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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
ical standardization.
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Introduction

The glucosinolates in rapeseed can be analysed by chromatographic, enzymatic or spectroscopic
methods. This document describes a chromatographic method with two conditions (gradient and
isocratic) of elution for qualitative and quantitative analysis of individual glucosinolates in rapeseed
and rapeseed meals. The method with gradient elution is considered as the reference method whereas
the method with isocratic elution is considered as a simplified method and is presented in Annex E as
information.

This document specifies a method using high-performance liquid chromatography (HPLC) with
gradient elution as reference method. For the isocratic mode, the choice of the internal standard, the
chromatographic conditions and the separation results are different from the referencemlethod. These
aspedts are discussed in Annex E.
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Rapeseed and rapeseed meals — Determination of
glucosinolates content — Method using high-performance
liquid chromatography

1 S

cope

This

rapesgeds and rapeseed meals using high-performance liquid chromatography with gradi

This

junce
previ
conce

k A presents the results of the interlaboratory trialsfow/the gradient elution H

how to prepare and test the purified sulfatase solution afid’how to check the desulphatio
change column. Annex D presents the HPLC and_celumn performance criteria qualification.

ion ex
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ISO 6
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ISO 3

ocument specifies a method for the determination of the individual glucosinolats

ethod was tested on rapeseeds and rapeseed meals (Brassica rapa, Brassica .Hapus
) but is applicable to other plant materials, on the condition that the ocourring g

rned glucosinolate(s) is not carried out.
This method does not determine glucosinolates that are substituted on the glucose

tompounds are of little importance in commercial rapeseed and rapéeseed meal.

k B presents how to check the titre of the prepared internal standard solution. Anng

nalysis of glucosinolates content in rapeseed:ican also be done using an isocratic g
equires some modifications of the method\finternal, standard, HPLC column and H
cribed in Annex E.

ormative references

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

b4, Oilseeds — Reduction of laboratory sample to test sample
b5, Oilseeds —'Determination of moisture and volatile matter content
/1, Oilseed-residues — Determination of moisture and volatile matter content

h96, Water for analytical laboratory use — Specification and test methods

bS content in
bnt elution.

and Brassica
ucosinolates

busly identified are described in this document. On the contrary, the quantitative apalysis of the

molecule, but

PLC method.
rx C presents
h step on the

lution mode.
PLC buffers),

their content
applies. For
ents) applies.

ISO 5

b02, Oilseed residues — Preparation of test samples

3 Terms and definitions

No terms and definitions are listed in this document.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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4 Principle

Extraction of glucosinolates by a water-ethanol mixture, then purification and enzymatic desulfatation
on ion-exchange columns. Determination using reverse phase liquid chromatography with gradient

elution (reference method) or isocratic elution (rapid method) and detection by ultra
absorptiometry.

5 Reagents

violet

Use only reagents of recognized analytical grade, unless otherwise specified, and water conforming to

grade 2 of [SQ 3696

5.1 Ethang¢l, volume fraction = 50 %.

5.2 Sodium acetate, c = 0,02 mol/l at pH 4,0, prepared by mixing sodium acetate, ¢ 0,02 mol
acetic acid, c|= 0,02 mol/I as to obtain a solution having a pH = 4,0.

5.3 Sulfatase, Helix pomatia, type H1 purified and diluted as described in Anhex C.

5.4 Imidazole formiate, c = 6 mol/l.

Dissolve 204|g of imidazole in 113 ml of formic acid in a 500 ml beaKer. Transfer the mixture in a 5
cylinder and|make up to 500 ml with water.

5.5 Internpl standard.

Use either sipigrin (potassium allyglucosinolate monohydrate, M = 415,5 g/mol) (5.6) or glucotrop
(potassium penzylglucosinolate, M = 4475 g/mol)or tetramethylammonium benzylglucosin
M = 482,6 g/mol) (5.7). The glucotropaeolin may-be used in a hydrated form, then the molar mas;
the purity shlall be known and taken into consideration for the preparation of the solution.

The choice of the internal standard will be conditioned by its perfect chromatographic separation
the other glucosinolates of the sample,The natural absence in the sample of the internal standarc
glucosinolatgs unseparated from thelatter may be checked with a blank test (see 9.3).

With gradienjt elution on octyl erectadecyl stationary phases, sinigrin or glucotropaeolin can be

] and

00 ml

heolin
olate,
s and

from
| or of

used.

However, glucotropaeolin is sométimes difficult to separate from other natural minor glucosinolages.

With isocratfic elution on/eyano propyl stationary phase (see Annex E), sinigrin cannot be us{
rapeseed analysis becauSe of the non-separation from the other glucosinolates. Glucotropaeolin
be used inst¢ad.

In the most|fréquent cases (i.e. when rapeseeds have an assumed glucosinolates content bef

bd for
shall

ween

10 pmol/g and-50 pmol/g inclusive) the internal standard is used in solution form at 20 mmol,

l. For

rapeseeds where the assumed glucosinolates content is less than 10 pmol/g or greater than 50 pmol/g,

the concentrations of the internal standard solutions used per sample are given in Table 1.

Check the titre of the prepared internal standard solution as described in Annex B.

2 © IS0 2019 - All rights reserved
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Table 1 — Concentration of the internal standard solution to use according to the assumed
glucosinolates content of the sample

Glucosinolates content of the sample Concentrations of the internal standard solutions
umol/g mmol/]
<10 5
> 10 and <50 20
> 50 40

5.6 Sinigrin solution.

The sfinigrin solution with the required concentration (see Table 1) is prepared according to Table 2.

Weiglt the sinigrin to the nearest 0,5 mg and dissolve it in water in a 100 ml volumetric fl

hsk. Make up

to thg mark with water. The solution thus prepared may be stored in a refrigerator’ at approximately
4 °C up to aweek or in a freezer at -18 °C for a longer period.

Thble 2 — Weight of sinigrin in 100 ml water for preparation of 5'mmol/l, 20 mmol/1 and
4.0 mmol/I1 solutions

Molecular weight Sinigrin weight
Sinigrin form g
g/mol
5 mmely1 20 mmol/1 40 mmol/1
P¢tassium monohydrate 415,5 0,207 7 0,8310 1,662 0

5.7 |Glucotropaeolin solution.

The glucotropaeolin solution with the required‘concentration (see Table 1) is prepared
Table|3. Weigh the glucotropaeolin to the nearest 0,5 mg and dissolve it in water in a 100 n
flask.[Make up to the mark with water. The solution thus prepared may be stored in a re

apprdximately 4 °C up to a week or ina freezer at -18 °C for a longer period.

Tahle 3 — Weight of glucotropaeolin in 100 ml water for preparation of 5 mmol/l,
and 40 mmol/l solutions

according to
hl volumetric
frigerator at

20 mmol/1

. Glucotropaeolin weight
Molecular weight
{lucotropaeolin form g
g/mol
5 mmol/1 20 mmol/1 0 mmol/1
Potagssium 447,5 0,2237 0,8950 1,790 1
T¢tramethyplammonium 482,6 0,241 3 0,965 2 1,930 3

5.8 |Eluent A: water, purified by passing it through an activated charcoal cartridge

or water of

equivalent purity.

NOTE The use of insufficiently purified water can lead to ghost peaks during the analysis due to impurities
eluted when the proportion of acetonitrile in the eluent increases.

5.9 Eluent B: acetonitrile, HPLC gradient grade, solution in purified water, volumic fraction = 20 %.
The concentration may be modified in relation to the column used.

5.10 Rinsing solvent: acetonitrile, HPLC grade, solution in water, volumic fraction = 70 %.

© IS0 2019 - All rights reserved
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change resin: DEAE Sephadex A251) suspension, prepared as follows.

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

6 Apparatus

Usual laboratory apparatus and, in particular, the following.

6.1 HPLC apparatus with gradient or isocratic elution, column temperature adjustment at 30 °C and

detection by

An efficient
is above 25 °

6.2 HPLCq

HPLC colum
packing, of p

The perform
rapeseed. In
but relativel
using the H
accordance

6.3 pH-mg¢
6.4 Microg
6.5 Centri
of 5000g.

6.6 Polypriopylene tubes, of 6 ml Capacity.

6.7 Water

6.8 Pasteu
appropriate

fuge, suitable for use with the tlibes (6.6), capable of obtaining a centrifugal accele

olumn temperature regulation at 30 °C can be impossible when the ambient temper
. An oven with a cooling-heating device is recommended in this case.

olumns for gradient elution.

h containing an octyl (C8) or octadecyl (C18) stationary phasesfixed to silica cq
article size less than or equal to 5 pm.

particular, the column shall not degrade desulfo-4-hydroxyglucobrassicin, an impq
F unstable desulfoglucosinolate. Figure 1 shows an example of glucosinolates separ

yith the manufacturer’s instructions so that reproducible results can be obtained.
ter.

frinder, for example, a coffee mill.

bath or other heating apparatus, capable of maintaining a temperature of 75 °C * 3

r pipettes fitted with glass wood, 150 mm long, and a suitable stand, or any
A pparatus:

Utraviglet nhcnrpfinmnfry at mmvn]nngfh of 229 nmand, ifpnccih]n’ at mmva]nngfh of 275 nm.

ature

lumn

ance of the column should be checked regularly, preferably using a reference sample of

rtant
itions

PLC gradient mode. New columns shall be subjected to preliminary conditioning in

fation

’C.

other

1) DEAE Sephadex A25 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.

4
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11
12
1 15 16
JL\_A - NG
| | |
12 16 20 min
Key
1  dpsulfoglucoiberin 9  desulfogluconapin
2 dpsulfoprogoitrift 10 desulfo-4-hydroxyglucobrassicin
3  dpsulfoepiprogoitrin 11 desulfoglucobrassicanapin
4 dpsulfosihigrin 12 desulfoglucotropaeolin
5 dpsulfoglucoraphanin 13 desulfoglucobrassicin
6  desulfoghucomapoteiferin tH—desutfogtuconasturtiin
7  desulfoglucoalyssin 15 desulfo-4-methoxyglucobrassicin
8 desulfosinalbin 16 desulfoneoglucobrassicin

Figure 1 — Example of a typical chromatogram of rape seeds with gradient elution

7 Sampling

It is important that the laboratory receive a sample that is truly representative and that has not been
damaged or changed during transport or storage.

© IS0 2019 - All rights reserved
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Sampling is not part of the method specified in this document. A recommended sampling method is
given in ISO 212944 for oilseeds and ISO 550011 for oilseed meals.

If large non-oleaginous foreign bodies have been separated before the reduction of the laboratory
sample, allowance shall be made for this in the calculation.

8 Preparation of the test sample

Reduce the laboratory sample in accordance with ISO 664 for oilseeds and ISO 5502 for oilseed meals.

If the seeds have a moisture and volatile matter content in excess of w = 10 %, dry them beforehand

using a currd

The impuriti
analyse the i
are impuritig

If the seeds
ambient tem

Reduce the s

Determine tl
oilseeds and

Grind the seq
Weigh the p
matter contg

9 Proced

9.1 Test portion

Label two tu
to the neare
sample and y

9.2 Extraq

Place the tub
3 ml of boili
internal sta
content of th

The tempera
rapid denatu

NOTE No

ntorairat4s-Cx5"C.

s level is generally 2 % (mass fraction). If sinigrin is found in the sample (with(the b
mpurities separately, as the sinigrin may stem from seeds of adventitious cruciférae,
s in rapeseed.

have been treated, wash them with dichloromethane and dry them-in a current of
perature.

hmple to two sub-samples of 20 g each.

ne moisture and volatile matter content of a sub-sample;in) accordance with ISO 6¢
[SO 771 for oilseed meals or an adequate procedure.

ds of other sub-sample in the microgrinder (6.4) for 20 s. Mix, then grind for a furth
‘epared sample (see 9.1) immediately to avoid,Miodification of the moisture and v
nt.

ure

bes (6.6) as A and B and transfer 200 mg for oilseeds and 100 mg for oilseed meals, we

se the tube B as blank sample, if necessary.

rtion of glucosinplates

g ethanehsolution (5.1) and then immediately add, to tube A, 200 pl to the nearest :
dard selution prepared according to the HPLC elution mode and the assumed glucosi
sample (5.5).

lank),
Wwhich

air at

h5 for

br 5 s.
latile

ighed

5t 0,5 mg, of the prepared test sample (see Clause 8) to each tube. Use tube A for the test

es in the water-bath or other heating apparatus (6.7), set at 75 °C and leave for 1 min. Add

ul of
nolate

ration of the enz

n-denatured myrosinase can break down the glucosinolates in a few minutes.

Continue heating at 75 °C for a further 10 min, shaking the tubes at regular intervals. Adjust the volume
in each tube A and B to approximately 4 ml with water, mix and then centrifuge at an acceleration of
5 000g for 3 min.

Transfer the supernatant liquid from each tube to two other tubes (6.6) labelled A" and B'. Adjust the
volume in each tube A" and B’ to approximately 5 ml with water and mix.

These extracts may be kept for two weeks if stored in the dark in a freezer at -18 °C.

NOTE With ethanol 50 % as solvent, a one-step extraction was found efficient enoughlél-
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9.3 Blank test

If required (5.5), carry out a blank test using the same procedure (see 9.2) on a test portion taken
from the same test sample, but omitting the internal standard solution (sinigrin or glucotropaeolin)
and replacing it by 200 pl of water, in order to detect and quantify any sinigrin or glucotropaeolin (or
coeluting compound) present in the test portion.

9.4 Preparation of ion-exchange columns

Cut the required number of Pasteur pipettes fitted with glass wood (6.8), i.e. one pipette per combined
extract, so as to leave a volume of 1,2 ml above the neck. Place the pipettes vertically on a stand.

Trangfer 0,5 ml of a well-mixed suspension of ion-exchange resin (5.11) to each pipette and-allow to settle.

Rinse the pipettes with 2 ml of the imidazole formiate (5.4) and then twice with 1 m]portjons of water.
9.5 [Purification and desulfatation
9.5.1| Carry out the operations given in 9.5.2 to 9.5.5 for each extract,

9.5.2| Transfer 1 ml or 0,5 ml of the extract (see 9.2) depending-eh the assumed glucosinplate content
of thelsample (see Table 4) to a prepared column (see 9.4) without/disturbing the resin surface and allow
to drdin. Add two 1 ml portions of the 0,02 M, pH 4,0 sodiunt:acetate buffer (5.2), allowing|the buffer to
drainfafter each addition.

Table 4 — Volume of extract transferred to the jon-exchange column according to the expected
glucosinolate content of the sample

Flucosinolate content of the sample Volume of extract
umol/g ml
<50 1,0
>50 0,5

9.5.3| Add to the column 75 pl of diluted purified sulfatase solution (see C.4.4). Leave to act
apprdximately 15 h at ambient temperature.

9.5.4| Place atube{6.6) under the column to collect the eluate. Elute the desulfoglucosinolates obtained
with fwo 1 ml portions of water, allowing the water to drain after each addition.

NOTE Thécemplete elution of the desulfoglucosinolates from the ion exchange column can pe checked by
using an additional portion of water (1 ml) for elution. The chromatography of this additional pgrtion will not
reveal any'desulfoglucosinolate in significant amount.

9.5.5 Mix the eluate well. If not used immediately for chromatography, the eluate may be stored in the
dark in a freezer at -18 °C for up to one week.

9.6 Chromatography with gradient elution

9.6.1 General

The reference method uses a gradient elution with octyl or octadecyl stationary phase column (6.2) and
eluents (5.8, 5.9 and 5.10).

© IS0 2019 - All rights reserved 7
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9.6.2 Adjustment of the apparatus

9.6.2.1 General

Adjust the column temperature to 30 °C and the detector wavelength to 229 nm. Programme the HPLC
apparatus (6.1) so as to rinse the column by passing of eluent B at a flow rate of approximately 1 ml/
min. When the baseline is stable, assume the initial conditions of the elution gradient (eluent A) and
allow the system to establish equilibrium during 5 min.

If the baseline remains unstable after passing the eluent B during 20 min, use the rinsing eluent
(acetonitrile 70 %) to clean the column, then use again eluent B during 5 min and assume the initial

conditions (gtrertA3-

When the syftem is balanced with eluant A, the sample shall be injected without delay. If nat, traces of

organic com
gradient elut

9.6.2.2 Anflysis

Inject into th
and vary the
to 25 % wit

Use an eluti

The followin
according to

EXAMPLE 1
elution gradie
gradient over

establish equilibrium.

EXAMPLE 2

gradient over
Apply a linear]
eluent A for 5

9.6.2.3 Examination of chromatograms

9.6.2.3.1 1

Using this ¢

separated falirly easily and the order of elution is generally as shown in Figure 1. However,

problems, w

ounds occurring in water can be concentrated onto the column and be released.duril
ion. Coelution with desulfoglucosinolates may then occur.

e chromatograph not more than 50 pl of the desulfoglucosinolaté solution obtained in

gradient appropriate to the column employed.

b elution gradients are given as examples and may lye modified to give optimum separ
the columns used (see Annex D).

RP18 column, 5 pm (150 mm x 4,6 mm): PassZ100 % of eluent A (5.8) for 1 min. Apply a
nt over 20 min until 0 % of eluent A and 100:% of eluent B are obtained. Apply a linear ¢
5 min until 100 % of eluent A and 0 % of eliient B are obtained. Pass 100 % of eluent A for 5

RP8 column, 5 um (125 mm x 4 mm): Pass 100 % of eluent A for 2 min 30 s. Apply a linear ¢
18 min until 0 % of eluent A and 100 % of eluent B are obtained. Pass 100 % of eluent B for
elution gradient over 2 min ufitil' 100 % of eluent A and 0 % of eluent B are obtained. Pass 10
in to establish equilibrivm.

Hentificatiomof'the peaks

hromatographic method, the desulfated derivatives of the rape glucosinolates c

hich.can be solved after slight modification of the elution gradient or after change

hg the

9.5.5

concentration in acetonitrile of the mobile phase according to ‘@/linear gradient (from 0 %
z]i'n approximately 20 min).

itions

linear
lution
min to

lution
5 min.
0 % of

hn be
a few
bf the

column type

can exist for the separation of the following desulfoglucosinolates:

desulfoe

desulfog

piprogoitrin and desulfoglucosinigrin;

luconapoleiferin and desulfoglucoalyssin;

desulfoglucobrassicanapin and desulfoglucotropaeolin;

desulfogluconasturtiin and desulfo-4-methoxyglucobrassicin.

The identification of the peaks may be carried out by comparison with a chromatogram stemming from
a standard sample (6.2) or by UV detection at a specific wavelength (275 nm for indolic glucosinolates).
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9.6.2.3.2 Quantification

Only take into account the peaks which correspond to desulfoglucosinolates and where the area exceeds
1 % of the total surface of the areas of these peaks.

Make certain that the integration measurement device operates in a suitable manner for badly
separated peaks and for high intensity peaks. If necessary, reinject the desulfoglucosinolate solution
(see 9.5.5) after diluting with water.

NOTE In spite of the choice of two internal standards, the chromatogram of the blank analysis (tube B,
see 9.2) can show a peak with the same retention time than the internal standard used in the tube A (see 9.2).
Nevertheless, the calculation of the glucosinolates content can be possible by elimination of the influence of the
coeluting peak on the internal standard peak area. IT the coeluting peak area is less than the hall pf the internal
standard area, the former can be subtracted from the latter with a correction made in comparisotith the areas
of anofther major peak present in both chromatograms. The test report specifies this calculation mpde.

10 Expression of results

10.1|Calculation of the content of each glucosinolate

The cpntent (g of each glucosinolate, expressed in micromoles pepgram of dry matter of the product is

equallto Formula (1):

A
Cg:—gx
AS

K 100

M8y 2 @)}
m K, (100-w)

where

Al is the numeric value of the peak area,in‘integrator units, corresponding to the
desulfoglucosinolate;

Ak is the numeric value of the peakiarea, in integrator units, corresponding to the
desulfoglucosinolate used as internal standard;

K is the numeric value ofithe relative proportionality factor of the desulfoglucosinolate;

Kl is the numeric value of the relative proportionality factor of the desulfoglucosinolate used as
internal standard;

m is the numeric¢ value of the mass, in grams, of the test portion;

n|[ isthequmeric value of the quantity, in micromoles, of internal standard added to the tube in 9.2;

w  is the numeric value of the moisture and volatile matter content, expressed in pertentage by
mass, of the test sample.

If it is desired to express the result relative to a specific moisture and volatile matter content, wg (e.g.
ws =9 %), multiply the result Cg obtained for dry matter (as above) by Formula (2):

100—-w
s (2)
100
10.2 Relative proportionality factors
The relative proportionality factors (Ki) given in Table 5 shall be adopted.
NOTE These relative proportionality factors have been determined experimentally and have been fixed by

consensus between the various laboratories who took part in the test; they may need to be revised in due course.
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Table 5 — Relative proportionality factors (Ki) to adopt

Desulfo-glucosinolate Ki
1 Desulfoglucoiberin 1,07
2 Desulfoprogoitrin 1,09
3 Desulfoepiprogoitrin 1,09
4 Desulfosinigrin 1,00
5 Desulfoglucoraphanin 1,07
6 Desulfogluconapoleiferin 1,00
7 Desulfoglucoalyssin 1,07
8 Desulfosinalbin 0,50
9 Desulfogluconapin 1,11
10 Desulfo-4-hydroxyglucobrassicin 0,28
11 Desulfoglucobrassicanapin 1,15
12 Desulfoglucotropaeolin 0,95
13 Desulfoglucobrassicin 0,29
14 Desulfogluconasturtiin 0,95
15 Desulfo-4-methoxyglucobrassicin 0,25
16 Desulfoneoglucobrassicin 0,20
17 Other desulfoglucosinolates 1,00

10.3 Calculation of the total glucosinolate content

The total glufosinolate content, expressed in micromoles.per gram of dry matter of the product, isfequal
to the sum ?Jlfthe content of each glucosinolate (the corresponding peak area of which is greater than
1 % of the sum total of the peak areas).

11 Precision

11.1 Interlpboratory test

Details of an|interlaboratory test-gn the precision of the method are summarized in Annex A. The yalues
derived from this interlaborater'y test may not be applicable to concentration ranges and matrices|other
than those gjven.

11.2 Repedtability

The absolutd difference between two independent single test results, obtained using the same mgthod
on identical [test materials in the same laboratory by the same operator using the same equipment
within a short interval of time, should not be greater than 2 pmol/g for glucosinolates contents lower
than 20 pmol/g and 4 pmol/g for glucosinolates contents ranging from 20 pmol/g to 35 umol/g.

11.3 Reproducibility

The absolute difference between two single test results, obtained using the same method on identical
test materials in different equipment, should not be greater than 4 pmol/g for glucosinolate contents
lower than 20 umol/g and 8 pmol/g for glucosinolate contents ranging from 20 pmol/g to 35 pmol/g.

10 © IS0 2019 - All rights reserved
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12 Test report

The test report shall specify the following:

— all information necessary for the complete identification of the sample;
— the sampling method used, if known;

— the test method used, with reference to this document, i.e. ISO 9167;

— all operating details not specified in this document, or regarded as optional, together with details of
any incidents which may have influenced the test result(s);

— tile test result(s) obtained;

flthe repeatability has been checked, the final quoted result obtained.

—n
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Annex A
(informative)

Results of interlaboratory trials — Gradient elution HPLC method

An interlaboratory test, carried out at the international level in 1988, in which 11 laboratories
participated, each of which carried out two determinations on each sample A, B, C and D, gave the

statistical reguitsfevatuated i accordance withr 1SO-572571986t2H showm i Table At~ The gradient

elution methjppd was used.

Table A.1 — Statistical results of the 1988 interlaboratory test — Gradient €lution

Rapeseed Rapeseed Rapeseed Rapese¢d
Sample

A B C D
Number of laboratories retained after 11 11 171 11
eliminating oputliers
Mean glucosiholate contenta 20,6 14,1 4,9 25,6
Standard devfiation of repeatability, s,2 1,7 0,6 0,3 0,8
Coefficient offvariation of repeatability 8,5 4,4 6,7 3,3
(%)
Repeatability| limit, r (2,83 x s,)a 4,8 1,9 0,8 2,2
Standard devjiation of reproducibility, 3,4 2,5 1,5 2,4
SRa
Coefficient of| variation of reproduci- 17 18 31 9,4
bility (%)
Reproducibiljty limit, R (2,83 x sg)a 95 7,0 4,2 6,7
a  Expressedin pmol/g dry matter.

An interlabqratory test, carried out\at the international level in 2014, in which 18 laborafories
participated| each of which carried out two determinations on each sample A to F, gave the stat|stical
results (evaluated in accordanee.with ISO 5725:1986[2]) shown in Table A.2. The gradient e|ution
method was used.

Table A;2 — Statistical results of the 2014 interlaboratory test

Sample A B C D E K

Sample type Brassica Brassica Brassica | Brassica Brassica Bragsica
napus meal | napus seed | juncea juncea |napus (can-|napus|(can-
TITeat seed ota)seed otajneal

Number of participating laborato- 18 18 15 18 18 18
ries
Number of laboratories retained 16 18 13 17 18 16
after eliminating outliers
Mean glucosinolates contenta 7,83 14,58 156,97 15,07 10,14 1,70
Standard deviation of repeatabil- 0,15 0,18 1,99 0,36 0,52 0,10
ity, s,
Coefficient of variation of repeata- 1,9 1,2 1,3 2,4 5,2 6,1
bility (%)
Repeatability limit, r (2,83 x s,)a 0,43 0,51 5,57 1,02 1,47 0,29
a  Expressed in pmol/g dry matter.
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Sample A B C D E F
Standard deviation of reproducibil- 1,33 1,34 30,14 1,91 1,27 0,36
ity, spa
Coefficient of variation of repro- 17,0 9,2 19,2 12,7 12,5 21,0
ducibility (%)
Reproducibility limit, R (2,83 x sg)a 3,72 3,75 84,4 5,34 3,56 1,00

a  Expressed in pmol/g dry matter.
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Annex B
(normative)

Checking of the titre of the prepared internal standard solution

B.1 Determination of purity

Make certailll that the solution does not contain glucosinolates other than the internal standalrd by

analysing the

B.2 Deter

 solution according to 9.5 to Clause 11.

mination of the titre

B.2.1 Priniciple

The titre is
released) or

B.2.2 Glud

Determine the titre of the solution by measuring the stoechiometric quantity of glucose released
rolysis with the myrosinase (thioglucoside glucohydrolase EC 3.2.3.1). The hydr

complete hy
will be carri
different dun

by calibration with the present method and a reference matetial.

ose release method

bd out on ion exchange columns(5] and the yield of the hydrolysis will be checked by
ations as for checking activity of sulfatase (see C.4.5).

B.2.3 Cali

Use with a t
to analyse a
(gradient or
replicates to
calculated ag

IS

r

IS,

where

ISy is

I

ration by a reference material

sample of rape having a certified glucosinolate content. Use the same method of e

shown by Formula (B:1):

R /Cth

the nuniteric value of the real titre of the internal standard;

[Sth is

he‘numeric value of the theoretical titre of the internal standard;:

oretical titre, the internal standard solution where the real titre have to be detern

socratic) than for the expected use of the internal standard solution and carry out s¢
evaluate the precision of the calibration. The real titre of the internal standard solut

letermined either by an independent method for measuring the glucosinolates (glucose

after
olysis
using

nined,
ution
bveral
ion is

(B.1)

Cth
wi

is the numeric value of the certified glucosinolates content of the reference material;

th ISth.

B.3 Relative proportionality factors

is the numeric value of the glucosinolates content of the reference material determined

Verify that the relative proportionality factor of glucotropaeolin, in comparison with sinigrin,

corresponds

14

to those indicated in 10.2 with a tolerance of 10 %.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=75ec4ca560f03bfff9dfc9e4defc0573

IS0 9167:2019(E)
Annex C
(normative)

Preparation and test of purified sulfatase solution and checking of
the desulphation step on ion-exchange columns

C.1 |General
The splfatase solution can be purified by two methods based on different principles,'"MetHod A is more
effici¢nt but less simple than method B. The purified sulfatase activity is measuréd in order to prepare

“read to use” solutions. The activity of the sulfatase solution is checked in analysis conditions (on the
ion ejchange columns).

C.2 |Principle

C.2.1| Purification

Method A: The sulfatase is purified by ion exchange and ultrafiltration.
Methed B: The sulfatase is purified by fractionated precipitation.
C.2.2[ Activity measurement

The 4ctivity is calculated form the initial speed of the desulfatation of sinigrin. The de¢rease of the
absorpance of the sinigrin solution at 229im is measured with a spectrometer.

C.2.3| Activity checking on ion exchange columns

The clesulfatation activity is chegked by carrying out a kinetic study of the reaction on glucosinolates
linked on the ion exchange calumn.

C.3 |Reagents and-apparatus
C.3.1| Sulfatase;Helix pomatia, type H1 (EC 3.1.6.1).

C.3.2| DEAE Sepharose 6B-CL?) suspension, available commercially, ready for use, or an equivalent
prodyct:

C.3.3 Ion exchange columns for method A purification.

Cut five Pasteur pipettes (6.8) 7 cm above the neck and place a glass wool plug in the neck. Install the
pipettes vertically on a stand and add to each a sufficient quantity of ion exchange resin (C.3.2) such
that, once the water has drained off, a 0,5 ml volume of resin is obtained.

Pour 1 ml of the imidazole formiate solution (5.4) into each pipette, then rinse them twice with 1 ml
of water.

C.3.4 Sodium acetate, 0,2 mol/l solution.

2) DEAE Sepharose 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.
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C.3.5 Sinigrin solution, 0,15 mmol/I buffered to pH 5,8 for measurement of activity.

Prepare the following three solutions in succession:

a)

with water;
b)

with water;
c)

appropriate.

transfer 1 ml of glacial acetic acid to a 500 ml one-mark volumetric flask and make up to the mark

transfer 1 ml of ethylene diamine to a 500 ml one-mark volumetric flask and make up to the mark

mix 73 ml of solution a) with 40 ml of solution b) and adjust to pH 5,8 using solution a) or b) as

Pour 3 ml of
to the mark Y

C.3.6 Ultrdg
molar weighf

C.3.7 Cent

the 5 mmol/] sinigrin solution (5.6) into a 100 ml one-mark volumetric flask and.m3
vith solution c).

is 10 Kg/mol3).

rifuge tube of 10 ml capacity.

C.3.8 Double-beam spectrometer, capable of operating in the ultraviolet region of the spectrun

at a controllg
recording sy

C.4 Proce

d temperature of 30 °C, equipped with quartz cells of pathdength 1 cm and if possible
tem.

dures

C.4.1 Method A purification

Weigh, to th
water and tr
with 1,5 ml

then collect ¢

Concentrate
(sulfatase w
once more b
store at -18

solution in s¢
the unused s

e nearest 1 mg, 25 mg of sulfatase Helix pomatia type H1 (C.3.1), dissolve it in 2,5
hansfer 0,5 ml of this solution into_each of the columns prepared in C.3.3. Wash each c¢
bf water and discard the effluent/Next, add 1,5 ml of the sodium acetate solution (
nd combine the eluates from:the five columns in a test tube.

Lhe eluates using an ultya-filtration unit (C.3.6) until approximately 100 pl of liquid re
th a molar mass in exceSs of 5 000 is not removed). Add 2,5 ml of water and conce;
y filtration until approximately 0,1 ml of liquid remains. Dilute to 2,5 ml with watg
C if the activityds;not checked the same day. It is recommended to condition the sul
bveral batches)\to avoid successive freezing and thawing out as it is recommended to
plution at <18.°C.

C.4.2 Method Bpurification

Weigh, to thg

fiearest 1 mg, 75 mg of sulfatase Helix pomatia type H1 (C.3.1) in a 10 ml centrifugg

ke up

-filtration unit (immersion filter or membrane filter) of which the makimum nominal

h, and
with a

ml of
lumn
C.3.4)

nains
itrate
r and
fatase
store

e tube

(C.3.7). Dissolve 1t In 3 ml of water and 2 ml of ethanol by mixing with vortex during 3 min. Centrit
at 5000 r/min during 1 min and discard the precipitate. To the supernatant, add 8 ml of ethanol and mix
by vortex during 3 min. After 45 min of decanting, centrifugate at 5 000 r/min during 10 min. Discard
the supernatant and dissolve the precipitate in 5 ml of water and store at -18 °C if the activity is not
checked the same day. It is recommended to condition the sulfatase solution in several batches, so as to
avoid successive freezing and thawing out.

ugate

3) The Millipore PLGC 11K25 immersion filter or the Millipore Ultra free-CL filtration unit are examples of suitable
products available commercially. This information is given for the convenience of users of this document and does

not constitute
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C.4.3 Activity measurement of the purified sulfatase

C.4.3.1 Using a pipette, transfer 2 ml of the buffered sinigrin solution (C.3.5) into the reference and
measuring cells of the spectrometer (C.3.8) adjusted to a wavelength of 229 nm with a cell temperature
of 30 °C. At time t = 0, add 50 pl of purified sulfatase (see C.4.1 or C.4.2) to the measuring cell and
immediately switch on the recorder. Stop the recorder when the absorbance no longer varies (4e), plot
the tangent to the point ¢ = 0 and measure its gradient AA/At.

NOTE If no recorder is available for plotting the absorbance, the data can be read on the spectrometer
display and manually reported on a graph. The beginning of the reaction will be noted accurately to plot the
tangent to the point ¢t = 0.

C.4.32 The activity of the sulfatase solution represents the number of micromoles“of desulfated
sinigrin per minute at 30 °C per millilitre of this solution. Activity is measured according'to the simplified

Formpila (C.1):

AAX5,7

aF——— (C.1)
Atx A,

wher¢
a is the numeric value of activity, in activity units pesmillilitre (ua/ml);
MA/At is the numeric value of the gradient of the tangent to the point ¢t = 0, in absorbance units
per minute;
Ak is the numeric value of the difference between the absorbance at equilibrium of the desulfated

sinigrin and the absorbance at time ¢t.£/0.

C.4.3{3 The calculation of the activity may be detailed as described in C.4.3.4 to C.4.3.5.

C.4.314 According to the definition of-the activity, as shown by Formula (C.2):

ANx10®  ANx103

ak == (C.2)
Atxvx10 Atxy
wher¢
AN is the namber of moles of desulfated sinigrin during A¢;
v is the/numeric value of the volume, in litres, of the sulfatase solution introduced into the re-

acting medium (i.e. 50 x 10-61);

1p62 is the numeric value of the factor for converting moles into micromoles;

103  is the numeric value of the factor for converting litres into millilitres.

AN=AcxV
where
%4 is the numeric value of the volume, in litres, of the reacting medium (i.e. 2,05 x 10-3);

Ac  isthe numeric value of the variation in concentration of sinigrin, in moles per litre, during At.
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C.4.3.5 According to Beer-Lambert’s law, as shown by Formula (C.3):

A
Aex1

Ac (C.3)

where

AA isthe numeric value of the difference in absorbance between At at the beginning of the reaction;

Ae isthe numeric value of the difference (in the region of 1 500 I.mol-1.cm-1) of the molar extinction
coefficients of sinigrin and of desulfosinigrin at 229 nm;

1 is tl:r numeric value, in cm, of the path length.

Ag may be exlpressed with the aid of A¢ and ce according to Formula (C.4):
Ae
Ae=—3— (C.4)
1X¢

Ae is the numeric value of the difference between the absorbanceat‘equilibrium of the desujfated
sinigrin and the absorbance at time ¢t = 0;

Ce is the numeric value of the concentration of the desulfésinigrin at equilibrium, in molg¢s per
litref namely

=1,39x10"* mol/I

C CerX

€ V+v

cq is th[ numeric value of the concentration ofithe original sinigrin solution (0,15 x 10-3 mol/1);

r is the numeric value, of the yield at eguilibrium of the desulfatation of the sinigrin (0,95).

It is deduced|from the expressions of Ag, Ac, AN and a:

AAXxc, AAXvXc,
Ac= y AN =

L AAXV Xc,
- AtxX Ay XV

%103

and a
e

C.4.4 Preparation of “ready to use” solutions

Dilute the pufrified sulfdtase with water so as to obtain, as a function of the activity measured in Cl4.3, a
solution conflaining 0,25 ua/ml.

EXAMPLE If£he measurement of the activity of a solution of purified sulfatase having a volume of [I,5 ml
gives 0,75 ua/jmd; this solution is diluted with 3 ml of water so as to obtain 4,5 ml of solution with an actiyity of
0,25 ua/ml.

Since the dilution factor can be subsequently modified on the basis of the results of the checking of the
desulfatation (see C.4.5), it is recommended to store a stock of undiluted purified sulfatase (see C.4.1
or C.4.2).

C.4.5 Checking of the sulfatase activity on ion-exchange columns

Since glucosinolates are desulfated at different speeds, it is necessary, in order to have quantitatively
accurate results, to make certain that the glucosinolates transferred to the ion exchanger are completely
desulfated at the end of the time period chosen for desulfatation (15 h).
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For this, examine the kinetics of the desulfatation under true operating conditions in the following manner.

Prepare a volume of extract of approximately 8 ml by conducting, for example, four extractions
according to the normal procedure (see 9.2), with addition of the internal standard, of a control

sample and by collecting the 2 ml of extract produced by each extraction;

Transfer 1 ml of extract to each of the six ion-exchange columns and conduct the desulfatation in
accordance with the normal procedure described in 9.5 but with respective desulfatation times of
1h,2h,4h,8h,16 hand 32 h (transfer the extracts and the sulfatase at the same time and eluate
each column after respectively 1 h, 2 h, 4 h, 8 h, 16 h and 32 h). Analyse the six eluates by HPLC in
accordance with the normal procedure described in 9.6 and record the areas of the principal peaks

far the six analvses

ext, plot the curves (desulfoglucosinolate peak area) = f (desulfatation duration)’for
glucosinolates and the internal standard. The plane of each curve correspords’to
desulfatation of the glucosinolates.

The start of the plane of the most slowly desulfated glucosinolate shall be situated at a tin

15h

e.g. 8 h).

On the contrary, the dilution factor of the purified sulfatase shouldbe reduced in orde
the agtivity of the sulfatase solution transferred to the columng (intreasing the volume
transferred to the column does not improve the desulfatation yield).

The value of the peak area of the internal standard at the step can be used as a basis o
for evyeryday analyses, since the conditions for introduction of the internal standard ha
unchgnged.

The checking of the desulfatation is necessary whexnithe operating conditions vary signific
ion-exchange column, concentration of the sulfatase being used, ambient temperature).

the principal
he complete

1e well under

I to increase
of sulfatase

f verification
ve remained

intly (type of
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Annex D
(informative)

HPLC system and column performance criteria qualification

D.1 General

This procedlllre can be adopted to qualify any HPLC column or system not previously used folr this

document.

D.2 Proce

D.2.1 Sinigrin and glucotraopaeolin peak shapes

Prepare stay
than 50 pl oy
and should 1
appearance
50 pl. If full
the loop attg
(4,6 versus 3

D.2.2 Resq

On the samg
retention tin

dure

dards as specified in 5.5. Using the working internal standatd solution, inject no
ito the HPLC column. Carefully examine the shape of the peak(s). It should be symme
ot show a leading shoulder or a chair-like appearance.# leading shoulder or a cha
ndicates excessive injection volume. Make sure that the injection volume did not e
loop injection was used, the problem could be caused by excessive dead volume ¥
ched to the injector. Replace the loop to correct-this problem. A larger diameter cc
mm) may also correct the problem.

plution of internal standards

chromatogram, examines the peaks for sinigrin and glucotraopaeolin. Determir

shows exam

D.2.3 Crit

Prepare and

I

les of good chromatograms.

al resolution

analyse a rapeseedrextract as describe in the standard. Ensure that the peaks

desulfogluco

berin (peak 1) and-desulfoprogoitrin (peak 2), b) desulfoglucobrassicanapin (pea

more
trical
r-like

xceed

where
lumn

le for both internal standards. Both.should be baseline resolved from one another. Fig

for a)
k 11)

and desulfoglucotropaeolin Cfpeak 12), and c) desulfogluconasturtiin (peak 14) and desuflfo-4-

methoxygludobrassicin (peak 15) are fully resolved from one another (see the chromatogra
Figure 1). Sdme HPLC ecelumns are not capable of resolving these peaks and are not suitable fqg
method. Sonfe HPLC €olumns might change the elution order of the peaks. These columns can be
for this method provided that the peaks are correctly identified and fully resolved from one an
One cause of| po6r resolution might be inadequate mixing of the A and B solvents on the HPLC sy
which will bg'evident as peaks that are too broad and which vary in retention time from run t

ms in
r this

used
pther.
stem,

D run.

This can be corrected by addition of a mixer.

D.3 System suitability

D.3.1 General

A system suitability step shall be performed to ensure that the HPLC system is working correctly. Before
running any test solutions, demonstrate the repeatability and lack of carryover of the HPLC system as

described in

20

D.3.2 to D.3.3.
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D.3.2 System artefacts

The first two injections of the day, a blank standard in succession, must produce no artefact. Artefacts
present in both runs indicate impurities on the system and will be present in every run. Artefacts in the
first chromatogram and absent in the second one indicate a build-up of impurities in the system. In this
case, the first sample of every analytical test shall be a blank solution.

D.3.3 Carryover — System precision

Analyse five replicate analyses of the internal standard solution. Calculate the concentration of each

analyte and calculate mean, standard deviation and relative standard deviation (RSD) of the results.

SN o 11 o 1 L 1d ba :d 11 A2 07 1€l o DCINY oL 0/ L A
The F oD TOT daltT pTanS STt oTTaCarty U,Z~ /0. IT tuL, jave) vy U, /0, tuL, a_yat\,ux TS uut STr table fOI‘ the

analypis and the cause of the problem should be found and shall be corrected.

NOTE Reversed-phase HPLC column: any C8 and C18 reversed phase (RP) columns that pass the
perfomance criteria requirements are acceptable. However, many C8 and C18 RP columns of identical particle
size differ by their pore size, surface area, carbon load and purity of the silica. Some columns are also endcapped
to minjimize the effect of the non-reacted silanol groups. These characteristics will-give the variops C18 and C8
columjns different polarity and hydrophobicity properties, therefore not all C8.and C18 columns afe suitable for
this Iz:ﬁqalysis and column choice is critical in achieving desired resolution.
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Annex E
(informative)

Elution in the isocratic mode

E.1 Internal standard

With isocraf
analysis bec
benzylglucos
(5.7) shall bg
and the purif

See Table 1
assumed glu
to prepare a

E.2 Mobi

E.2.1 Elue

Mixture of W

ic elution on cyano propyl stationary phase, sinigrin cannot be used for f‘ap
puse of the non-separation from the other glucosinolates. Glucotropaeolin. (pota
inolate, M = 447,5 g/mol or tetramethylammonium benzylglucosinolate, M = 482,6 g

used instead. The glucotropaeolin may be used in a hydrated form, then(the molar
y shall be known and taken into consideration for the preparation of the solution.

o determine the concentration of the internal standard solution¢to-dse according
Cosinolate content of the sample and see Table 2 to determine the wéight of glucotrop
100 ml water solution.

es phases for isocratic elution

nt.

rater and acetonitrile, filtered at 0,22 pm. The'proportion of acetonitrile depends

HPLC columip. It can be, for example,

for Lichn

for Nuclg

NOTE Ac
Using methan|

E.2.2 Rins

E.3 Colun

ospher CN: from 0 % to 5 %, and
osil CN and Hypersil CN: around™10"%.

btonitrile can be replaced without drawback by methanol (with the proportion in water dot
bl can lightly modify the seléctivity of the separation in comparison with acetonitrile.

ng solvent, acetonitrile, HPLC grade, 25 % (volume fraction) solution in water.

hn for isocratic elution

eseed
5sium
mol)
mass

o the
heolin

n the

ibled).

HPLC column of size-250'mm x 4 mm or 250 mm x 4,6 mm, containing a cyanopropyle stationary phase,

bound to sili

The charac

Ca column packing, of particle size less than or equal to 5 pum.

the

réristics of selectivity and retention of the selected column shall enable

desulfogluco

sinolates separation as shown on Figure E.1.

New columns shall be subjected to preliminary conditioning in accordance with the manufacturer’s
instructions so that reproducible results can be obtained. In particular, before first using, the column shall
be rinsed with pure ethanol to eliminate the storage solvent which is generally immiscible with water.

The performance of the column should be checked regularly, preferably using a reference
sample of rapeseed desulfoglucosinolates. In particular, the column shall not degrade desulfo-4-
hydroxyglucobrassicin, an important but relatively unstable desulfoglucosinolate. The peaks should be
symmetrical and should not show a leading shoulder or a chair-like appearance. The internal standard
should be well resolved from the other peaks.
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