liquid phases are available for this purpose such as SE52, SE54,

etc.
3.4. Microsyringe, 10 pl, with hardened needle, for direct on-column injection.
3.5. Electric shaker.
3.6. Rotary evaporator.

3.7. Muffle oven.

3.8. Analytical balance for weighing to an accuracy of + 0,1 mg.

3.9. Usual laboratory glassware.

4. REAGENTS

4.1. Silica gel, 60-200 um mesh. Place the silica gel in the muffle oven at 500 °C for at

least 4 h. Allow to cool and then add 2 % water in relation to the quantity of silica
gel used. Shake well to homogenise slurry and keep in the desiccator for at least 12
h prior to use.

4.2. n-hexane, chromatography grade or residue grade (the purity must by checked).

WARNING — Fumes may ignite. Keep away from sources of heat, sparks or naked flames.
Make sure the bottles are always properly closed. Ensure proper ventilation during usage. Avoid
build-up of fumes and remove any possible fire risk, such as heaters or electric apparatus not
manufactured from non-inflammable material. Pernicious if inhaled, because it may cause nerve
cell damage. Avoid breathing in the fumes. Use a suitable respiratory apparatus if necessary.
Avoid contact with eyes and skin.
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4.3. Ethyl ether, chromatography grade

WARNING — Highly inflammable and moderately toxic. Irritates the skin. Pernicious if inhaled.
May cause damage to eyes. Effects may be delayed. It can form explosive peroxides. Fumes
may ignite. Keep away from sources of heat, sparks or naked flames. Make sure the bottles are
always properly closed. Ensure proper ventilation during usage. Avoid build-up of fumes and
remove any possible fire risk, such as heaters or electric apparatus not manufactured from non-
inflammable material. Do not evaporate to dryness or near dryness. The addition of water or an
appropriate reducing agent can reduce peroxide formation. Do not drink. Avoid breathing in the
fumes. Avoid prolonged or repeated contact with skin.

4.4. n-heptane, chromatography grade, or iso-octane

WARNING - Inflammable. Pernicious if inhaled. Keep away from sources of heat, sparks or
naked flames. Make sure the bottles are always properly closed. Ensure proper ventilation during
usage. Avoid breathing in the fumes. Avoid prolonged or repeated contact with skin.

4.5. Standard solution of lauryl arachidate (Note 3), at 0,05 % (m/V) in heptane (internal
standard for waxes).

Note 3: Palmityl palmitate, myristyl stearate or arachidyl laureate may also be used.

4.6. Standard solution of methyl heptadecanoate, at 0,02 % (m/V) in heptane (internal
standard for methyl and ethyl esters).

4.7. Sudan 1 (1-phenylazo-2-naphthol).

4.8. Carrier gas: hydrogen or helium, pure, gas chromatography grade.
WARNING

Hydrogen. Highly inflammable, under pressure. Keep away from sources of heat, sparks, naked
flames or electric apparatus not manufactured from non-inflammable material. Make sure the
bottle valve is shut when not in use. Always use with a pressure reducer. Release the tension
of the reducer spring before opening the bottle valve. Do not stand in front of the bottle outlet
when opening the valve. Ensure proper ventilation during usage. Do not transfer hydrogen from
one bottle to another. Do not mix gas in the bottle. Make sure the bottles cannot be knocked
over. Keep them away from sunlight and sources of heat. Store in a corrosive-free environment.
Do not use damaged or unlabelled bottles.

Helium. Compressed gas at high pressure. It reduces the amount of oxygen available for
breathing. Keep the bottle shut. Ensure proper ventilation during usage. Do not enter storage
areas unless they are properly ventilated. Always use with a pressure reducer. Release the tension
of the reducer spring before opening the bottle valve. Do not transfer gas from one bottle to
another. Make sure the bottles cannot be knocked over. Do not stand in front of the bottle
outlet when opening the valve. Keep them away from sunlight and sources of heat. Store in
a corrosive-free environment. Do not use damaged or unlabelled bottles. Do not inhale. Use
solely for technical purposes.

4.9. Auxiliary gases:
— Hydrogen, pure, gas chromatography grade.

— Air, pure, gas chromatography grade.
WARNING

Air. Compressed gas at high pressure. Use with caution in the presence of combustible
substances as the self-ignition temperature of most of the organic compounds in the air is
considerably lower under high pressure. Make sure the bottle valve is shut when not in use.
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Always use a pressure reducer. Release the tension of the reducer spring before opening the
bottle valve. Do not stand in front of the bottle outlet when opening the valve. Do not transfer
gas from one bottle to another. Do not mix gas in the bottle. Make sure the bottles cannot be
knocked over. Keep them away from sunlight and sources of heat. Store in a corrosive-free
environment. Do not use damaged or unlabelled bottles. Air intended for technical purposes
must not be used for inhaling or respiratory apparatus.

5. PROCEDURE
5.1. Preparation of the chromatography column

Suspend 15 g of silica gel (point 4.1) in n-hexane (point 4.2) and introduce into the column
(point 3.2). Allow to settle spontaneously. Complete settling with the aid of an electric shaker to
make the chromatographic bed more homogeneous. Percolate 30 ml of n-hexane to remove any
impurities. Weigh exactly about 500 mg of the sample into the 25-ml flask (point 3.1), using
the analytical balance (point 3.8), and add a suitable amount of internal standard (point 4.5),
depending on the assumed wax content, e.g. add 0,1 mg of lauryl arachidate in the case of olive
oil, 0,25-0,50 mg in the case of olive-pomace oil and 0,05 mg of methyl heptadecanoate for
olive oils (point 4.6).

Transfer the prepared sample to the chromatography column with the aid of two 2-ml portions
of n-hexane (point 4.2).

Allow the solvent to flow to 1 mm above the upper level of the absorbent. Percolate a further
of n-hexane/ethyl ether (99:1) and collect 220 ml at a flow of about 15 drops every 10 seconds.
(This fraction contains the methyl and ethyl esters and waxes). (Note 4) (Note 5).

Note 4: The n-hexane/ethyl ether (99:1) mixture should be freshly prepared every day

Note 5: 100 pl of Sudan I dye at 1 % in the elution mixture can be added to the sample solution
to check visually that the waxes are eluted properly.

The retention time of the dye lies in between that of the waxes and triacylglycerols. Hence,
when the dye reaches the bottom of the chromatography column, elution has to be suspended
because all the waxes have been eluted.

Evaporate the resultant fractions in a rotary evaporator until the solvent is almost removed.
Remove the last 2 ml under a weak current of nitrogen. Collect the fraction containing the methyl
and ethyl esters is diluted with 2-4 ml of n-heptane or iso-octane.

5.2. Gas chromatography analysis
5.2.1.  Preliminary procedure

Fit the column to the gas chromatograph (point 3.3), connecting the inlet port to the on-column
system and the outlet port to the detector. Check the gas chromatography apparatus (operation
of gas loops, efficiency of detector and recorder system, etc.).

If the column is being used for the first time, it is advisable to condition it. Run a light flow of
gas through the column, then switch on the gas chromatography apparatus. Gradually heat until
a temperature of 350 °C is reached after approximately 4 h.

Maintain this temperature for at least 2 h, then regulate the apparatus to the operating conditions
(regulate gas flow, light flame, connect to electronic recorder (point 3.3.4), regulate oven
temperature for column, regulate detector, etc.). Record the signal at a sensitivity at least twice
as high as that required for the analysis. The base line should be linear, with no peaks of any
kind, and must not have any drift.
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Negative straight-line drift indicates that the column connections are not correct while positive
drift indicates that the column has not been properly conditioned.

5.2.2.  Choice of operating conditions for waxes and methyl and ethyl esters (Note 6).

The operating conditions are generally as follows:

—Column : 20 °C/min 5 °C/min

temperature
80 °C at first (1') ————— 140 °C ——— 335 °C (20)

—Detector : 350 °C.

temperature

—Amount : 1 ul of n-heptane solution (2-4 ml).

injected

—Carrier gas . helium or hydrogen at the optimal linear speed for the gas chosen (see
Appendix A).

—Instrument . suitable for fulfilling the above conditions.

sensitivity

Note 6: Due to the high final temperature, positive drift is allowed but may not exceed more
than 10 % of the full-scale value.

These conditions may be modified to suit the characteristics of the column and the gas
chromatograph in order to separate all the waxes and fatty acid methyl and ethyl esters and
to obtain satisfactory peak separation (see Figures 2, 3 and 4) and a retention time of 18 + 3
minutes for the lauryl arachidate internal standard. The most representative peak of the waxes
must be over 60 % of the full-scale value while the methyl heptadecanoate internal standard for
the methyl and ethyl esters must reach the full-scale value.

The peak integration parameters should be determined in such a way as to obtain a correct
evaluation of the peak areas considered.

5.3. Performance of the analysis

Take up 10 pl of the solution with the aid of the 10 ul micro-syringe, drawing back the plunger
until the needle is empty. Introduce the needle into the injection system and inject quickly after
1-2 s. After about 5 s, gently extract the needle.

Perform the recording until the waxes or stigmastadienes are completely eluted, depending on
the fraction being analysed.

The base line must always meet the required conditions.
54. Peak identification

Identify the peaks from the retention times by comparing them with mixtures of waxes with
known retention times, analysed under the same conditions. The alkyl esters are identified from
mixtures of methyl and ethyl esters of the chief fatty acids in olive oils (palmitic and oleic).

Figure 1 provides a chromatogram of the waxes in a virgin olive oil. Figures 2 and 3 show the
chromatograms of two retail extra virgin olive oils, one with methyl and ethyl esters and the
other without them. Figure 4 gives the chromatograms for a top-quality extra virgin olive oil
and the same oil spiked with 20 % deodorised oil.

5.5. Quantitative analysis of the waxes

Determine the area of the peaks corresponding to the lauryl arachidate internal standard and the
aliphatic esters from Cy to C46 With the aid of the integrator.
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Determine the total waxes content by adding each individual wax, in mg/kg of fat, as follows:

[0 Ay Joxirm, = HOO0

Wanxes, mg | Jog = =20

where:

Ay = area corresponding to the peak for the individual ester, in computer
counts

A = area corresponding to the peak for the lauryl arachidate internal
standard, in computer counts

mg = mass of the lauryl arachidate internal standard added, in milligrams;

m = mass of the sample taken for determination, in grams.

5.5.1.  Quantitative analysis of the methyl and ethyl esters

With the aid of the integrator, determine the areas of the peaks corresponding to the methyl
heptadecanoate internal standard, the methyl esters of the C,¢ and C,g fatty acids and the ethyl
esters of the Ci¢ and C,g fatty acids.

Determine the content of each alkyl ester, in mg/kg of fat, as follows:

Ester, mg / kg = 2 ‘:’:‘_:u

where:

Ay = area corresponding to the peak for the individual C;¢ and C;g ester, in
computer counts

A = area corresponding to the peak for the methyl heptadecanoate internal
standard, in computer counts

mg = mass of the methyl heptadecanoate internal standard added, in
milligrams;

m = mass of the sample taken for determination, in grams.

6. EXPRESSION OF RESULTS

Report the sum of the contents of the different waxes from Cyg to Cyg (Note 7) in milligrams
per kilograms of fat.

Report the sum of the contents of the methyl esters and ethyl esters from C;4 to Cig and the
total of the two.

Results should be expressed to the nearest mg/kg.

Note 7: The components for quantification refer to the peaks with even carbon numbers
amongst the Cyo - Cy¢ esters, according to the specimen chromatogram of the waxes
in olive oil provided in the attached figure. For identification purposes, if the C44 ester
is split, it is recommended to analyse the wax fraction of an olive-pomace oil where
the Cy6 peak is distinguishable because it is clearly predominant.

Report the ratio between ethyl esters and methyl esters
Figure 1
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Example of a gas chromatogram of the wax fraction of an olive oil"”
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Methyl esters, ethyl esters and waxes in a virgin olive oil
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Methyl esters, ethyl esters and waxes in an extra virgin olive oil
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Part of a chromatogram of an extra virgin olive oil and the same oil spiked with
deodorised oil
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Appendix A
Determination of linear gas speed

Inject 1:3 pl of methane (or propane) into the gas chromatograph after adjusting it to the normal
operating conditions. Measure the time the gas takes to run through the column from the moment
it is injected until the peak emerges (tM).

The linear speed in cm/s is given by L/tM where L is the length of the column, in cm, and tM
is the time measured in s.]

[ ANNEX XXa

METHOD FOR THE DETECTION OF EXTRANEOUS OILS IN OLIVE OILS
L. SCOPE

This method is used to detect the presence of extraneous vegetable oils in olive oils. High linoleic
vegetable oils (soybean, rapeseed, sunflower, etc.), and some high oleic vegetable oils - such
as hazelnut, high oleic sunflower and olive-pomace oils - can be detected in olive oils. The
level detected depends on the type of extraneous oil and the variety of olive. For hazelnut oil,
a detection level between 5 and 15 % is common. The method is unable to identify the type of
extraneous oil detected, and only indicates if the olive oil is genuine or non-genuine.

2. PRINCIPLE

The oil is purified by solid phase extraction (SPE) on silica gel cartridges. The triacylglycerol
(TAG) composition is determined by reverse phase high resolution liquid chromatography
using a refractive index detector and propionitrile as the mobile phase. Fatty acid methyl
esters (FAMESs) are prepared from purified oil by methylation with a cold solution of KOH
in methanol (Annex X B) and then the esters are analysed by capillary gas chromatography
using high polar columns (Annex X A). The theoretical triacylglycerol composition is calculated
from the fatty acid composition by a computer program assuming a 1,3-random, 2-random
distribution of fatty acids in the triacylglycerol, with restrictions for saturated fatty acids in the 2-
position. The calculation method is a modification of the procedure described in Annex XVIII.
Several mathematical algorithms are calculated from theoretical and experimental (HPLC)
triacylglycerol compositions, and the resulting values are compared with those contained in a
database built from genuine olive oils.

3. MATERIAL AND REAGENTS

3.1. QOil purification

3.1.1.  25-ml conical flasks.

3.1.2.  5-ml screw top glass tubes and caps fitted with PTFE joint.

3.1.3.  Silica gel cartridges, 1 g (6 ml), for solid phase extraction (for example, Waters,
Massachusetts, USA).

3.1.4.  n-hexane, analytical grade.
3.1.5.  Solvent mixture of hexane/diethyl ether (87:13, v/v).
3.1.6.  N-heptane, analytical grade.

3.1.7.  Acetone, analytical grade.
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3.2. HPLC analysis of triacylglycerols
3.2.1.  Micro syringes (50 puL) and needles for HPLC injection.

3.2.2.  Propionitrile, super purity or HPLC grade (for example, ROMIL, Cambridge, United
Kingdom), used as mobile phase.

3.2.3. HPLC column (25 cm X 4 mm internal diameter), packed with RP-18 phase (4 um
particle size).

3.3. Preparation of fatty acid methyl esters

(See Annex X B)

3.3.1.  Methanol containing not more than 0,5 % water.
3.3.2.  Heptane, analytical grade.

3.3.3. A 2N solution of potassium hydroxide in methanol. Dissolve 1,1 g of potassium
hydroxide in 10 ml of methanol.

3.3.4.  5-ml screw top glass tubes and caps provided with PTFE joint.
34. GC analysis of FAMEs

(See method for the determination of frans-unsaturated fatty acids by capillary column gas
chromatography set out in Annex X A).

34.1 Micro syringes (5 pL) and needles for GC injection.
34.2 Hydrogen or helium as carrier gas.

343 Hydrogen and oxygen for FID detector.

344 Nitrogen or helium as auxiliary carrier gas.

3.4.5. Fused silica capillary column (50-60 m x 0,25 — 0,30 mm internal diameter) coated
with cyanopropylpolysiloxane or cyanopropylphenylsiloxane phases (SP-2380 or
similar) with 0,20-0,25 um of film thickness.

4. APPARATUS
4.1. Vacuum apparatus for solid phase extraction.
4.2. Rotary evaporator.

4.3. HPLC equipment composed of:

4.3.1.  Degasser for the mobile phase.

4.3.2.  Rheodyne injector valve with a 10 uL loop.
4.3.3.  High pressure pump unit.

43.4. Thermostatic oven for the HPLC column capable of maintaining sub-ambient
temperatures (15-20 °C), (for example, Peltier type).

4.3.5. Refractive index detector.

4.3.6. Computerised data acquisition system provided with an integration program.
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4.4 Capillary gas chromatography equipment described in Annex X A, provided with:
4.4.1.  Split injector.

4.4.2.  Flame ionisation detector (FID).

4.4.3.  Oven with programmable temperature.

4.4.4. Computerised data acquisition system provided with an integration program.

4.5. Computer with Microsoft EXCEL program.

5. ANALYTICAL PROCEDURE

5.1. Oil purification

An SPE silica gel cartridge is placed in a vacuum elution apparatus and washed under vacuum
with 6 ml of hexane. The vacuum is released to prevent the column from drying and a conical
flask is placed under the cartridge. A solution of the oil (0,12 g, approximately) in 0,5 ml of
hexane is loaded into the column and the solution is pulled through and then eluted with 10
ml of the solvent mixture (3.1.5) of hexane-diethyl ether (87:13 v/v) under vacuum. The eluted
solvent is homogenised and approximately half of the volume is poured into another conical
flask. Both solutions are separately evaporated to dryness in a rotary evaporator under reduced
pressure at room temperature. For triacylglycerol analysis, one of the residues is dissolved in
1 ml of acetone (See first paragraph of point 5.2) and poured into a 5-ml screw top glass tube.
The other residue is dissolved in 1 ml of n-heptane and poured into a second 5-ml screw top
glass tube for preparing the fatty acid methyl esters.

Note: Oil purification may be done using a silica gel column, as described in [UPAC method
2.507.

5.2. HPLC analysis of triacylglycerols

Set up the HPLC system, maintaining the column temperature at 20 °C and using propionitrile
as the mobile phase at a flow rate of 0,6 ml/min. When the baseline is stable run a solvent
injection; if the base line appears disturbed in the region from 12 to 25 min, use another type of
acetone or a mixture of propionitrile/acetone (25:75) to dissolve the sample.

Note: Some types of acetone produce disturbances of the baseline in the above-mentioned
region.

Inject a 10 pl aliquot of the solution of purified oil in acetone (5 %). The run takes approximately
60 min. Oven temperature and/or flow rate must be adjusted to achieve a chromatogram similar
to that depicted in Figure 1 where trilinolein (peak 1) elutes at 15,5 min and the resolutions
between the pairs LLL/OLLn (peaks 1 and 2) and OLL/OOLn (peaks 4 and 5) are good.

The height of peak 2 (OLLn+PoLL) must reach at least 3 % of the full scale.
5.3. Preparation of fatty acid methyl esters

Add 0,1 mL of a 2N solution of potassium hydroxide in methanol to the solution of purified oil
in 1 mL of n-heptane. Cap the tube and screw tight. Shake the tube vigorously for 15 seconds
and leave to stratify until the upper layer becomes clear (5 minutes). The n-heptane solution is
ready to be injected into the gas chromatograph. The solution may be left at room temperature
for a maximum of 12 hours.

54. GC analysis of fatty acid methyl esters
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The procedure described in the method for the determination of #rans-unsaturated fatty acids
must be used (see Annex X A).

The GC system is set up at an oven temperature of 165 °C. The recommended oven temperature
is isothermal at 165 °C for 10 min, then raising it to 200 °C at 1,5 °C/min. An injector
temperature between 220 °C and 250 °C is recommended to minimise the formation of trans-
fatty acids (see Annex X A). Detector temperature 250 °C. Hydrogen or helium must be used
as the carrier gas at a column head pressure of 130 kPa, approximately. Injection volume 1puL
in split injection mode.

A GC profile similar to that shown in Figure 2 must be obtained. Special attention must be paid
to the resolution between C18:3 and C20:1 (the C18:3 peak must appear before the C20:1).
To achieve these conditions, the initial temperature and/or the column head pressure must be
optimised. Adjust the injector conditions (temperature, split ratio and volume injection) to
minimise the discrimination of palmitic and palmitoleic acid.

The height of the C20:0 peak must be about 20 % of full scale to quantify the trans isomers. If
the C18:0 peak appears distorted, reduce the sample amount.

6. INTEGRATION OF CHROMATOGRAPHIC PEAKS
6.1. HPLC chromatogram

Figure 1 shows a typical HPLC chromatogram of the triacylglycerols of a purified olive oil. For
peak integration, three baselines must be traced: the first between the start of peak 1 and the end
of peak 3; the second between the start of peak 4 and the valley before peak 8; the third between
the valley preceding peak 8 and the end of peak 18.

The total area is the sum of the areas of all the peaks (identified and not identified) from peak
1 to peak 18. The percentage of each peak is given by

TAG, (%)= 1004, + Ar)
The percentages have to be given to two decimal figures.
6.2. GC chromatogram

Figure 2 shows a GC chromatogram of fatty acid alkyl esters obtained from a purified olive oil.
Percentages of the following fatty acids must be calculated:

Palmitic; P (C16:0) = methyl ester + ethyl
ester

Stearic; S (C18:0) = methyl ester

Palmitoleic; Po (C16:1) = sum of methyl esters
of the two cis-isomers

Oleic; O (C18:1) = sum of methyl esters

of the two cis-isomers
+ ethyl ester + trans-
isomers

Linoleic; L (C18:2) = methyl ester+ ethyl
ester + trans-isomers

Linolenic; Ln (C18:3) = methyl ester + trans-
isomers
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Arachidic; A (C20:0) = methyl ester
Eicosenoic (gondoic); | G (C20:1) = methyl ester

Ethyl and trans-isomers esters may be absent in the GC chromatogram.

Total area (AT) is the sum of all the peaks appearing in the chromatogram from C14:0 to C24:0,
except that corresponding to squalene. The percentage of each peak is calculated as follows:

FA- (%)= 100 A, + A7)

The results have to be expressed to two decimal places.

For the calculations of the computer programs, it is not necessary to normalise to 100 because
this is done automatically.
Figure 1

HPLC chromatogram of TAGs of a ‘Chamlali’ virgin olive oil. Main components of
chromatographic peaks
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TABLE 1

Repeatability data of the determination of virgin olive oil TAGs by HPLC at a column
temperature of 20 °C and using propionitrile as mobile phase

ECN| HPLCTAGs Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
peaks Mean RSD, Mean RSD, Mean RSD,| Mean RSD,, Mean RSD,
(Y0) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
42 1 LLL |0,02 |7,23 |0,066|5,18 |0,095 4,1 |0,113|0,95 |0,34 |1,05

2 OLLn|0,085|7,44 |0,24 |1,78 |0,26 [2,25 |0,35 |2,02 [0,5 |2,83

PoLL
3 PLLn | 0,023 | 15,740,039 |5,51 |0,057 5,62 |0,082|4,35 |0,12 |6,15
44 4 OLL (0,47 |[1,52 |1,53 (0,42 |2,62 (0,98 |3,35 |1,05 |4,37 |1,13

3 replicates o o
Relative Standard Deviation of the repeatability

n
RSD,
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5 OOLn| 1,07 (2,01 |1,54 |0,46 |1,61 |0,71 |1,72 |1,07 |1,77 |2,4

PoOL
6 PLL |0,11 |12,86|0,24 (437 0,65 |1,32 (1,35 0,73 |2,28 |1,24

PoPo(Q

7 POLn|0,42 |5,11 (0,49 |2,89 |0,55 |2,01 |0,85 |1,83 |1,09 |1,96
PpoPo

PpoL

46 8 OOL |6,72 (0,63 |8,79 |0,31 |11,21 0,42 |13,25|0,33 |15,24|0,23

LnPP

9 PoOO|1,24 (2,86 1,49 10,95 |1,63 |0,85 |2,12 |0,45 |2,52 |0,56

10 SLL (2,7 10,65 |4,05 (0,7 6,02 |0,65 (9,86 |0,53 |11,53 0,31

PLO

11 PoOP| 0,64 (4,42 |0,69 |3,02 (0,79 |1,23 |1,53 |0,89 |1,7 |1,66
SpoL
SOLn

SpoPo

48 12+13, OO0 | 49,6 |0,07 |48,15]0,06 [42,93|0,06 |33,25|0,1 |24,16|0,06

PLP+
PoPP

14 SOL 0,82 |1,72 |0,92 |1,56 |1,05 |1,32 |1,25 |1,05 |1,6 |1,77

15 POO |22,75(0,25 (21,8 |0,2 |21,05(0,3 |20,36/0,35 |20,17|0,14

50 16 POP 3,05 [0,46 |4,56 |0,42 (4,98 |0,52 |5,26 [0,41 |5,57 |0,38

17 SO0 (6,87 0,21 |5,56 (0,33 4,86 |0,43 (4,12 0,72 |3,09 |0,69

18 POS |1,73 (1,23 |1,65 |1,1 1,54 0,99 (1,49 1,1 1,41 |1,0

SLS

3 replicates o o
Relative Standard Deviation of the repeatability

n
RSD;

Figure 2
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GC chromatogram of fatty acid alkyl esters obtained from an olive-pomace oil by
transesterification with a cold solution of KOH in methanol
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7. DETECTION OF EXTRANEOUS OILS IN OLIVE OILS

The calculation method of the detection of extraneous oils in olive oils by means of a comparison
of mathematical algorithms with a data base built from genuine olive oils is set out in Annex
I to standard IOC/T.20/Doc. No 25.]
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["ANNEX XXI
RESULTS OF CONFORMITY CHECKS CARRIED OUT
ON OLIVE OILS REFERRED TO IN ARTICLE 8(2)
Labelling Chemical Organoleptic| Final
parameters | characteristi¢stonclusion
Samplateginyittycd e aDesiﬁtﬁi&joimﬂiﬁﬁty Parfaifetefs/ | MeiEmlit¢/ | RequSnatttion
of | of | namef | conditi ationCrt out| so, | NCf defecMedinig action
origifnspectionOrigin of | please
limjtMidjcate
N | which
one(s)"

a Internal market (mill, bottlers, retail stage), export, import.

b Each characteristic of olive oil set out in Annex I shall have a code.

c Conform/not conform.

d  Not required for olive oil and pomace-oil.]
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(1) OJNo 172,30.9.1966, p. 3025/66.

(2) OJNoL 353,17.12.1990, p. 23.

(3) OJNoL 128,24.5.1977, p. 6.

(4) OJNoL 166, 1.7.1988, p. 10.

(5) [™0JL228,1.9.2009, p. 3.]

(6) [™Directive 2011/91/EU of the European Parliament and of the Council of 13 December 2011 on
indications or marks identifying the lot to which a foodstuff belongs (OJ L 334, 16.12.2011, p. 1).]

(7)  ["After elution of the sterol esters the chromatogram trace must not show any significant peaks
(triglycerides).]

(8)  [™They may refrain from tasting an oil when they notice any extremely intense negative attribute
by direct olfactory means, in which case they shall record this exceptional circumstance in the
profile sheet.]

(9)  ["In these cases in particular, a 95/5 by volume benzene/acetone eluent mixture must be used to
obtain distinct band separation.]

(10) ["“After elution of the sterol esters, the chromatogram should not show any significant peaks

(triacylglycerols).]

Textual Amendments

F2

F3

F10

F14

F19

Substituted by Commission Implementing Regulation (EU) No 1348/2013 of 16 December 2013
amending Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on
the relevant methods of analysis.

Substituted by Commission Implementing Regulation (EU) No 299/2013 of 26 March 2013 amending
Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the
relevant methods of analysis.

Substituted by Commission Regulation (EC) No 702/2007 of 21 June 2007 amending Commission
Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the
relevant methods of analysis.

Inserted by Commission Regulation (EU) No 61/2011 of 24 January 2011 amending Regulation (EEC)
No 2568/91 on the characteristics of olive oil and olive-residue oil and on the relevant methods of
analysis.

Inserted by Commission Regulation (EC) No 796/2002 of 6 May 2002 amending Regulation (EEC)
No 2568/91 on the characteristics of olive oil and olive-pomace oil and on the relevant methods of
analysis and the additional notes in the Annex to Council Regulation (EEC) No 2658/87 on the tariff
and statistical nomenclature and on the Common Customs Tariff.
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