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Foreword

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

The proced d e ) e are
described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

Hrawn to the possibility that some of the elements of this document may)be the subject of
4. ISO shall not be held responsible for identifying any or all such patent rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termp and
expressions [related to conformity assessment, as well as information about ISO's adherence fo the
World Trade|Organization (WTO) principles in the Technical Bafriers to Trade (TBT), see www.is¢.org/
iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 54, Essential oils.

This second pdition cancels and replaces the firstedition (ISO 7358:2002), which has been techrfically
revised.

The main change to the previous edition is as follows:
— the addifion of an alternative method using a reversed phase column.

Any feedback or questions on thisdocument should be directed to the user’s national standards bpdy. A
complete listling of these bodies€an be found at www.iso.org/members.html.
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Essential oils of bergamot, lemon, bitter orange and lime,
fully or partially reduced in bergapten — Determination
of bergapten content by high-performance liquid
chromatography (HPLC)

1
This

Scope

locument specifies a high-performance liquid chromatographic (HPLC) methdd, ‘s

internal standard or external standard, for the determination of the bergapten -content

oil of
oil of

bergamot [Citrus aurantium ssp. bergamia (Risso et Poit.) Wight et Arn~ex Engl.]
lemon [Citrus limon (L.) Burm. f], in essential oil of bitter orange (Citrus-bigaradia

essential oil of lime [Citrus aurantiifolia (Christm.) Swingle and Citrus latifolia Tanaka], all

or pa

2 N

The f
const
undat

ISO 3
ISO 8

3 T
No te

ISO a1

q

]

]

4 P

Theb
HPLC

rtially reduced in bergapten.

ormative references

bllowing documents are referred to in the text in su¢h a way that some or all of
tutes requirements of this document. For dated réferences, only the edition cited
ed references, the latest edition of the referenced. document (including any amendmg

b6, Essential oils — Preparation of test samples

132, Essential oils — Analysis by high performance liquid chromatography — General m

erms and definitions
'ms and definitions are listed\in'this document.

1d IEC maintain termingldgical databases for use in standardization at the following

$0 Online browsing-platform: available at https://www.iso.org/obp

C Electropedianavailable at http://www.electropedia.org/

rinciple

ergapten contents of test samples to be measured are determined after dilution by re

ing either an
in essential
in essential
Risso) and in
of them fully

their content
applies. For
ents) applies.

ethod

addresses:

versed phase

or’by normal phase HPLC with gradient elution, using an internal standardization method or an

external standardization method and diode-array UV spectrometric detection.

5 Reagents

Use only the following reagents of recognized analytical grade.

5.1 Reference substance: bergapten (5-Methoxypsoralen), C;,HgO,4, MW = 216,19 g/mol of known
purity =95 %.

5.2

Internal standard: coumarin (1-Benzopyran-2-one), CqH,0,, MW = 146,14 g/mol of known
purity = 98 %.

© IS0 2021 - All rights reserved
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5.3 Solvents.

5.3.1 Solvents for normal phase HPLC.

5.3.1.1 Chloroform, of analytical purity, containing less than 2 % (volume fraction) of ethanol, for use
in preparing the sample of essential oil containing the bergapten and internal standard as well as the
mobile phase.

5.3.1.2 Hexane, HPLC grade, for use in the mobile phase (5.3.1.4).

5.3.1.3

5.3.1.4 Mobile phase. Use solvents of a quality compatible with the detection system‘dnd pr
sufficient qu

5.3.1.4.

5.3.1.4.

5.3.2

phase prepa

5.3.2.1

5.3.2.2

5.3.2.3

5.3.2.4

80:20 by volyime.

6 Appard

Use the usua

6.1 Comn

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

6.1.6

Eth

1 H

2 H

Solvg

HP

HL

HL

Dil

Volu

| laboratory apparatus and, in particular, the following.

yl acetate, HPLC grade, for use in the mobile phase (5.3.1.4).

intities for the complete analysis. Mix, for example, one of the following:
exane (5.3.1.2) and ethyl acetate (5.3.1.3), mixed in proportions of 80;20 by volume
exane (5.3.1.2) and chloroform (5.3.1.1), mixed in proportions-0f 85:15 by volume.

tnts for reversed phase HPLC. The solvent used for the-maebile phase is a ternary n
ed with these three solvents as described in Table 1 (see 8:2.2.3).

.C grade distilled water, to be used in the mobile-phase (5.3.1.4).
PC grade acetonitrile, to be used in the mobile phase (5.3.1.4).
PC grade methanol, to be used in the mobile phase (5.3.1.4).

ition solvent, mixture of methanol (5.3.2.3) and acetonitrile (5.3.2.2) in proporti

jtus

jon laboratory equipment

metricflasks: 100 ml, 50 ml, 10 ml.

epare

hobile

ns of

Single-use syringes.

PTEFE filter: 0,45 um.

Vials for HPLC injection.

Precision balance.

© ISO 2021 - All rights reserved
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6.2 HPLC system
6.2.1 Liquid chromatograph.

6.2.2 Column for HPLC in normal phase, made of stainless steel, of length between 150 mm and
250 mm, having an internal diameter between 4 mm and 5 mm and packed with a stationary phase
consisting of granulated silica of HPLC quality, with a grain size of approximately 5 um.

6.2.3 Column for HPLC in reversed phase, made of stainless steel, of length 150 mm (or 250 mm),
having an internal diameter 4,6 mm and packed with a stationary phase C18 type with a grain size of
apprqximratety-3;5pmrtor-5 ), forexampte Zorbax Ectipse PlusB-€r183;5 (4,6 = 1509 mm agilent.

6.2.4| A ternary pump system enabling programmed solvent gradients.
6.2.5| Solvent degassing system (optional), for example ultrasonic tank.

6.2.6| Detection system, adjustable to wavelengths of 254 nm or 312 nm;diode-array UV spectrometric
detecfion system.

6.2.7| Recorder and (optional) integrator, suitable for this HPLC system.

7 Sample preparation
Prepdre the test sample as specified in ISO 356.

Disso|ve any solid deposit by moderate heating.

8 Procedure

8.1 |Operating conditions

Adjust the flow rate of the(mobile phase (5.3.1.4) so as to obtain good separation ¢f the peaks
corregponding to bergaptényand coumarin from other essential oil components detectaljle by the UV
detector (6.2.6). The flowpate is typically between 1 ml/min and 1,5 ml/min.

Folloy the procedufe specified in ISO 8432.
8.2 [Determdination

8.2.1| (HPLC in normal phase

8.2.1.1 Internal standard method
8.2.1.1.1 Optimization of HPLC chromatographic conditions in normal phase

8.2.1.1.1.1 Separation

Verify that the bergapten is well separated from the other constituents of the essential oil in the
chromatograms obtained. Next, verify that the internal standard, coumarin (5.2), does not mask or
coincide with any constituent of the essential oil. Determine the retention times of the bergapten and
coumarin.

1) Zorbax Eclipse Plus is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

© IS0 2021 - All rights reserved 3
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8.2.1.1.1.2 Quantity of internal standard

The amount of coumarin (internal standard) added to the sample is considered suitable when the
peak areas for the bergapten (in the essential oil) and the coumarin are approximately equal in the
chromatograms. To determine this amount, inject a solution (e.g. 10 ul) containing a given amount (e.g.
10 mg) of coumarin (5.2) dissolved in chloroform (5.3.1.1, e.g. 10 ml) into the HPLC. Then inject the
same volume of a solution of the essential oil analyte diluted in chloroform (5.3.1.1). Adjust the mass

concentrations of both of these solutions so as to obtain comparable peak areas.

8.2.1.1.2 Response factor K

Prepare a cafi

nearest 0,1
0,1 mg, abo
chloroform (|

Inject a suit
sensitivity rg

Measure the
given in Ann

g, about 20 mg of coumarin (5.2). In the same volumetric flask, weigh, to the h¢
it 10 mg of bergapten (5.1) and dissolve both compounds in approximately )20
b.3.1.1).

ible amount (see 8.2.1.1) of the calibration solution so as to remain within the de
nge.

peak areas of the chromatogram. A typical chromatogram of the\réference substan
bx A, Figure A.1, and the absorbance spectrum of bergapten is given in Annex B, Figuu

to the
rarest
ml of

fector

ces is
e B.1.

Calculate thd

mp -4

myg - Alg

where
my isth
myg isth

Ap isth

(51}

Aig isth

(5.2).

NOTE In

response factor K using Formula (1):

IS

b mass, expressed in milligrams, of.coumarin (internal standard) (5.2) added to the sol

e peak area, expressed in integrator units, corresponding to bergapten (reference subst

)

e peak area, expressed in/integrator units, corresponding to coumarin (internal stan|

SO 8432 this forniula is equivalent to the following:

€y

b mass, expressed in milligrams, of bergapten (reference substance) (5.1) added to the solution;

ution;

ance)

dard)

(5.1);

(5.2).

8.2.1.1.3 Determination of bergapten

is the mass, expressed in milligrams, of bergapten (reference substance) (5.1) added to the solution;
is the mass, expressed in milligrams, of coumarin (internal standard) (5.2) added to the solution;

is the peak area, expressed in integrator units, corresponding to bergapten (reference substance)

is the peak area, expressed in integrator units, corresponding to coumarin (internal standard)

In a volumetric flask (6.1.1) of suitable volume (e.g. 15 ml) prepare the test solution. Weigh, to the nearest
0,1 mg, a suitable amount of coumarin (ms) (approximately 10 mg), as determined in 8.2.2.1, and a

4
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portion of the essential oil (m) so as to obtain a chromatogram with equal peak areas for bergapten
and coumarin.

Add chloroform (5.3.1.1, approximately 8 ml) and shake carefully to dissolve the coumarin.

It can be necessary to prepare several dilutions of the test solution to obtain a chromatogram with
comparable peak areas for bergapten and coumarin because the bergapten content in the essential oils
is unknown (fully or partially reduced in bergapten). Choose the volume of the volumetric flask, the
quantities of coumarin and the volume of chloroform so as to meet this requirement.

Using the same HPLC operating conditions established in 8.2.1.1.1, inject a suitable amount of the test
solution so as to remain within the detector sensitivity range.

Meas

Meas
(As)-

8.2.1
Follov
8.2.2

8.2.2

8.2.2

For €
soluti

8.2.2

As ac
the d
soluti

As ac

ire the peak areas of the chromatogram.

hre and record the peak areas of the chromatogram corresponding to bergapten{4,) 4

2 External standard method

v the procedure for the external standard method as specified inISO 8432.
HPLC in reversed phase
1 Preparation of the reference solutions for calibration

1.1 General

ach calibration, use the stock solutions.gf bergapten and coumarin to prepare f{
on. Store the standard solution in a coel(place at 4 °C.

1.2 Stock solutions
Curately as possible weigh 50. mg of bergapten into a 100 ml flask and make up to

on. This stock solution ¢ontains almost exactly 500 mg/1 of bergapten.

the e

solution. This solutiop contains almost exactly 1 000 mg/1 of coumarin.

8.2.2/1.3 WorKking solutions

Usin

concentfation: 1 mg/l, 2,5 mg/], 5 mg/], 10 mg/l, 25 mg/l, 50 mg/1, 100 mg/1 and 200 mg/|.

curately as possiblesweigh 50 mg of coumarin into a 50 ml flask and make up to
tion solvent. Homogenize the solution then leave it for 3 min in the ultrasonic batk

thie_‘stock solutions, prepare a standard range of eight calibration points fa

nd coumarin

he standard

volume with
lution solvent. Homogenizeythe solution then leave it for 3 min in the ultrasonic bath to get stock

volume with

to get stock

r bergapten

— 1 mg/l standard solution: into a 50 ml flask, transfer 100 pl of bergapten stock solution and 5 ml of
coumarin stock solution then make up to volume with the dilution solvent.

— 2,5 mg/l standard solution: into a 50 ml flask, transfer 250 pl of bergapten stock solution and 5 ml
of coumarin stock solution then make up to volume with the dilution solvent.

— 5 mg/l standard solution: into a 50 ml flask, transfer 500 pl of bergapten stock solution and 5 ml of
coumarin stock solution then make up to volume with the dilution solvent.

— 10 mg/l standard solution: into a 50 ml flask, transfer 1 ml of bergapten stock solution and 5 ml of
coumarin stock solution then make up to volume with the dilution solvent.

— 25 mg/lstandard solution: into a 50 ml flask, transfer 2,5 ml of bergapten stock solution and 5 ml of
coumarin stock solution then make up to volume with the dilution solvent.

© IS0 2021 - All rights reserved
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— 50 mg/l standard solution: into a 50 ml flask, transfer 5 ml of bergapten stock solution and 5 ml of
coumarin stock solution then make up to volume with the dilution solvent.

— 100 mg/1 standard solution: into a 50 ml flask, transfer 10 ml of bergapten stock solution and 5 ml
of coumarin stock solution then make up to volume with the dilution solvent.

— 200 mg/] standard solution: into a 50 ml flask, transfer 20 ml of bergapten stock solution and 5 ml
of coumarin stock solution then make up to volume with the dilution solvent.

Homogenize each prepared standard solution by stirring then pass through a 0,45 pm PTFE filter into a
vial before injection in the HPLC.

8.2.2.2 Preparation of citrus essential oils samples

To determing the content of citrus essential oils with the standard range created previously (8.2.2.1.
it is necessar|y to dilute the samples before injection in the HPLC.

Into a 10 ml fllask, accurately weigh 0,3 g of essential oil of bergamot and 1 ml of courmarin stock so

(8.2.2.1.2).

For the ess

accurately a
Homogenize
injection in t
8.2.2.3 De
oils of berga
The HPLC ex
— Injectior
— Oven tern
— Eluentf]
— UV deteqd

Elution solve

ake up to volume with the dilution solvent (5.3.2.4).

tial oils with low bergapten content, adapt the test portioniFor example, in a
flask, weigh |[accurately about 4 g of bergamot essential oil partially reduced in bergapten and
out 1 ml of coumarin stock solution. Fill to volume with dilution solvent (5.3.2.4).

he HPLC.

mot

perimental conditions are:
volume: 10 pl.

hperature: 25 °C.

pw rate: 1 ml/min.

nt is described.in”Table 1.

each prepared sample by stirring then pass through a 0,45 pm PTFE filter into a vial &

tion conditions: dipde-array UV detection system, wavelength = 312 nm.

Table T=— Mobile phase: the elution solvent is a ternary mixture

10-ml
veigh

efore

termination by HPLC and internal standardization of bergapten content in essential

Time Water Methanol Acetonitrile
min % % %
0 A5 30 8
25 32 63 5
35 0 63 37
37 65 30
40 65 30

© ISO 2021 - All rights reserved
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9 Calculation — Normal phase or reversed phase HPLC

9.1 Internal standard method

Using the response factor K determined in 8.2.1.1.2, calculate the mass fraction, expressed as a
percentage, of bergapten, w,, in the essential oil using Formula (2):

X
mg - Ag

myg-A,
w, = K| 8% | % 100 % )

K| isthe response factor calculated as in Formula (1) (see 8.2.1.1.2);

Mg is the mass, expressed in milligrams, of the coumarin added as the interiidh sStandard in the test
sample (see 8.2.1.1.3);

s isthe mass, expressed in milligrams, of the essential oil in the test sample (see 8.2.1.1.3);

Al is the peak area, expressed in integrator units, corresponding to bergapten in the test sample
(see 8.2.1.1.3);

Al is the peak area, expressed in integrator units, corresponding to the coumarin (seg 8.2.1.1.3).

NOTE In ISO 8432:1987, 10.1, the mass fraction, expressedas a percentage, of bergapten, c,, if the essential
oil is gquivalent to Formula (2) as follows:

Am.K
ol = XMEeR 1009

AE mx

wher¢

o
=

is the peak area, expressed in-integrator units, corresponding to bergapten in the¢ test sample
(see 8.2.1.1.3);

Al is the peak area, expfesSed in integrator units, corresponding to the coumarin (sep 8.2.1.1.3);

m, is the mass, expfessed in milligrams, of the essential oil in the test sample (see 8.2.1.1.3);

3

g is the massfexpressed in milligrams, of the coumarin added as the internal standard in the test
sample (see8.2.1.1.3);

=

is thexrésponse factor calculated as in Formula (1) (see 8.2.1.1.2).

9.2 |External standard method

Calculate the bergapten content in accordance with ISO 8432.

10 Precision — Repeatability
For K and for the expression of results (%), take the mean value of several tests (at least three) carried

out on the same sample. The different values (K or %) used to calculate this mean shall not differ by
more than £ 5 %.

© IS0 2021 - All rights reserved 7
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11 Testreport

The test report shall include the following information:

a) the details of the HPLC system;

b) areference to this document,i.e. ISO 7358:2021;

c) the characteristics of the column (material, dimensions, packing, stationary phase);
d) the characteristics of the detector (optional) and the operating conditions;

e the Char-.ni-nm'.—q—:nn oftbha achila wbhaca (£l sz ot o d ot ).
pEtertStes ottt movhe piaseHowateahtahatdtrey

f) identifichtion of the test sample (quantity injected and final dilution);
g) theresults obtained;

h) the date(of the test.

8 © IS0 2021 - All rights reserved
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