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INTERNATIONAL STANDARD

ISO 5504:1992(E)

Oilseed residues — Determination of total isothiocyanate
content and vinylthiooxazolidone content

1 Scope

- This Intern
the determ

htional Standard specifies a method for
ination of the total isothiocyanate (ITC)

content and 5-vinylthiooxazolidone (VTO) content

produced

by the enzymic hydrolysis of gluco-

sinolates in oilseed residues of the Brassica family.

Under the

operating conditions described, the

method dg¢es not allow determination of free

isothiocyan

It has bee

tes and free vinylthiooxazolidone.

concluded from the resulis of inter-

laboratory tests that, owing to the accuracy of the

method, it

is not suitable for use on products having

contents of|less than

2 umol/
6 umol/

Annex A g
mining the

g of ITC

g of VTO

ves, for information, a method of deter-
isothiocyanate content, by argentimetry.

" This methad is not applicable“however, to oilseed

residues o
sinolates ¢

the Brassica family having low gluco-
bntents.

NOTE 1  For rapeseeds{ two methods for the determi-

nation of g
1ISO 9167-2.

ucosinolates are given in ISO 9167-1 and

ISO 734:1979, Oilseeds residues — Dete
hexane extract (or light-petroleum ext
“oil content”.

ISO 5502:1992, Oilseed residues — Pré
test samples.

3 Principle

rmination of
ract), called

bparation of

Afterremoval of the fats and oil (d
necessary,

traction of isothiocyanates (ITC) wi
methane or chloroform and of vinylthig
(VTO) with diethyl ether.

Determination of ITC by gas chromatogs

VTO by ultraviolet spectrometry.

4 Reagents

Use only reagents of recognized analy
unless otherwise specified, and
demineralized water or water of at leas
purity.

4.1 Reagents for determination of

4.1.1 Dichloromethane, or, failing this,

and drying of the oilsegd
enzymatic hydrolysis of the glucosinolates,

-fatting), if
residue,
ex-
h dichloro-
oxazolidone

aphy and of

tical grade,
distiled or
t equivalent

TC

chloroform.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All stan-
dards are subject to revision, and parties to
agreements based on this International Standard
are encouraged to investigate the possibility of ap-
plying the most recent editions of the standards in-
dicated below. Members of IEC and SO maintain
registers of currently valid international Standards.

WARNING — Take special precautions when hand-
ling chloroform. Avoid prolonged exposure to
chloroform by, for example, carrying out all oper-
ations, so far as possible, in a fume cupboard.

4.1.2 n-Hexane, or, failing this, light petroleum
{(boiling range 40 °C to 60 °C).

4.1.3 Buffer solution, of pH 7, commercially avail-
able, or, for example, a solution prepared as foliows.

Measure 35,3 ml of 0,1 mol/I citric acid monohydrate
{CgHgO7.H,0) solution (21,01 g/l solution) into a
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200 ml one-mark volumetric flask and dilute to the
mark with a 0,2 mol/l solution of disodium hydrogen
phosphate dihydrate {Na,HPO,.2H,0) (35,61 g/i sol-

ution). Check the pH and, if necessary, adjust.

4.1.4 Enzyme

sidase), avai

NOTE 2

source, myrosidase
lable commercially.

(thiogluco-

It is also possible to use an enzyme source

prepared from white mustard seed (Sinapis alba L.)}", as

follows.

Finely grind t

80 % will pasqg through a sieve of aperture size 280 ym.

Remove the
hexane or, fai

bil and fat from the grindings using cold
ing this, cold light petroleum (4.1.2), carry-

ing out the extraction using a method which will permit

extraction unt

I not more than 2 % of oil remains in the

product and w{thout the temperature exceeding 30 °C. For

example, use
out extraction

h double-walled Soxhlet apparatus, or carry
by grinding with hexane in a microgrinder

cooled by running water. Remove traces of solvent at
ambient temperature, preferably using a slight current of

aitr.

Store the enyyme source thus obtained at 4 °C in a
hermetically spaled glass bottle. Under these conditions,

it can be kept
a freshly prep

It is recomme
sure that the
quantities whi

41.5 Butyl

or about 6 weeks, but it is preferable to use
hred enzyme source.

nded that a blank test be performed to en-
enzyme source does not contain ITC in
h could significantly affect the results.

sothiocyanate, 2 mmol/i standard sol-

ution in dichlforomethane or chloroform (4.1.1).

It is prefera

ble to prepare a 20 mmol/l standard

stock solution [230,4 mg of butyl isothiocyanate in

100 mi of dic
to prepare a

The dilution

hloromethane or chloroform (4.1.1)] and
10" dilution before use(

factor may be modified depending on

the assumed| iTC content of the product.

41.6 Gases|for gas chromatography

Carrier gas:

carefully.dried nitrogen containing less

than 10 mg gf oxygen per kilogram.

Auxiliary gadesDhydrogen and air.

5 Apparatus

Usual laboratory apparatus and, in particular, the
following.

5.1 Apparatus for preparing the test sample
and drying the test portion

5.1.1 Sieve, of aperture size 280 pm.

5.1.2 Apparatus for the extraction of fat and oil, by

fhe method speCI||ea in IS0 734, T neces§ary.

5.1.3 Grinder

5.1.4 Desiccator

5.1.5 Analytical balance

5.1.6 Electric oven,_tapable of being maj|ntained at
103 °C + 2 °C.

5.1.7 Conical flask, of 25 ml capacity.

5.2 Apparatus for the determination|of ITC

5.2.1 Chromatograph, with a flame ionization de-
tector and a recorder, comprising, for gxample, a
column of length 2 m, external diameter 3|2 mm and
internal diameter 2 mm, filled with 1D % (m/m)
diethylene glycol succinate (DEGS) on GAS/CHROM
P 150 um to 180 pm (80 to 100 mesh) (trpated with
hexamethyldisilazane).

5.2.2 Stirrer/shaker system, for conical flasks, or a
magnetic stirrer.

5.2.3 Microsyringe, of 1 ul capacity.
5.2.4 Pipettes, of 5 ml and 10 mi capacity.
5.3 Apparatus for the determination|of VTO

5.3.1 Spectrometer, preferably with a| recorder,
suitable for measurements in the ultrayiolet, with

4.2 Reagents for the determination of VTO

4.21 Diethyl ether, spectrometric grade.

4.2.2 Anti-foaming agent, for example octan-2-ol.

4.2.3 Buffer solution, of pH 7 {(see 4.1.3).

4.2.4 Enzyme source (see 4.1.4).

silica cells of 10 mm optical path length.

5.3.2 Stirrer/shaker system, for conical flasks, or a
magnetic stirrer.

5.3.3 Conical flasks, of 100 ml and 200 mi capacity.

5.3.4 One-mark volumetric flasks, of 25 ml and

100 ml capacity.

5.3.5 Beaker, of 50 ml capacity.

1) Use seed in which more than 85 % of the grains germinate in less than 72 h and which is less than 2 years old.
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5.3.6 Separating funnel, of 50 ml capacity.

5.3.7 Pipette, of 2 ml capacity.

6 Sampling

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

Sampling is not part of the method specified in this

ISO 5504:1992(E)

Weigh the conical flask to the nearest 1 mg, and
determine the mass of the de-fatted, if necessary,
and dried test portion (about 2 g).

8.1.2 Determination

Add to the test portion, 5 ml of the buffer solution

International Standard. A recommended method is (4.13), 025g of the enzyme source (4.1.4) and

given in 150 5500.

7 Preparation of test sample

See |1SO 5502.

7.1 Oilseed residues having oil contents less
than 5 %|(m/m)

As de-fatting is not necessary for oil contents below
5 % (m/m), use the oilseed residues as received af-
ter grinding, if necessary, so that at least 80 % of
the grind{ngs obtained pass through the sieve
(5.1.1).

As resulld are expressed relative to the de-fatted
sample, perform a parallel determination of the oil
content of the oilseed residue, using the method
described|in ISO 734 or any other suitable method,

7.2 Oilseed residues having oil contents
greater than or equal to 5 % (mn/m)

If the oill content is greater than )or equa!l to
5 % (m/m] (pressed oilseed residues), carry out de-
fatting of 10 g of oiiseed residue using the procedure
specified in ISO 734. After elimination of the solvent,
grind, if n¢cessary.

8 Procedure

8.1 Determination of ITC

10 mi, using the pipette (5.2.4), of the-sfandard butyl
isothiocyanate solution (4.1.5) (using'4 more dilute
solution, if necessary), such thatthe peight of the
peak of the standard solulion.is of thg same order
as that of the highest peak,6f\the test solution).

Shake for 2 h at room~ temperaturg using the
stirrer/shaker system.or the magnetic ptirrer (5.2.2).
Allow to separate; ortentrifuge if necegsary.
Using the microsyringe (5.2.3), take| 1 ul of the
dichloromethane or chloroform phase,|avoiding tak-
ing any_patticles in suspension, and inpject this into
the chromatograph (5.2.1) controlled, |[for example,
as follows:
temperature of the injector: 135 °C
temperature of the column: 90 °C

temperature of the detector: 130 °C

pressure or flow-rate of the carrier|gas: 80 kPa?
or 20 mi/min to 30 ml/min.

The order of elution is as follows:
allyl isothiocyanate,
buty! isothiocyanate,
butenyl isothiocyanate,

pentenyl isothiocyanate.

NOTES

8.11 Testportion

Transfer approximately 2,2 g of the test sample
{clause 7) to a 25 ml conical flask (5.1.7), which has
been previously dried and weighed to the nearest
1 mg. Place in the oven {5.1.6), set at 103 °C, for at
least 8 h, and allow to cool in the desiccator (5.1.4)
to room temperature.

NOTE 3 If a determination of VTO has also been re-
quested (see 8.2.1), simultaneously dry the test portion to
be used for the determination of VTO in the beaker.

2) 80 kPa = 0,8 bar

4 For information, if using diethylene glycol succinate
(DEGS) as the stationary phase, the retention times rela-
tive to butyl isothiocyanate are as follows:

ailyl isothiocyanate: 0,70
butenyl isothiocyanate: 1,45
pentenyl isothiocyanate: 2,45

5 As the solution injected is very corrosive, clean the
microsyringe immediately after use with a solvent.
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8.2 Determination of VTO

8.2.1 Test portion

Transfer approximately 2,2 g of the test sample
{clause 7) to a 50 ml beaker (5.3.5), which has been
previously dried and weighed to the nearest 1 mg.
Place in the oven (5.1.6), set at 103 °C, for at least
8 h, and aillow to cool in the desiccator (5.1.4) to

room temperature.

Weigh the bej

ker to the nearest 1 mg, and deter-

of dry matter content of the de-fatted® sample, is
equal to

o(To)
S.xm, x [4/3S, + 4/4S, + 4/5S,]
where
m, is the mass, in grams, of the de-fatted

and dried test portion (8.1.1);

Q(TC) is the amount of butyl isothiocyanate, in

mine the mas
dried test porti

8.2.2 Determi

Quantitatively
conical flask (
solution (4.2.3)
low to cool to
enzyme sourcs
foaming agent

5 of the de-fatted, if necessary, and
on (about 2 g).

hation

ransfer the test portion into a 200 ml
5.3.3) and add 70 ml of boiling buffer
using some to rinse the beaker. Al-
about 30 °C, then add 0,50 g of the
e (4.2.4) and a few drops of the anti-
(4.2.2). Shake for 2 h at room tem-

perature using the stirrer/shaker system or the

magnelic stirrg

Immediately tr
mark volumetr
make up to th
the filtrate in

gently for 30 s
take 2 ml and

(5.3.6). Carry (
10 ml of the d
the ether layer

r (5.3.2).

ansfer quantitatively to a 100 mi one-
c flask {5.3.4), rinsing with water, and
b mark with water. Filter and collect
2 100 ml conical flask (5.3.3). Shake
and, by means of the pipette (5.3.7),
blace it in the 50 mi separating funnel
but two extractions of the VTO using
ethyl ether (4.2.1) each time. Collect
s in a 25 ml one-mark volumetric flask

{(5.3.4), and mdgke up to the mark with diethyhether.

Determine thd
280 nm and

280 nm from t
(which occurs
absorbance of

absorption curve from\220 nm to
subtract the absorbanee read at
hat read at the maximum absorbance
at about 250 nm) invorder to obtain the
the test porion:

If the absorbance valuesyobtained are beyond the

limits of the
solution as ne

nstrument) ‘dilute the extiracted test
ressaryowith diethyl ether.

8.2.3 Blank tqst

micromeoles—eontainred——10-m of sol-
ution {usually 20 pumol);

Se is the area of the peak correspgnding to
butyl isothiocyanate;

S, is the area of the peak correspgnding to
allyl isothiocyanate;

Sp is the area, of the peak correspgnding to

butenyl isethiocyanate;

Se is the area of the peak corresponding to
pentenyl isothiocyanate.
NOTE 6 The values 4/3, 4/4 and 4/5 are the theoretical

response coefficients of isothiocyanates.

9.2 VTO content

The VTO content, expressed in micromples per
gram of dry matter content of the de-fatted’ sample,
is equal to
(Ag — Ag) x 25 x 100 x 10°
15 756 x 1 000 x 2 x m,

Carry out a bl

ank test under the same conditions,

omitting the test portion in order to determine the
absorbance due to the enzyme source (4.2.4).

9 Expression of results

9.1 ITC content

The ITC content, expressed in micromoles per gram

where

Ag is the absorbance of the tes{ solution
(8.2.2),

Ag is the absorbance of the bjank test
solution (8.2.3);

15 756 is the molar extinction coeflicient, in
litre reciprocal moles reciprpcal cen-
Timefres, of the VIO,

my is the mass, in grams, of the test por-

tion (8.2.1).

A simplified formula may thus be derived where the
VTO content, expressed in micromoles per gram of
dry matter content of the de-fatted® sample, is equal
to

(AE - AB) X 79,33
my

3) In the case of oilseed residues which have not been de-fatted, it is necessary to take into account the oil content de-
termined in clause 7.
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Take into account any dilution of the test solution.

9.3 Special case: animal feeding stuffs

For animal feeding stuffs, the results are generally
expressed relative to the product as received. Thus,
if such a manner of expression of results is required,
make the necessary corrections to take into account
the water and oil contents.

10 Test report

ISO 5504:1992(E)

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

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

It shall also mentioned 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 specify

— the method in accordance with which sampling
was carfied out (if known),

The test report shall include all informalion necess-
ary for the complete identification. of the|sample.
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Annex A
(informative)

Determination of isothiocyanate content by argentimetry

A1 Introduction

A.3.7 Ammonium thiocyanate, standard volumetric
cnluﬁnny /'(NHQQ(‘M) — n‘m mr\llll

For Iaboratori«ls which do not have gas chromato-
graphic apparjatus for determining ITC, it is rec-
ommended t¢ use the following argentimetric

method. This method, which was compared with the
gas chromatographic method by inter-laboratory

tests carried
shown to give

out at the international level, was
comparable resulis, provided that the

glucosinolate ¢ontent was sufficiently high.

It is important

to note, however, that the expression

of results is different in the two methods; for gas

chromatography, the

results are expressed in

micromoles of| isothiocyanates detected, whilst, for

argentimetry,

the resulls are expressed conven-

tionally in milligrams of butenyl isothiocyanate.

A.2 Princigle

After de-fattin
oilseed residuy
sinolates, the

g (if necessary) and drying of the
, enzymatic hydrolysis of the gluco-
azeotropic distillation of ITC in the

presence of ethanol and collection in dilute, am-

monia solutign.

thiourea deriv

Back titration

Action of silver nitrate-lon the
htives thus formed.

of the excess silver (hitrate using an

ammonium thiocyanate solution.

A3 Reage

nts and materials

Use only reagents.of tecognized analytical grade
and distilled gr demineralized water or water of at

least equivale

htpurity.

A.3.8 Buffer solution, of pH 4, commefcially avail-
able, or, for example, a solution prepared as follows.

Dissolve 42 g of citric acid mopohydrate [in 11 of
water. Adjust to pH 4 usingvconcentrateq sodium
hydroxide solution.

A.3.9 Enzyme source, myrosidase (thiogluco-
sidase), or an enzyme’ source prepared us|ng white
mustard seed (Sinapis alba L.} (see 4.1.4).

A.3.10 Antiz-bumping granules

A.4\ Apparatus

Usual faboratory apparatus and, in partidqular, the
following.

-

A.4.1 Apparatus for preparing the tes
sample and drying the test portion

See 5.1.

A.4.2 Apparatus for the determination of ITC

A.4.2.1 Electric oven, capable of being mpgintained
at 25 °C or 40 °C.

A.4.2.2 Distillation apparatus, of the type shown in
figure A.1, comprising in particular;

— a conical flask @, of 500 ml capacity;

A.3.1 Ethanol, 35 % (/).

A.3.2 Anti-foaming agent, for example octan-2-ol.

A.3.3 Nitric a
A.34
A.35

A.3.6

cid, solution, c(HNO;) = 6 mol/l.

Ammonia, 10% (/n/m) solution.
Ammonium iron(ill) sulfate, 80 g/l solution.

Silver nitrate, standard volumetric solution,

c(AgNO,) = 0,1 mol/l.

— a round-bottomed flask ®, of 250 mi capacity,
with a graduaiion line corresponding to a volume
of 70 ml.

A.4.2.3 Water-bath, containing ice.

A.4.2.4 Water-bath, containing boiling water.

A.4.2.5 Conical flask, of 100 m! capacily.

A.4.2.6 One-mark volumetric flask, of 100 ml‘ ca-

pacity.
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A.4.2.7 Pipettes, of 10 ml and 25 ml capacity.
A.4.2.8 Filter paper

A.4.2.9 Reflux condenser, to fit the flask ® of the
distillation apparatus (A.4.2.2).

A.5 Preparation of test sample

Prepare the test sample as described in clause 7.

ISO 5504:1992(E)

place 3 ml of ethanol in the safety tube of the re-
ceiver flask.

Distil slowly until a total of 70 ml of liquid is obtained
in the receiver flask.

A.6.5 Determination

Disconnect the receiver flask, and pour into it the
ethanol contained in the safety tube. Attach a reflux
condenser (A.4.2.9) and heat the flask for 30 min on
a boiling-water-bath (A 4.2 4), then cool in cold wa-

A.6 ProIedure

A.6.1 Test portion

Transfer approximately 2,2 g of the test sample
(A.5) to a [conical flask (A.4.2.5), which has been
previously [dried and weighed to the nearest 1 mg.
Place in the oven (5.1.6), set at 103 °C, for at least
8 h, and allow to cool in the desiccator (5.1.4) to
room tempgrature.

Weigh the|conical flask to the nearest 1 mg, and
determine fthe mass of the de-fatted, if necessary,
and dried test portion (about 2 g).

A.6.2 Hydrolysis

Quantitatively transfer the test portion to the 500 ml
conical flask @ of the distillation apparatus
(A.4.2.2), add 100 ml of the buffer solution (A.3.8),
using sompe to rinse the flask containing the test
portion, and add 0,50 g of the enzyme, source
(A.3.9). Stopper the flask and shake gently, then
place in the oven (A.4.2.1) for 16 h at 25.°C, or 3 h
at 40 °C. During this period, shake the\flask at reg-
ular intervals.

" A6.3 Preparation of the receiver flask

Transfer tq the round-boftomed flask ® of the dis-
tillation apparatus (A4.2.2), 10 mi of the silver ni-
trate solution (A.3B), measured from a pipetie
(A427), Bnd 275wl of the ammonia solution
(A.3.4).

Connect the flask to the distillation apparatus and

ter.

Transfer quantitatively the contents) of the receiver
flask to a 100 m! one-mark  ‘volumetric flask
(A.4.2.6), rinsing the flask with’water, and make up
to the mark. Shake, and Afilter using a |filter paper.
Using a pipette (A.4.2.7)take 25 ml of thg filtrate and
place it in a 100 m! cohical flask (A.4.2)5). Add 1 ml
of the nitric acid solution (A.3.3), and 0,5 ml of the
ammonium iron(l{)*sulfate solution (AB.5) as indi-
cator.

Titrate the excess silver nitrate with thg ammonium
thiocyanate solution (A.3.7) until a stabl¢ pink colour
is obtained.

A.6.6 Blank test

Carry out a blank test using the same prpcedure, but
omitting the test portion.

A.7 Expression of results

The ITC content, expressed as milligrams of butenyl
isothiocyanate per gram of dry mattefr of the de-
fatted® sample, is equal to

place it in the water-bath containing ice (A.4.2.3).
The end of the condenser tube shali be immersed in
the silver nitratefammonia solution.

A.6.4 Distillation

Allow the conical flask (see A.6.2) to cool 1o room
temperature, add a few anti-bumping granules
(A.3.10) and a few drops of the anti-foaming agent
(A.3.2), then connect it to the distillation apparatus.
Using a funnel placed above the condenser, add to
the contents of the flask 10 mi of ethanol (A.3.1) and

ny
where

my is the mass, in grams, of thg test portion
(A.6.1);

V, is the volume, in millilitres, gf ammonium
thiocyanate solution used fpr the blank
test (A.6.6);

V, is the volume, in miliilitres, of ammonium
thiocyanate solution used for the deter-
mination {A.6.5);

¢ is the exact concentration of the am-

monium thiocyanate solution used.

A.8 Test report

The test report shall specify
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— the method in accordance with which sampling
was carried out (if known),

— 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 speci-
fied in this annex, or regarded as optional, together
with details of any incidents which may have influ-
enced the results.

The test report shall include all information necess-
ary for the complete identification of the sample.
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Funnel, of 10 ml capacity

Ground joint 14/23

1SO 5504:1992(E)

Dimensions in millimetres

150
L\‘
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\‘ \
g =/ i \4¢l"5 - 1
\ /;n’r 7 Ground joint 19/2¢
620
: ) H
A
Ground joint 29/32 ®int10
INT.
@int 30
]
(e o]
N

Conicdl flask @

Ground joirjts 19/26

Ground joint 29432

90

\—

_dint 8

_/

Round-bottomed
[ flask

Figure A1 — Example of apparatus for the distillation of isothiocyanates
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(informative)
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