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DISTRIBUTION OF THIOGLUCOSIDES IN DIFFERENT
PARTS OF BRASSICA PLANTS

E. JOSEFSSON
Chemical Division, Swedish Seed Association, Svaldv, Sweden
{Received 22 March 1967)

Abstract—Paper- and thin-layer chromatography were used in qualitative investigations on thioglucosides in
vegetative parts of Brassica napus, B. campestris and several forms of B. oleracea. The various morphological
parts i.e. root, stem, petiole and midvein, lamina excluding midvein, and **head " were analysed separately.
Spectrophotometric methods were used for semi-quantitative determinations. It was shown that the thio-
glucoside pattern may be rather complex. A rape variety which originated from a cross between a turnip rape
and marrow stem kale also investigated showed the same pattern as the turnip rape variety. In B. oleracea
thioglucosides with 4-carbon aglucones are very common while the B. napus and B. campestris varieties in-
vestigated essentially contain thioglucosides with S-carbon aglucones. A CH,SO-group often occurs as a
terminal substituent in the 4- and S-carbon aglucone in the thioglucosides of B. oleracea and B. napus~B.
campestris respectively. Glucobrassicin was found in all plants investigated. The variation in thioglucoside
pattern within the species B. oleracea s fairly wide. The thioglucoside progoitrin seems to be quite absent from
the vegetative parts of several B, oleracea types.

INTRODUCTION

PRACTICALLY all plants of the family Cruciferae which have been investigated contain thio-
glucosides.! Some of the most valuable cultivated species of this family belong to the genus
Brassica. Since the thioglucosides on hydrolysis yield split products which are responsible at
least for some of the toxic effects of Brassica plants?: 3 it is of interest to examine the possibi-
lities of reducing thioglucoside content by plant breeding methods.

In 1959 the general formula (I) for these thioglucosides was established by Ettlinger and
Lundeen:

-3—CgH};054
“N—0S§0,0-
o

The chemical nature of R of the thioglucosides found in Brassica is shown in Table 1.

The hydrolysis of thioglucosides is catalysed by an enzyme system, myrosinase, which
seems to be present in all tissues of thioglucoside-producing plants. To date twelve different
thioglucosides are known to occur in Brassica (Table 1) which yield split products of various
types. Different methods have to be used for the analysis of these products and, in order to
find the most suitable methods for use with any plant, it is necessary to know which thio-
glucosides are present. Comparatively little is known about the distribution of the thiogluco-
sides between various tissues.! Therefore it was considered of interest to investigate the thio-
glucoside content in separated morphological parts of Brassica plants. The results might also
increase our understanding of the biogenesis and metabolic pathways of these compounds.?

1 A, KJAER, Progr. Chem. Org. Nat. Prod. 18, 122 (1960).

2 A, 1. VIRTANEN, Umschau 62, 129 (1962).

3 P, LANGER, Physiol. Bohemosiov. 13, 542 (1964).

4 M. G. ETTLINGER and A, J. LUNDEEN, J. Am. Chem. Soc. 78, 4172 (1956).
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TaABLE 1. THIOGLUCOSIDES IDENTIFIED IN Brassica napus, B. campestris or B. oleracca

Trivial name Systematic name Formulal, R=
1. Sinigrin Allylglucosinolate ion CH,=CHCH,
2. Gluconapin 3-Butenylglucosinolate ion CH.=CH(CH;);—
3. Glucobrassicanapin  4-Pentenylglucosinolate ion CH,=CH(CH:)»—
4. Glucoibervirin 3-Methylthiopropylglucosinolate ion CH;S(CH;);—
5. Glucoiberin 3-Methylsulphinylpropylglucosinolate ion CH;SO(CH;);—
6. Glucoerucin 4-Methylthiobutylglucosinolate ion CH;S(CHa)4—
7. Glucoraphanin 4-Methylsulphinylbutylglucosinolate ion CH;SO(CH,),—
8. Glucoalyssin 5-Methylsulphinylpentylglucosinolate ion CH;SO(CH))s—
9. Gluconasturtiin 2-Phenylethylglucosinolate ion CsHs(CH2)a—
10. Progoitrin 2-Hydrovy-3-butenylglucosinolate ion CH.,==CH-CH-CH,—
I
OH
_
7 I ' CH,~
11. Glucobrassicin 3-Indolylmethylglucosinolate ion N N
H
Ui
12. Neoglucobrassicin N-methoxy-3-indolylmethylglucosinolate ion =~ N
|
OCH,

Since fodder rape and marrow stem kale have attracted an increasing interest as fodder
crops in Sweden during the past ten years, these types were included in the present investiga-
tion. A variety of forms of B. oleracea are used for human consumption. Such horticultural
types were also included as they offer good opportunities of investigating the qualitative and
quantitative variation within a species. Since B. napus has originated from a cross between
B. oleracea and B. campestris and actually contains the sum of chromosomes of the parent
species it was also of interest to examine the thioglucosides of B. campestris.

The thioglucosides of the seeds of most of these species have been examined by other
investigators,> 6 and this investigation was, therefore, limited to the vegetative parts of the
plants. In some cases those parts have been the subject of earlier investigations (sec Table 2).

Paper- and thin-layer chromatography were used in the qualitative investigations. For
scmi-quantitative determinations spectrophotometric methods were applied.

RESULTS
Qualitative Determinations

The chromatographic evidence for presence or absence of a substance should be inter-
preted with some caution. The quantity of sample which can be applicd to the paper is deter-
mined by the amount of major substance present and it is often difficult, therefore. to detect
minorcomponents. The data obtained in the chromatographic work (Table 2) were compared
with previous results outlined in Table 1.

5 K. A. JEnseN, J. Contt and A. KJAER, Acta Chem. Scand. 7, 1267 (1953).
¢ M. G. ETrLINGER and C. P. THOMPSON, Final Report to Quarter-master Rescarch Engineering Command,
Contr. D4 19-129-Q M-1689 (1962).



1619

Distribution of thioglucosides in different parts of Brassica plants

rA S £ 81 Jueary sunIey
Zrie’y 100831y oned
Zrnsy Jusdy g
TLIT016°Ls 1 ey 100y «BI0IqIA ‘TeXsBuraIeD),,
AR I sy vamey
sl Jusy sjonag
ZrsI ey wANg
ZII's‘9s 1 joag 00y wHisnyssow ‘Boyareyy,, edsizy °§ ] BIRIIOY] "TeAqns "D(Y L[eYdaoR "TeA
A8 1IN oesalg eomrey
AN I8 S JussaIy sjonay
TV 1 01 °6 s "(s0onn) T Juseary wag
ZIIIoIs L st sy 1009 «OT8% WV MOLRN,,  SIPHIA °} “T02935g wuejd “Teaqns *O(Y werdeoe <rea
I r4} - paxodal JoN K1 Breydooe “rea
oL 03831y TRy
otz sy sjonag
AR E I A A e wNg
TLIroL'6L9T 1 s 100y Apm] ‘TION Wiox) op¥Y PIIM ] SUISOATS “TRA
1 VIODII)0 VIXSDIY
6 9T ooy wmoBoys vy doy oidmg TN vondel <rea
ZLIro16 8 L et Joaealy oy
ZI'L01‘6'8°€T NG sjoneg
ZIIIoI'68°LET Jueeg 100y oYquyy D P "H VIS0 "IrA
rerior's's’e e ey
1101 ‘68 ‘¢ yuosary s[onay
Iror's'e‘Ls Jusely s
ZIrror's‘s Jussdry j00y 1150
016°¢°T o1 sjuepd geasg dram) pam ] spusadiund DojssvIg
ZUIr'oreee'T Jusey By
ZIIT'0E'6°8°€°T 0281 Y sjonag
ZI'ITo1'6°9°LeT Jucsany mang
ZII1°07 6 ‘8 °L s “(s0em) T FL o 00y BUOMIS AS
01°6C 6 Pod
o1'ee 6 Jeoy
0167 6 g
01%6'$'e 6 100y Presouosg D ¥ "H BINI0 uvA
*1 sndiu vossoIg
»850pIsOONBONY L opny  §ioed jo weg LB sopady

DIOVI0 * ANV Spassadumo g ‘sndou DRSSPI NI SKOSOONTOOIHL 10 SNOLLYORISIANT SALLY.IIVAD) ‘7 V],



(o]
—
-
~
~
-
LN
-

b T} OV\“Q

-
NS N2y

(o]

al

=

=

-

~
NG

Py

@ ey eN

8 P

8 o

g

g

o~
e
Ny
w0

-
-

-~
-

PSS
U2 2R 2N o
-

-

~
—
oy
o~
N~

- =
o™ .
N~

b

~

-

—
~

~

E. JOSEFSSON

-
-

(‘“cb\l\v-'v—!—l—'l\v———u\’.v\\\—‘\—!\—\\oﬁ-r\

PRIVt
]
N~
RIS -

t~

-

N

.
©1\0

t~ 0~ O\ vt o=t v
-
-

‘JuIPIUN U0 ‘27 1] *
zr ‘e’
zZriior'eLsye’

.

—— A - ) N YO

"

~

+S3pISOON SOy L

Juasalg
JUSsIIG
Ju3sALJ
jussag
JU2SIIJ
pic VR
pLiG 18]
plic -1
U
plic = VR

41

£l
JusAY
JudsaLg

JuIsAg

Joyiny

3j0133,
wag
1009
ruIE
aon0d
woag
100%
PEsH
eUIwe]
donsd
wag
1009
Pe3H
eaiwe
sondd
was
100y
pesH
BUIWE]
sonad
wag

Mo
had 0+

j00y

"eaLr
Lt 9

eulurey
ajonad
wans

1004

sued ysaig
sied usaIn
euture§
sponad
jo0y

§ueyd jo ued

ungy

ystue(q a8ie]
paulodal joN

BIU32ID)

Ia1uiA Ia8twy

pauodal joN
paltodal JoN

9)1I0UI), WO 3Ly PAIBANND)

KB

*7] S1AN0Q “aeA

Nouald BT “1ea

JONUDZ eIl “aeaA

sa1vadg

1620

panunuolI—'7 19V,

av il
9



1621

Distribution of thioglucosides in different parts of Brassica plants

*$97BUBADOIY}081 [INQONAYIAW PUB [AGISUOTAISW ‘[KING-u ‘[Aqyswt BUIP[IIK sapisoon|Bory osje suoday §
“UNIMSBUCON|S JO WOINIAqooNTB 9q KB gorgm jods e osye s110day |

pazioife)t are spunodwod Joley °[ 9[qBL UT UMOYS SPUNOdUIOd 0} JOJaJ SISqWNN o
*USAPIW SUIPN[IXS BUILIE] O} , BUTUY],, UOIssaIdxa 3y} puB ‘uraapru pue ojonied 03 §19J31 ,,ojonad,, uomssardxa ayy, §

IreLsT
TLIrL'se
Irorz'sc'

TLAr'oI'6°LS T
ZETTOL6°L°9'S T
1

:.1:

rA A A
(44 ‘Irorsr
TLIT016's T
TLIr‘or6’s‘r
s

rA 0§ O §
TSI

T :
ZEN6LSP'T L
b oA A |

(A |

1

6

QIS

rA % f B ¢

A8 I8N §

(41 : 3
rr'e‘s'vr
L's

I

JusAd
jussald
Jusald
JudsAld
Jussld

136 d

plet 00, g

PeH
vutrey
Sjonad
wxNg
o0y
PBH
PedH
suure]
s[onad
wANg
100y
PEOH
Butwre]
doned
ws

Rl ). §
PEOH
PedH

PBH

jooy

PeH
suTre
sjonsd
wNg

00y

sired uso1n
sururey

V I1uim
parodal JoN

q81y JoBewy

JasIBUIY
juelsisay sUIey
JUBISISA
SMO[[9X pue Je[n8al vzueuog
pauodal joN
u2on) AosIof

ooo—.g h°>ﬂm ”
pauodal JoN

] ®IQNI °j Byejdes “rea

eq[e 5 mBided TeA

vigides -aeA
eq[e °} meydes ‘rea
1 Byendes ‘IeA

* BpnEqEs "JeA



1622 E. JOSEFSSON

Although Silona rape originated from a cross between Lembke turnip rape and marrow
stem kale, its pattern of thioglucosides corresponds entirely to the former parent. Like most
other types of B. oleracea, marrow stem kale differs from Silona and Lembke in containing the
thioglucosides sinigrin and glucoiberin with 4-carbon aglucones. The thioglucoside contents
of B. oleracea var, gongyloides and var. gemmifera diverge from the common B. oleracea
pattern in that both varieties contain glucoraphanin (with a S-carbon aglucone), while var.
gemmifera contains two other thioglucosides with S-carbon aglucones, viz. gluconapin and
progoitrin. In some cases glucoiberin and glucoraphanin were found together and in var.
botrytis, variety Greenia, glucoiberin in the laminae and glucoraphanin in the other parts.

Often a larger number of thioglucosides have been found in the roots than in other parts
of the plants. This was not generally due to the fact that the thioglucoside content usually is
larger in the root (see Table 3). Gluconasturtiin was found in the roots of all plants investi-
gated where it was often the dominating thioglucoside. Thisisin good agreement with obser-
vations reported in literature.!

The thioglucosides sinigrin, gluconapin and glucobrassicanapin, with four, five and six-
carbon atoms in the aglucone respectively, differ from glucoiberin, glucoraphanin and gluco-
alyssin only in that the latter thioglucosides carry a CH3;SO-group on the 4-, 5- and 6-carbon
chain. The co-occurrence of sinigrin-glucoiberin, gluconapin-glucoraphanin and glucobras-
sicanapin-glucoalyssin was very commonly observed and has also been shown by Ettlinger
and Thompson in Brassica seeds® and for sinigrin-glucoiberin by Clapp et al. in fresh
cabbage.”

Of the thiocyanate-yielding thioglucosides, glucobrassicin and neoglucobrassicin, the
former seems to be the most widespread and with two exceptions was found in all samples
investigated. In most cases it was the dominant compound; in the roots neoglucobrassicin
often occurred in larger quantity.

Semi-guantitative Determinations

From Table 3 it is obvious that the rape Silona had a relatively high content of both
progoitrin and isothiocyanate-yielding thioglucosides. The turnip rape Lembke contained
less progoitrin but much of the latter thioglucosides. These observations correspond to
results commonly found in investigations on seeds of rape and turnip rape. The marrow stem
kale had comparatively small amounts of these groups of substances. Among the forms of
B. oleracea only the wild kale, var. gemmifera and var. capitata f. rubra contained consider-
able amounts of progoitrin. The apparently high contents of this goitrogenic compound in
the heads of the two latter subspecies, which are cultivated as food, deserve special attention.
Several of the B. oleracea forms seem to be quite free from progoitrin in the vegetative parts
of full-grown plants. B. oleracea var. gongyloides and var. acephala subvar. laciniata f.
crispa both contained fairly large amounts of isothiocyanate-yielding glucosides and the latter
form, like var. acephala subvar. plana f. viridis, contained large amounts of thiocyanate-
yielding glucosides in the laminae. These glucosides were dominant in var. botrytis and sab-
auda. The wild kale studied and var. gemmifera contained considerable amounts of all three
groups of substances. Chihili had a much lower thioglucoside content than the other B.
campestris variety, Lembke.

? 1}9 SCQ.)CLAPP, L. LoNG, Jr., G. P. Dateo, F. H. BisSert and T. HASSELSTROM, J. Am. Chem. Soc, 81, 6278
( .
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The larger amounts of isothiocyanate-yielding glucosides in the root are in good agreement
with other investigations.? The roots have a larger dry matter content than the other vegeta-
tive parts of the plant. However. even when the isothiocyanate content was calculated onadry
matter basis, the roots still showed the largest content. Gluconasturtiin, especially. appeared
in large quantities in the root.

The content of the isothiocyanate-yielding glucosides was on the average about the same
in stems, petioles and laminae. The two latter parts contained less of progoitrin than the stem.
The thiocyanate-producing glucosides occurred in about the same quantity in the petioles as
in the stems while the content was larger in the laminac. roots and heads.

DISCUSSION

In the investigations of thioglucoside patterns in Brassica species, reported in literature,
only Trzebny? in his investigation of B. napus seems to have analysed all the morphological
parts of the plant (Table 2)*. However, he did not investigate the thiocyanate-producing
glucosides, nor did he separate those giving hydrophilic thioureas. Furthermore he did not
find gluconasturtiin in the green parts, and the varicty examined was different from that used
in the present investigation.

In studies on B. campestris Bachelard '° found glucoiberin as the most hydrophilic gluco-
side. This difference from the present results may be due to different material being used in the
two investigations.

Detailed investigations of thioglucoside pattern of B. oleracea material seem to have been
made only by Bailey et al.!! and by Clapp ez al.” They found glucoibervirin in the heads of
B. oleracea var. capitata f. alba, a glucoside found only in the roots of that form in the present
investigation. Bailey also reports thioglucosides yielding methyl, n-butyl, methylthiomethyl
and methylthiobutyl isothiocyanates, which have not been found in the present investigation.
The first three of these substances do not seem to be reported in other Brassica. Sinigrin
which is reported by Gmelin and Virtanen ! to occur in fresh parts of B. oleracea var. gem-
mifera has not been found in this subspecies in the present study. Prochdzka eral.!> found both
glucoiberin and glucoraphanin in B. oleracea var. gemmifera and sabauda. In the present
investigation only glucoraphanin was found in gemmifera and glucoiberin in sabauda. These
discrepancies may be due to small amounts, or absence, of the missing compounds in the
plant material used in this study. Other thioglucosides reported to be present in vegetative
parts of the species and forms here studied, have also been found in this investigation (Table 2).

A comparison of the present results with those of Ettlinger and Thompson® in their
investigation on seed material is of interest but has to be interpreted with some caution. since
the varieties were not the same in the two studies. As a rule the same thioglucosides have been
found in the seeds as in the vegetative parts of the plant but some exceptions occur. The most
prominent difference is that gluconasturtiin occurs in large quantitics in the root and often

* Scveral authors have only examined one thioglucoside in Brassica species. In order not to make Table 2

too complicated, these refercnces are excluded. Consequently certain papers demonstrating the presence of a
particular thioglucoside in a speciss for the first ime are excluded.

8 E. P. LICHTENSTEIN, D. G. MorGaN and C. H. MUELLER, Agr. Food Chem. 12,158 (1964),
° W. TrzEBNY, Pamigmik Pulawshi 8, 315 (1962),
1 H, S. Bacurrarp and V. M. Trikoius, Australian J. Biol. Sci. 16, 147 (1963).
11'S, D. BaiLey, M. L. BazineT, J. L. DriscoLt and A. 1. McCartay, J. Food Sci. 26, 163 (1961).
12 R, Gmenan and A, I Virtanes, Acta Chem. Scand. 14, 507 (1960).
13 7. PROCHAZKA, V. §axpa and L. Jirousek, Collection Czech. Chem. Commun. 24, 3606 (1959).
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was found in the other vegetative parts but was absent from the seed or was found there in
very small quantities. Gluconapin usually is the major isothiocyanate-producing glucoside
in B. napus seed while glucoalyssin was predominant in the green parts. Ettlinger and Thomp-
son S reported, however, two varieties of rutabaga seed whieh contained glucoalyssin and not
gluconapin. Seed of B. oleracea var. capitata f. rubra and var. gemmifera contained much
sinigrin but glucoraphanin was more prominent in petioles, laminae and heads. Glucoiberin
was found in seed of var. gemmifera but not in the vegetative parts. Seed of B. oleracea var.
gongyloides contained glucoibervirin and progoitrin which were not present in the vegetative
parts. Relatively more sinigrin and glucoiberin were found in the seed than in the rest of the
plant parts. B. oleracea var. italica contained glucoerucin in the seed and this compound was
found in the root but not in the green parts.

As shown (Table 2) up to nine thiocglucosides have been found in vegetative parts of some
varieties. As these glucosides yield split products with different chemical and physical pro-
perties the analytical work may be very complicated in attempts to obtain crop varieties of
lower thioglucoside content. For thisreasonit would be of value to evaluate one method which
could be used for all the glucosides present. This method may be based on analysis of the
intact glucosides or on one of the split products common to all of them viz. glucose or sulphate.
Analysis of glucose would be too tedious, however, because of the purifying process needed to
remove glucose from other sources than thioglucosides. All the possibilities here mentioned
seem to suggest extraction of the thioglucosides with hot methanol. In species chiefly con-
taining rhodanidogenic glucosides and glucosides yielding volatile isothiocyanates, a com-
bination of thiocyanate analysis according to Aldridge!4 !5 and isothiocyanate analysis
according to Schwarze 16 may be used.

Since B. napus is an allopolyploid of the two species B. campestris and B. oleracea and the
qualitative and quantitative variation in the thioglucoside content appears to be very wide
within the two parent species, there should be at least theoretically good possibilities to
synthesize a B. napus with a low thioglucoside content.

MATERIALS AND METHODS
Materials

Most of the seed material was supplied from Dr, G, Carlsson, Hammenhig. Some varieties were supplied
from the Division of Annual Fodder Crops, Svaldv, which also carried out the field work.

All the reagents used for chromatography were of analytical reagent grade.

The following reference substances were obtained from Calbiochem, Los Angeles: glucoiberin, glucotro-
pacolin and sinalbin. Sinigrin was from Light's, London. Most of the remaining reference substances were
gifts from Professor A. Kjaer, Copenhagen, and Professor A. 1. Virtanen, Helsinki. A crude preparation of
4-methylsulfinylbutyl thiourea was made from seeds of Eruca sativa.

Methods

All experimental material was sown in spring. Plants were harvested at a stage of development most com-
mon in agricultural or horticultural practice. At harvest they were divided into different morphological parts.
The plant parts were cut into pieces, and after mixing samples of 20 or 40 g were taken for the chemical analysis.

From a quantitative point of view there are certainly some errors in the sampling. According to
Schlottman 17 at least thirty plants ought to be harvested in order to get a proper sampling. Smaller numbers of
plants were frequently used in this investigation. As the content of thioglucosides also may be different in
older and younger parts of the plant,!® samples of 20 or 40 g may be too small to be fully representative.

14 W, N. ALDRIDGE, Analyst 69, 262 (1944).

15 W. N. ALDRIDGE, Analyst 70, 474 (1945).

16 P, SCHWARZE, Der Ziichter 17-18, 19 (1946).

17 H, SCHLOTTMANN, Qualitas Plant. Mater, Vegetabiles 10, 301 (1963).
18 R. GMELIN and A. L. VIRTANEN, Ann. Acad, Sci. Fenmnicae A 11 (1961).
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The thioglucosides were extracted from the samples with boiling methanol of analytical reagent grade for
15 min in order to prevent enzymatic splitting of thioglucosides during extraction.!® The pieces were then
homogenized in the methanol, filtered and the pulp re-extracted with boiling 809¢ methanol for 10 min.
After filtering the pulp was re-extracted a second time.

The combined filtrates were evaporated in vacuo at 30° to about 10 ml, and the solution filtered through
Hyflo Super Cel, to remove the chiorophyll. The Super Cel was washed with 100 mi of water, and the filtrate
was evaporated in vacuo at 40° to about 30 ml.

For semi-quantitative determinations the thioglucosides were divided into three groups according to their
split products: those giving either isothiocyanates, or the thiocyanate jon, or oxazolidinethiones. Oxazoli-
dinethiones were estimated by spectrophotometric measurement at 248 nm. The isothiocyanates were deter-
mined after conversion to thiourea derivatives, which have a A, at about 250 nm in diethyl ether. The
thiocyanate ion was determined according to the method by Aldridge,!+ 15 modificd by Michajlovskyj and
Langer.1?

Oxazolidinethiones and isothiocyanates were analysed essentially according to Langer.3 The glucosidesin
an aliquot of the Super Cel filtrate were hydrolysed by a myrosinase preparation at pH 7-0, and the liberated
isothiocyanates and oxazolidinethiones extracted with diethyl ether. The isothiocyanates were converted to
thiourea derivatives with ammonia and the sum of thiourea derivatives and oxazolidinethiones was determined
spectrophotometrically. The quantitative determinations of oxazolidinethiones were made on another aliquot
of the ether solution.

The non-volatile isothiocyanates iberin, sulphoraphan and alyssin are more hydrophilic than the volatile
ones and are not quantitatively extracted by diethyl ether. For that reason the results for the thioureas will be
somewhat low,

A second part of the ether solution of thiourea and oxazolidinethione which was not used for quantitative
determinations, was evaporated to dryness and the residue dissolved in ethanol. This solution was used for
chromatography of thioureas and oxazolidinethiones.

In order to prepare solutions of the thioglucosides for chromatography 10 mi of the Super Cel filtrate was
passed through a column of aluminium oxide (7 g). After washing with water the glucosides were eluated by
1% K,S0;. The eluate was evaporated to drvness in vacuo and the glucosides dissolved in 10054 methanol.

Glucosides were analysed qualitatively on paper chromatography and thioureas on paper and TLC. The
glucosides were chromatographed on Schicicher & Schiill 2043 mgl paper, using the top phase of the mixture
n-butanol:ethanol: water, 4:1:4.29.2t Two methods were used for the detection of the thioglucoside spots:
(a) The papers were dipped into a solution of 400 mg silver nitrate, 10 ml concentrated ammonia and methanol
to a total volume of 400 ml.22 After drying at about 120°, the papers were dipped into the reagent solution
again and dried to a dark brown colour. The papers were then dipped into 0-4 N nitric acid and washed with
water. The glucosides were seen as grey-blue spots. Glucotropaeolin was used as a marker. {b) The thio-
cyanate yielding glucosides glucobrassicin and neoglucobrassicin were detected by hydroly sis with myrosinase
solution and subsequent spraying with ferric nitrate.!3 Glucobrassicin served as a marker,

Since neoglucobrassicin and free rhodanid which may be present in the sample as an artefact, show similar
Rp-values in the chromatography system used. the indole reagent p-amino-benzaldehyde ¥ was used for detect-
ing the spots in all cases when the presence of free rhodanid was suspected.

The thiourea derivatives were chromatographed on Whatman No. 1 paper. Two systems were used on all
samples: (a) Water-saturated chloroform, essentially according to Kjaer and Rubinstein?? but with the des-
cending technique. The equilibrating period was at least 1 hr and the developing time 70 min, The spots were
detected in u.v.-light (325 nm) and by use of Grote's reagent.®* Phenyl-thiourea was used as a marker. (b) In
order to separate the hydrophilic thioureas of iberin, sulphoraphan and alyssin, the thioureas were chromato-
graphed in n-butanol:toluene:water, 3:1:1, according to Ettlinger and Thompson.” Ascending technique
was used. The papers were equilibrated for at lcast 2 hr and developed for 6 hr. The same detecting methods
were used as above. The thiourcas of iberin, sulphoraphan and alvssin werce used as reference substances
besides phenylthiourea.

Frequently the system toluene:acetic acid:water, 5:2:4,” was used in order to separate such thioureas
which have high R-values in water-saturated chloroform,

The thioureas were also analysed on TLC, where the limit of detection 1s much lower than on paper
chromatography. This was especially valuable for detecting vinyl-oxazolidinethione. Silicagel plates were
used and the solvent was chloroform:ethanol, 9:1. The spots were detected either with Grote's reagent, or by
spraying successively with a solution of starch and a solution containing sodium azide and iodine.?® In some
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cases silicagel GF,s, was used when preparing the plates and the spots were detected in u.v. light besides by
spraying reagents.

For identification purpose, solutions of all the thioglucosides found in Brassica, or thiourea derivatives of
their split products were run as marker substances when needed, besides the reference substances mentioned
above.
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