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INTRODUCTION

Fresh or processed radishes, possessing a
pungent flavor and taste, have been cherished
as one of the favorite vegetables?, The yearly
production and the daily consumption of ra-
dishes rank second to those of Chinese ca-
bbages in Korean?,

It is well known that fhe pungent flavor
of cabbages belonging to the Cruciferae
family, is attributed largely to the isothio-
cyanates formed from the enzymatic hydro-

lysis of glucosinolates, and partially to the
volatile sulfides and thiazoles produced non-

enzymatically.
Thioglucoside
/SCsHuOs glucohydrloase
R—cCg +H;0 —————> RNCS +CgH,206
N NQOSQO,- (myrosinase) +HSO4~
isothiocyanate

R==alkyl, alkenyl, benzyl, etc.

While the research on the flavor compo-
nents of cabbages commonly used in the
Western countries has been active, the reports
concerning those of radishes are limited to a

few, and none in Korean.



34 Mee Ree Kim and Hei Soo Rhee

The earlier researchers who had used the
steam distillation method to isolate the pung-
ent sulfur volatiles had reported inconsistent
data®*®, until Friis et al.® reported the
pungent principle in the CCl, extract of radish
was 4-methylthio-3-butenyl isothiocyanate.
Recently, Kjaer et al.*® reported the iden-
tification of several volatile components from
radishes of Japanese and Kenyan origin.

In this investigation, sulfur volatile com-
pounds in radishes were isolated by steam
distillation method and CCl, extraction me-
thod and characterized by GC-mass spectro-
metry to obtain the basic data for the next
study, and to compare the sulfur compounds
isolated by two methods.

EXPERIMENTAL

Radish material: Whole, fresh radishes
(var. ‘Taeback’, weight about 1. 5 kg and var.
‘Altali’, weight about 50g) were purchased
in the ‘ShinLim’ market during summer,1985.

Preparation of steam distillate from the
radish®: The radish was ground to a pulp
with water (1//kg radish) in a Waring blender
and subsequently subjected to steam distilla-
tion. The distillate was received under reduced
and then
saturated with sodium chloride and extracted
with ether.

pressure in ice bath for 3hrs.,

After drying the ether extract over anhy-
drous sodium sulfate, the ether was slowly
removed by distillation through a 30-cm
Vigreux column. The almost ether-free yellow
o0il residue was transferred into GC wvial,
dried further under nitrogen gas, and imme-
diately subjected to GC/MS analysis.

Preparation of CCl, extract from radish®:
300 g of sliced radish in the hot carbon tetra-
chloride (300 ml)

was boiled wunder reflux

condenser for 30 min, while shaken intermi-
ttently. The final extract was vacuumeva-
porated at 33°C after dehydration over anhy-
drous sodium sulfate. The yellow oilish residue
was dissolved in ether and transferred into
small vial. The sample was dried under
nitrogen gas.

Gas Chromatography-mass spectrometry
(GC/MS)**®: Analyses were performed on a
JEOL DX-300 double focusing GC/MS spectro-
meter, equiped with glass packed column
(i.d. 4.6 mmx1m) which was packed with
1% OV-1 on Chromosorb W. Temperature
of injector were 230°C for both steam disti-
llates and CCl, extract. Column temperature
for the steam distillates was 20~230°C and
the increase of temperature was 10°C/min.
Column temperature for the CCl,~ extract
was 80~250°C and the increase of temperature
was 15°C/min. Temperature for transfer
lines and separator was 240°C and that of
ionization chamber was 200°C.

RESULTS

When the steam distillates from radishes
of both types were subjected to the GC/MS
analysis, at least nine compounds containing
sulfur atom were obtained as shown in Fig.
1 & 2, and the structural formula of the
respective peak is presented in Table 1. In
addition, the GC/MS analysis of steam disti-
llates from both types of radishes provided
the quite similar GC profiles of the (volatile
components, suggesting that these two di-
fferent varieties of radishes may have the
same biogenertic origin., The CCl, extract of
the “Taeback” radish was also analyzed by
GC/MS spectrometry.

Structure of peak I and II: Peak I was
identified as dimethyl disulfide by the mass
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7ig. 1. Gas Chromatograms of Volatiles from
Fresh Radishes.
‘1) Steam distillate of ‘Taeback’ Radish
(2) Steam distillate of ‘Altali’ Radish
{3) CCl, extract of ‘Taeback’ Radish

spectrum which showed ions at m/e 94(M?*,
molecular ion), at m/e 79(M*-15, loss of
-CH;), and at m/e 45 in a good agreement
with the spectrum reported previously®?,
The production of dimethyl disulfide was also
observed in the CCl, extract of radish. Peak
1I was identified on the ground of the mass
spectral fragmentation pattern of dialkyl
trisulfide showing the molecular ion at m/e
126 and other characteristic ions at m/e 111
(m+-15, loss of :CH,), at m/e 79(M*-47,
loss of -SCH;), and at m/e 47(-SCH,),
similar to the one reported by Block et al®),
Based on these results, peak II was assigned
the structure of dimethyl trisulfide. Thege
dimethyl sulfide compounds were observed to
be present in both types of radishes.
Structure of peak III and IV: The charac-
terization of peak III, supported by the reports
of Kjaer group®, was founded on its mass
spectrum: molecular ion at m/e 132 and
other prominent ions at m/e 103(M+*-29, loss

of -C,H,), at m/e 85(M*-47, loss of -SCH,),

Table 1, Mass Spectrometric Identification of
Sulfur Volatiles from the Radishes of
Korean Origin

Peak Molecular Structural Formula

No. Weight
94 CH;—~S—-S—CH,
I 126 CH3;—S-—-S—S—-CH,
132 CH;~S—CH,—CH,~C(0)—
CH,—CH;
W 143 CH; —CH(CH,)--CH,—CH,—CH,
—NCS
v 127 CH;—S—CH=CH-—CH,—CH,—CN
kil 147 CH;—S—CH,—CH,—CH,—NCS
I 159 CHs—SS~CH;CHfCH2~—CH2
i 161 CH;—S—CH,—CH,—~CH,—-CH,
—NC§
X 175 CH;—S-CH,—CH,—CH,—CH,
—CH,—NCS$
X 175

CHy—5(0)—~CH=CH—CH,—CH,
—NCS
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Fig. 2. Mass Spectra of Volatile Sulfur Components from Radishes.

at m/e 75(M*-57, loss of -COC,H;), at m/e
61(-CH,SCH,), at m/e 57(-COC,H;), and at
m/e 47(-SCH,),
spectrum of the synthetic specimen, 1-me-

compatible with the mass

thylthio-3-pentanone.

The identity of peak IV was established on
the basis of the comparison of its mass
spectrum with that of an authentic sample®:
molecular ion at m/e 143 and other prominent
ions at m/e 128(M*-15, loss of -CHj;), at
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m/e 100(M+-43, loss of CH,—CH—CH,), at
m/e 72(-CH,NCS) and m/e 43(CH,—CH—
CH,). Based on these results, it was named
as 4-methylpentyl isothiocyanate.

Structure of peak V and VI: Peak V was
characterized as 5-(methylthio)-4-penteneni-
trile by comparison of its mass spectrum
with that of authentic sample¥ which exhi-
bited the prominent peaks at m/e 127 (mole-
at m/e 87(M*-40, loss of -CH,
CN), and at m/e 53(-CH,=CH—CN), The

occurrence of the nitrile suggests the presence

cular ion),

of the corresponding isothiocynate. The iden-
tification of peak VI as 3-methylthiopropyl
isothiocyanate was founded on the comparison
of its mass spetrum with that of an authentic
specimen®: molecular ion at m/e 147 and
other characteristic ions at m/e 101(M*-46,
C,H,NS-, rearrangement fragment), at m/e
72(-CH,SCN), and at m/e 61(-CH,SCH,).
The presence of the compound in both types
of radishes suggests that two varieties of
radishes have the same biosynthetic pathway.

Structure of peak VII and VIII: The major
peak was expected to compose of two com-
ponents as the shoulder of the peak demons-
trates in Fig. 1. This observation was su-
pported by selected ion monitoring at m/e 159
and 161. The front part(peak VII) of the
peak was found to correspond to 4-methylthio
-3-butenyl isothiocyanate upon the comparison
of its mass spectrum with that of an authentic
specimen. The molecular ion at m/e 159 and
other characteristic fragmentation ions at m/e
144 (M*-15, indicative of the loss of methyl
group), at m/e 87(CH,—S—CH=CH—CH,-)
corresponding to the base peak, and at m/e
72 characteristic of alkyl isothiocyanate were
observed in a good agreement with the mass
spectrum published by Kjaer et al.%!» On

the other hand, the back part of the peak

was identified as 4-methylthiobutyl isothio-
cyanate on the basis of the mass spectrum
analysis: molecular ion at m/e 161 and other
ions at m/e 115(M*-46, C,;H,NS-, rearrange-
ment fragment), at m/e 100(M*-61, loss of
-CH,SCHy), at m/e 72(-CH,SCN), and at
m/e 61(-CH,SCH,). In the distillates of two
types of radishes, it turned out that peak VII
and peak VIII was overlapped. Selected ion
monitoring of that peak at m/e 159 and 161
indicated that the ratio of 4-methylthio-3-
butenyl to 4-methylthiobutyl isothiocyanate
was approximately 1 to 12 for the ‘Taeback’
radish and 1 to 4 for the ‘Altali’ radish. It
was also observed that the amount of 4-
methylthio-3-butenyl isothiocyanate in the
distillate from the °‘Altali’ radish is above
four times higher than in the distillate from
the ‘Taeback’ radish. On the other hand, the
predominent product in the CCl, extract of
the ‘Taeback’ radish was found to be 4-me-
thylthio-3-butenyl isothiocyanate by recording
the mass spectrum at various scan numbers
of the major peak, similar to the observation
by Friis at al®,

Siructure of peak IX and X: Peak IX,
which came out last in the GC profile of
the steam distillate, was characterized as 4-
methylthiopentyl isothiocyanate in its mass
spectrum analysis!®: molecular ion at m/e
175, and other fragmentation ions at m/e 160
(M*-15, loss of -CH,), at m/e 129(M+-46,
CsHNS-, rearrangement fragment), at m/e
114(M*-61, loss of -CH,SCH,), at m/e 101
(M*-46-28, additional loss of -C,H,), and at
m/e 61(-CH.SCH,). Although the peak IX
from the steam distillates was contaminated
with the unidentified compound the peak IX
from the CCl, extract showed the presence
of the single component of 4-methylthiopentyl

isothiocyanate. Peak X, which is more polar
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than peak IX, was obtained as one of major
peaks in the CCl, extract only. The identifica-
tion of the peak as 4-methylsulfinyl-3-butenyl
isothiocyanate, confirmed by the mass spec-
trum of authentic specimen!”, was based on
the mass spectrum analysis: molecular ion
at 175, and other ions at m/e 159(M*-16,
loss of oxygen), at m/e 119(M*-C,Hg%), at
m/e 112(M+-CH,S0%), at m/e 87(-CH,—CH=
CH—S—CH,), and at m/e 72(-CH,SCN).

DISCUSSION

Comparisons of the sulfur volatiles present
in the ‘Taeback’ and ‘Altali’ radishes, as
shown in Fig. 1, exhibit a similarity in their
components. Whereas the sulfides, dimethyl
disulfide and dimethyl trisulfide, are present
as a minor part, the isothiocyanates constitute
the major portion of the total sulfur volatiles.

The presence of dimethyl disulfide, repor-
tedly derived from methanethiol, in both the
steam distillates and the CCl, extract suggests
that dimethyl disulfide or at least methanethiol
may be present in the fresh radishes.

Since the amount of dimethyl disulfide or
dimethyl trisulfide is small, and the dimethyl
sulfides are known to contribute little to the
pungent flavor, the isothiocyanates are re-
garded as responsible for the typical fresh
radish flavors.
4-methylthio-3-
butenyl isothiocyanate and 4-methylthiobutyl

Among isothiocyanates,
isothiocyanate were found to be major cons-
tituents, and the other isothiocyanates, na-
mely, 4-methylpentyl 3-methylthiopropyl and
5-methylthiopentyl isothiocyanates were minor
ones.

4-methylthio-3-

was reported to be

In earlier papersh®®,
butenyl isothiocyanate

responsible for the pungent flevor as a major

NEECELEE

one. However, our results with the steam
distillate show that the steam distillation
resulted in the loss of the pungent flavor on
the basis of the senosry test, and the quan-
titatively predominent component turned out
to be 4-methylthiobutyl isothiocyanate rather
than 4-methylthio-3-butenyl isothiocyanate.
This discrepancy might be explained by the
assumption that steam distillation may cause
the hydrolytic decomposition of 4-methylthio-
3-butenyl isothiocyanate. This was supported
by the observations that the organic solvent
(CCl,) extraction gave rise to the very high
yield of 4-methylthio-3-butenyl isothiocya-
nate, as a major one, and the pungency was
maintained during extraction procedure. In
further studies, the pungent compound was
found to be unstakle in the acidic or neutral
aqueous system!®, These results reaffirm
that the pungent flavor of radishes is due to
the presence of 4-methylthio-3-butenyl
isothiocyanate.

Consistent with the sensory evaluation that
the ‘Altali’ radish had more pungent flavor
than the “Taeback” radish, the amount of
4-methylthic-3-butenyl isothiocyanate was
found to be higher in the ‘Altali’ radish than
in the ‘Taeback’ radish, based on the GC/
MS analysis. It is interesting that 4-methyl-
sulfinyl-3-butenyl isothiocyanate was isolated
as one of major products in the CCl, extract.
Also, it is first observation that radish roots
contain the significant amount of 4-methyl-
sulfinyl-3-butenyl isothiocyanates, although
this compound was reported as a major iso-
thiocyanate constituent in the radish seeds!®,
This S-oxidation pathway may be one of the
catabolic routes of 4-methyl-thio-3-butenyl
isothiocyanate. Interestingly, 4-methylthio-
pentenyl nitrile was not found in Japanese

radish, but was observed to be present in
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Korean radishes.

In addition, the detecticn of this nitrile
compound is an indicator that isothiocyanate
glucosinolate is hydrolyzed in part to nitrile
aglycone, as explained by Nacleod et al'®,

The present study shows that two dimethyl
sulfides at least five isothiocyanates are
components of the volatile flavor in both
types of radishes, and that the patterns of
major isothiocyanate volatiles vary with the
method of sample preparations, namely steam
distillation and CCl, extraction.

Further studies concerned with the flavors
of processed radishes and the catabolism of
the pungent principle according to the proce-

ssing methods are encouraged.

Summary

The volatile sulfur components from two
varieties of radishes(‘Taeback’ and ‘Altali’),
obtainzd by steam distillation and solvent
(CCl,) extraction, were isolated and charac-
terized by GC/MS analysis.

The GC profile of the volatile sulfur com-
pounds in the steam distillates from two
types of radishes was quite similar. 4-Me-
thylpentyl, 3-methylthiopropyl, 4-methylthio-
3-butenyl, 4-methylthiobutyl and 5-methyl-
5-methylthio-4-

pentenenitrile, 1-methylthio-3-pentanone, and

thiopentyl isothiocyanates,

dimethyl sulfides were commonly identified.
In the CCIl, extract, 4-methylsulfinyl-3-bu-
tenyl isothiocyanate was obtained as another
major constituent.

Whereas 4-methylthiobutyl isothiocyanate

was found to be a predominent component

in the steam distillate, 4-methylthio-3-butenyl
isothiocyananate was a major one in the CCl,

extract.
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