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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. SO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International Standard ISO 10633-1 was prepared by Technical Committee
ISO/TC 34, Agricultural food products, Subcommittee;SC2,: Oleaginous
seeds and fruits.

ISO 10633 consists of the following parts, under the general title Oilseed
residues — Determination of glucosinolates content:

—  Part 1: Method using high-performance liquid chromatography
—  Part 2: Method using X-ray fluorescence spectrometry

Annex A form an integral part of this part of ISO 10633. Annex B is for
information only.
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or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.
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4.5 Internal standard

Use either sinigrin monohydrate (potassium allylgluco-
sinolate monohydrate, M, =415,49) (see A.1)
or, for rapeseed in which sinigrin is present naturally,
glucotropaelin (potassium benzylglucosinolate,
M, = 447,52) (see A.2).

See annex A for details of the preparation and purity
check of these reagents.

4.6 Mobile phases

4.6.1 Eluant A: water filtered through a 0,45 pum
filter and purified by passing through an activated
charcoal cartridge system?), or water of equivalent

purity.

4.6.2 Eluant B: acetonitrile, HPLC grade, 20 % (V/V)
solution in water that has been purified and passed
through a 0,45 um filter. The concentration may be
modified in relation to the column used.

4.7 lon-exchange resin

4.7.1 DEAE Sepharose CL-6B2, sold as a com-
mercial ready-to-use suspension, or an equivalent
product.

4.7.2 DEAE Sephadex A252 suspension

Mix 10 g of DEAE Sephadex A25 resin (or equivalent)
in excess 2 mol/l acetic acid solution. Leave to settle;
Add 2 mol/l acetic acid until the volume of the super-
natant liquid is equal to the volume of the sediment.

4.8 Suifatase, Helix pomatia type H1 (EC 3.1.6.1)3).

Purify, test and dilute the sulfatase in accordance with
the methods described in A.3.1 to A.3.4.

5 Apparatus

Usual laboratory apparatus and, in particular, the fol-
lowing.

5.1 High-performance liquid chromatograph,
capable of gradient elution and of maintaining a col-
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umn temperature of 30°C, connected to an
ultraviolet detector capable of measurements at a
wavelength of 229 nm.

5.2 Chromatography column for HPLC, type Cig
or Cg, of particle size less than or equal to 5 um, for
exampled):

Lichrosorb RP 18 column, <5 um
(150 mm x 4,6 mm);

Spherisorb ODS2 column, < 5 um
(250 mMmm x4 mm; 250 mm x 5 mm);

Novapak Cqg column, < 4 um (150 mm x 4 mm);

Lichrospher RP8 column, < 5pum
(126 mm x 4 mm);

Nucleosil C1g column, <5 pum (200 mm x 4 mm).

The performance of the column should be checked
regularly, preferably using a reference sample of rape-
seed desulfoglucosinolated). In particular, the column
shall not degrade 4-hydroxyglucobrassicin, an impor-
tant and relatively unstable glucosinolate.

New columns shall be subjected to preliminary con-
ditioning in accordance with the manufacturer's
instructions, so ‘that'reproducible results can be ob-
tained.

5.3 Double-beam spectrometer, capable of
operating in the ultraviolet region of the spectrum, and
at a controlled temperature of 30 °C, equipped with
quartz cells of 1 cm optical path and a recording
system.

5.4 Microgrinder, for example a coffee mill.

5.5 Centrifuge, suitable for use with the tubes (5.6)
and capable of obtaining a centrifugal acceleration of
5000 g.

5.6 Polypropylene tubes, of 6 ml capacity.

5.7 Water bath, or other heating apparatus, capable
of being maintained at 75 °C £ 1 °C.

1) The Norganic Millipore system is an example of a suitable product available commercially. This information is given for the
convenience of users of this part of ISO 10633 and does not constitute an endorsement by ISO of this product.

2) DEAE Sepharose and Sephadex are examples of suitable products available commercially. This information is given for the
convenience of users of this part of ISO 10633 and does not constitute an endorsement by ISO of these products.

3) Sulfatase S-9626 (from Sigma Chemicals) with an activity of 16 600 units/g is an example of a suitable product available
commercially. This information is given for the convenience of users of this part of ISO 10633 and does not constitute an

endorsement by ISO of this product.

4) The products mentioned are examples of suitable products available commercially. This information is given for the
convenience of users of this part of ISO 10633 and does not constitute an endorsement by ISO of these products.

5) Reference samples of oilseed desulfoglucosinolate may be obtained from the Community Reference Bureau (Brussels).

5.8 Glass wool
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Oilseed residues — Determination of glucosinolates

content —
Part 1:

Method using high-performance liquid chromatography

1 Scope

This part of ISO 10633 specifies a method for the
determination of the content of the different glucosi-
nolates in crucifer oilseeds.

NOTES

1 This method does not determine glucosinolates which
are substituted on the glucose molecule, but these cdmi-
pounds are of little importance inicommercial rapeseed:

2 This method allows determination of intact glucosin-
olates. However, it does not identify and quantify the
products formed from the degradation of glucosinolates
during preparation of the meal. Therefore, the antinutri-
tional effects of these degradation products cannot be
taken into consideration.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions of

this part of ISO 10633. At the time of publication, the -

editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this
part of ISO 10633 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO
maintain registers of currently valid International
Standards.

ISO 771:1977, Oilseed residues — Determination of
moisture and volatile matter content.

ISO 3696:1987, Water for analytical laboratory use —
Specification and test methods.

ISO 5502:1992, Oilseed residues — Preparation of
test samples.

ISO 9167-1:1992, Rapeseed — Determination of glu-
cosinolates content — Part 1: Method using high-per-
formance liquid chromatography.

3 Principle

Extraction of glucosinolates in a methanol solution,
then'“purification”and’~enzymatic desulfation on ion-
exchange ‘resins. Determination using reverse-phase

high-performance liquid chromatography (HPLC) with
gradient elution and ultraviolet detection.

4 Reagents

Use only reagents of recognized analytical grade, un-
less otherwise specified, and water complying with
the specifications for grade 2 of ISO 3696.

4.1 Methanol, HPLC grade, 70 % (V/V) solution.

4.2 Sodium acetate, 0,02 mol/l solution at pH 4,0.

4.3 Sodium acetate, 0,2 mol/l solution.

4.4 Imidazole formate, 6 mol/l solution.

Dissolve 204 g of imidazole in 113 ml of formic acid in
a 500 ml one-mark volumetric flask. Dilute to the
mark with water.
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8.4.4 Place a tube (5.6) under the column to collect
the eluate.

Elute the obtained desulfoglucosinolates with two
1 ml portions of water, allowing the water to drain
after each addition.

8.45 Mix the eluate well. If not used immediately
for chromatography, store the eluate in the dark in a
freezer at — 18 °C for a week.

8.5 Blank test

If required (see 9.3), carry out a blank test using the
same procedure on a test portion taken from the
same test sample, but omitting the sinigrin internal
standard solution in order to detect and quantify any
sinigrin present in the test portion.

8.6 Chromatography
8.6.1 Adjustment of apparatus
Adjust the chromatograph (5.1) as follows:

— flowrate of the mobile phase, (4.6); depends_on
the nature of the column (se€ 8.6.2) and generally
is of the order of 1 ml/min;

— temperature of the column (5.2): 30 °C;

— detection wavelength: 229 nm.

8.6.2 Determination

Operating in accordance with the instructions for the
apparatus, inject into the chromatograph not more
than 50 ul of the desulfoglucosinolate solution ob-
tained in 8.4.4.

Use an elution gradient appropriate to the column
employed.

NOTES
5 The following elution gradients are given as examples.

a) For a Lichrosorb RP18 column, <5 pum
(150 mMmm x 4,6 mm):

— 100 % of eluant A (4.6.1) for 1 min;

— a linear elution gradient over 20 min until 0 % of
eluant A and 100 % of eluant B (4.6.2) are ob-
tained;

— a linear elution gradient over 5 min until 100 % of
eluant A and 0 % of eluant B are obtained;

— 100 % of eluant A for 5min to establish
equilibrium.
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b) For a Lichrospher RP8 column, <5 um
(125 mm x 4 mm):

— 100 % of eluant A over 2 min 30 s;

— a linear elution gradient over 18 min until 0 % of
eluant A and 100 % of eluant B are obtained;

— 100 % of eluant B for 5 min;

— a linear elution gradient over 2 min until 100 % of
eluant A and 0 % of eluant B are obtained;

— continue for 5 min to establish equilibrium.

6 The gradient profiles may be modified to give optimum
separations according to the columns used.

8.6.3 Examination of chromatograms

Take into account only those peaks having an area
greater than 1% of the total sum of the peak areas.

The order of elution of the peaks with a type Cig
column and a suitable elution gradient (see the
examples given in 8.6.2) is generally as shown in
figure 1.

9 'Expression of results

9.1/ Calculation of the content of each
glucosinolate

The content of each glucosinolate, expressed in
micromoles’ per ‘gram-of dry matter of the product, is
equal to

Ay n_ K 100

—= X — X —= X —

A, m K, 100-w
where

Ag is the peak area, in integrator units, corre-
sponding to the desulfoglucosinolate under
consideration;

As is the peak area, in integrator units, corre-
sponding to the internal standard used (desul-
fosinigrin or desulfoglucotropaeolin);

Ky is the response factor of the desulfoglucosin-
olate under consideration (9.2);

Ks is the response factor of the internal standard
used (desulfosinigrin or desulfoglucotropae-
olin);

m is the mass, in grams, of the test portion;
n is the quantity, in micromoles, of internal stan-

dard added to the tube in 8.2 (sinigrin or gluco-
tropaeolin);

w is the moisture and volatile matter content,
expressed as a percentage by mass, of the
test sample.
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5.8 Glass wool

5.9 Pasteur pipettes, 150 mm long, and a suitable
stand or any other appropriate device.

6 Sampling
It is important that the laboratory receive a sample
which is truly representative and has not been

damaged or changed during transport or storage.

Sampling is not part of the method specified in this
part of ISO 10633. A recommended sampling method

is given in ISO 55006).

7 Preparation of test samples

Reduce the laboratory sample in accordance with
ISO 5502 to obtain the required size of test sample.

Take a sample of this and determine the moisture and
volatile matter content in accordance with ISO 771.

If the result is less than 10 % (m/m), this value will be
used for the calculation (9.1). Continue immediately
with the determination of glucosinolate content
(clause 8) using the test sample without further'treat-
ment.

If the moisture and volatile matter content is found to
be in excess of 10 % (m/m), dry the test sample using
a current of air at approximately 45°C, then
redetermine the content. Continue'thisi:processiuntiloa
moisture and volatile matter content of less/7than
10 % (m/m) is obtained. This final value is used for the
calculation.  Continue  immediately  with  the
determination of glucosinolate content (clause 8)
using the dried test sample.

8 Procedure

NOTE 3 If it is required to check whether the repeatability
requirement is met, carry out two single determinations in
accordance with 8.1 to 8.4 and 8.6 under repeatability con-
ditions.

8.1 Test portion

Label two tubes (5.6) A and B and transfer to each a
test portion of 100 mg, weighed to the nearest
0,1 mg, of the prepared test sample (clause 7).

8.2 Extraction of glucosinolates

8.2.1 Place the tubes in the water bath (5.7) set at
75 °C and leave for 1 min. Add 2 ml of boiling meth-
anol solution (4.1) and then immediately add

6) 1SO 5500:1986, Oilseed residues — Sampling.
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— to tube A, 200 ul of 5 mmol/l internal standard
solution (A.1.1); and

— to tube B, 200 pl of 20 mmol/l internal standard
solution (A.1.2).
NOTE 4 See 4.

4
standard solution.

8.2.2 Continue heating at 75 °C for a further 10 min,
shaking the tubes at regular intervals. Mix the
contents of each tube and then centrifuge at 5 000 g
for 3 min. Transfer the supernatant liquid from each

ibes (5.6) labelled A’ and B’
tube to two other tubes a B

8.2.3 Add, to each of the two tubes A and B
containing the solid residue, 2 ml of boiling methanol
(4.1} and reheat in the water bath (5.7) set at 75 °C

for 10 min, shaking the tubes at regular intervals.

Centrifuge for 3 min and then add the supernatant
liquid from the tubes A and B, respectively, to the
tubes A’ and B’, respectively, containing the super-
natant liquids retained in 8.2.2.

8.2.4 Adjust the volume of the combined extracts in
the tubes A’ and B’ to approximately 5 ml with water
and mix.

These'extracts, "if ‘stored in the dark in a freezer at
—18°C, may.bekept for 2 weeks.

8.3 ,Preparation of ion-exchange columns

Cut the required number of Pasteur pipettes (5.9), i.e.
two pipettes’ per sample, so as to leave a volume of
1,2 ml above the neck and place a glass wool plug
(5.8) in the neck of each pipette. Place the pipettes
vertically on a stand.

Transfer 0,5 ml of a well-mixed suspension of ion-
exchange resin (4.7.2) to each pipette and allow to
settle and drain.

Rinse the pipettes with 2 ml of the imidazole formate
(4.4) and then twice with 1 ml portions of water.

8.4 Purification and desulfation

8.4.1 Carry out the following operations for each
combined extract.

8.4.2 Transfer 1 ml of the extract (8.2.4) to a pre-
pared column (8.3) without disturbing the resin sur-
face and allow to drain. Add two 1 ml portions of the
sodium acetate buffer (4.2), allowing the buffer to
drain after each addition.

8.4.3 Add to the column 75 ul of diluted, purified
sulfatase solution (4.8). Leave to act overnight at
ambient temperature.
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If it is desired to express the result relative to a
specified moisture and volatile matter content ws
le.g. ws =9 % (m/m)], multiply the result obtained for
dry matter (as above) by

100-wyq
100
9.2 Response factors
The following response factors shall be used.
NOTE 7 These response factors have been determined
experimentally and have been fixed by consensus between

the various laboratories who took part in the tests; they
may need to be supplemented or revised in due course.

1 Desulfoglucoiberin 1,07
2 Desulfoprogoitrin 1,09
3 Desulfoepi-progoitrin 1,09
4 Desulfosinigrin 1,00
5 Desulfoglucoraphanin 1,07
6 Desulfogluconapoleiferin 1,00
7 Desulfoglucoalyssin 1,07
8 Desulfogluconapin 1,11
9 Desulfo-4-hydroxyglucobrassicin 0,28
10 Desulfoglucobrassicanapin 1,15
11 Desulfoglucotropaeolin 0,95
12 Desulfoglucobrassicin 0,29
13 Desulfogluconasturtiin 0,95
14 Desulfo-4-methoxyglucobrassicin =~ 0,25
15 Desulfoneoglucobrassicin 0,20
16 Other desulfoglucosinolates 1,00

9.3 Calculation on the total glucosinolate
content

The total glucosinolate content, expressed in micro-
moles per gram of dry matter of the product, is equal
to the sum of the contents of each glucosinolate (the
corresponding peak area of which is greater than 1%
of the sum total of the peak areas).

If the difference between the total glucosinolate con-
tent results using both concentrations satisfies the
requirements for repeatability (see 10.1), there is no
contamination of the internal standard. In this case,
take as the result the arithmetic mean of the two
determinations.

If the requirements for repeatability are not satisfied,
repeat the procedure on two other test portions and
perform a blank test (8.5) omitting the internal
standard solution. The contaminant area is subtracted

ISO 10633-1:1995(E)

from the internal standard area to give the true area of
the internal standard used in 9.1. Take as the result
the arithmetic mean of the results of the two
determinations.

Glucotropaeolin (A.2) may be used as the internal
standard solution in 8.2.1.

10 Precision

Details of the interlaboratory test to determine the
precision of the method are summarized in annex B.

10.1 Repeatability

The absolute difference between two independent
single test results, obtained using the same method
on identical test material in the same laboratory by the
same operator using the same equipment within a
short interval of time, should not be greater than
10 % of the arithmetic mean of the two results with a
minimum value of 1 pmol/g.

10.2 Reproducibility

The absolute difference between two single test
results, obtained using the same method on identical
test material in different laboratories with different
operators using different equipment, should not be
greater than 20 %, of the arithmetic mean of the two
results with a minimum value of 2 umol/g.

11 Test report

The test report shall specify

— the method in accordance with which sampling
was carried out,

— the method used,
— the test result(s) obtained, and

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

It shall also mention all operating details not specified
in this part of 1ISO 10633, or regarded as optional,
together with details of any incidents which may have
influenced the test result(s).

The test report shall include all information necessary
for the complete idenfication of the sample.
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Desulfoglucoiberin
Desulfoprogoitrin
Desulfoepi-progoitrin
Desulfosinigrin
Desulfoglucoraphanin
Desulifogluconapoleiferin
Desulfoglucoalyssin
Desulfogluconapin
Desulfo-4-hydroxyglucobrassicin
Desulfoglucobrassicanapin
Desulfoglucotropaeolin
Desulfoglucobrassicin
Desulfogluconasturtiin
Desulfo-4-methoxyglucobrassicin
Desulfoneoglucobrassicin

16 15

16 —
20 —

Figure 1 — Example of a typical chromatogram
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Annex A
(normative)

Preparation of reagents

A.1 Sinigrin monohydrate

A.1.1 Sinigrin monohydrate, 5 mmol/l solution

Dissolve 207,7 mg of potassium allylglucosinolate
monohydrate in water in a 100 ml one-mark volu-
metric flask and dilute to the mark with water.

The solution thus prepared may be stored in a
refrigerator at approximately 4 °C for up to a week or
in a freezer at — 18 °C for a period of 6 months.

A.1.2 Sinigrin monohydrate, 20 mmol/| solution

Dissolve 831,0 mg of potassium allylglucosinolate
monohydrate in water in a 100 ml one-mark volu-
metric flask and dilute to the mark with water.

The solution thus prepared may be stored in a
refrigerator at approximately 4,°C for up, to.a, week or
in a freezer at — 18 °C for a period:ofi6 months.

A.1.3 Purity check
Use one or more of the following three tests:;

— HPLC analysis using the method specified in
ISO 9167-1;

— analysis of the intact sinigrin by HPLC (ion-pair
technique);

— analysis of the desulfated and silylated sinigrin by
gas chromatography.

For each test, the chromatogram shall show only one
major peak representing at least 98 % of the total
peak area.

Confirm the purity by determining the quantity of
glucose released after hydrolysis with myrosinase
(thioglucoside glucohydrolase; EC 3.2.3.1). Measure
the glucose by enzymatic means using a commer-
cially available test kit. Take into account any free glu-
cose present. This is determined in the same way but
without addition of myrosinase. The molar concen-
tration of released glucose should be at least 98 % of
the molar concentration of the sinigrin solution tested.

A.2 Glucotropaeolin

NOTE 8 Glucotropaeolin is sometimes difficult to separate
from other natural minor glucosinolates.

A.2.1 Glucotropaeolin, 5 mmol/l solution

Dissolve 223,8 mg of glucotropaeolin in water in a
100 ml one-mark volumetric flask and dilute to the
mark with water.

The solution thus prepared may be stored in a
refrigerator at approximately 4 °C for up to a week or
in a freezer at — 18 °C for a period of 6 months.

A.2.2 Glucotropaeolin, 20 mmol/l solution

Dissolve 895,0 mg of glucotropaeolin in water in a
100 ml one-mark volumetric flask and dilute to the
mark with water.

The solution thus prepared may be stored in a
refrigerator at approximately 4 °C for up to a week or
in a freezer at — 18 °C for a period of 6 months.

A.2.3/“Purity check

Check the purity in accordance with the procedure
described in A.1.3.

A.2.4 - Response factors

Verify that the response factors of glucotropaeolin, in
comparison with sinigrin, correspond to those indi-
cated in 9.2.

A.3 Sulfatase
A.3.1 Preparation of ion-exchange columns

Cut five Pasteur pipettes (5.9) 7 cm above the neck
and place a glass wool plug (5.8) in the neck. Place
the pipettes vertically on a stand and add to each a
sufficient quantity of ion-exchange resin (4.7.1) such
that, once the water has drained off, a volume of
500 wl of resin is obtained.

Pour 1 ml of the imidazole formate solution (4.4) into
each pipette and rinse twice with 1 ml portions of
water.

A.3.2 Purification

Weigh, to the nearest 0,1 mg, 25 mg of Helix pomatia
type H1 sulfatase (4.8). Dissolve it in 2,5 ml of water
and transfer 500 wl of this solution to each of the
columns prepared in A.3.1. Wash each column with
1,5 ml of water and discard the effluent. Then add
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