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Abstract—The constituents of the steam volatile oils from two kinds of Allum fistulosum, A fistulosum var
caespitosum and A chinense, have been 1nvestigated by GC and spectral techmques (IR, UV, GC/MS, 'H NMR and
13C NMR) The compounds identified from the neutral fraction of each volatile o1l included sulphides, thiolanes,
alcohols, aldehydes, ketones, furanones and others Among the sulphur compounds, dipropyl disulphide comprised ca
289% of A fistulosumoil, ca 23 %, of A fistulosumvar caespitosumoil and ca 309, of A chinenseoil A fistulosum o1l was
characterized by a large quantity of tridecan-2-one (ca 52 9%,) and 2,3-dihydro-2-octyl-5-methylfuran-3-one {ca 16 7,)

Also, a large amount of 2,3-dihydro-2-hexyl-5-methylfuran-3-one (ca 209,) was 1solated from A chinense o1l

INTRODUCTION

Allum species possess characteristic odours and most of
them have been used for foods A fistulosum, A fistulosum
var caespitosum and A chinense, which are extensively
cultivated 1 Japan, have been consumed as vegetables or
spices A fistulosum 1s classified roughly into ‘white negr’
having sheaths whitened by earthing up and ‘negr’ having
green leaves White sheaths and green leaves of A.
fistulosum are edible A fistulosum var caespitosum
(wakegt) 1s presumed to be a variety of negi and A4
chinense 1s called ‘rakkyo’

A number of mnvestigators using GC/MS have reported
on the volatile flavour components of various Allium
species, such as onion [1-3], shallot [4], garlic [5], chive
[6], caucas [7], leek [8] and mra [9] The constitution,
formation and ongin of Allium flavour components have
also been reviewed [10, 11] The characteristic odours of
Alhum species are due to sulphur-containing flavour
components It has been shown that the sulphur com-
ponents are formed by enzymatic decomposition of S-
alk(en)yl-L-cystine-S-oxides [alk(en)yl propyl, trans-
prop-1-enyl, allyl, methyl] present as flavour precursors
[12-15] The separation and identification of sulphides
from some Allium species contaiming A fistulosum and A
chinense have been carried out by Saghir et al [16), but
they did not report on the volatile components except for
the sulphur compounds

In previous papers, we reported on the eight main
components from A fistulosum var caespitosum [17] and
new sulphur constituents from A cepa [18] and 4
schoenoprasum [19] This paper describes the constituents
of the neutral fraction of the steam volatile oils from negi,
white negi, wakeg: and rakkyo A comparison of the
characteristic components 1n the above four samples 1s
also discussed

RESULTS AND DISCUSSION
Stem volatile oils from the four plants were obtained by

steam distillation of each leaf and white sheath, and
fractionated to neutral components by 59 sodium hy-
droxide solution extraction The netural fracttons were
examined by capillary GC and chromatographed over
silica gel, using hexane, hexane—diethyl ether (49 1),(4 1),
(1 1), and diethyl ether as eluants, successively Large GC
peaks of separated fractions were 1solated by preparative
GC and identified by comparing their R,s, IR, mass
spectra and 'H NMR spectra with those of authentic
compounds Identification of small peaks was confirmed
by comparison with R, values and mass spectra of
authentic compounds The 1dentified components and
methods are presented 1n Table 1 and accounted for ca
66, (neg1), 939, (white negi), 739, (wakegi) and 949,
(rakkyo) of the total peak area of the neutral fractions
Classification based on functional groups 1s also sum-
marized in Table 2

Sulphur compounds were present 1n large quantities m
oils from neg1 (ca 40 %), wakegi (ca 47 %) and rakkyo (ca
51%;) These Allum plants were stmilar in constitution to
sulphur compounds Negi o1l contained mainly sulphides
having a propyl group, such as dipropyl disulphide (ca
289%) and dipropy! trisulphide (ca 4%,) In particular,
dipropyl disulphide possessed an onion-like odour and
has been found 1n many Allium species White negi o1l was
characterized by very large amounts of 2-tridecanone (ca
529,), which has a fruity aroma 2,3-Dihydro-2-octyl-5-
methylfuran-3-one was also 1solated 1n large amounts (ca
16%;) 1n white neg1 o1l Bernhard [20], using GC, has
analysed the constitution of many Allium species He
concluded that the flavour components of 4 fistulosum
consisted mainly of dipropyl disulphide, dimethyl di-
sulphide and methyl propyl disulphude Wakeg1 oil con-
sisted pnimarnily of dipropyl disulphide (ca 23 %), trans-
and cis-3,5-diethyl-1,2,4-trithiolane (ca 7 and 9 %) and 2-
tnidecanone (ca 79%;) Rakkyo o1l contamned a large
amount of dipropyl disulphide (ca 30 ¢/) and 2, 3-dihydro-
2-octyl-5-methylfuran-3-one (ca 20%,) Boelens et al [3]
first 1solated and 1dentified this hexylfuran in omion oil,
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Table 1 Volatile components of Allium species

Peak R, [A] [B] [Cc] [D]
No Component (mun) A % % % Identification
1 Hexanal 26 251 tr tr 40t R, MS
3 2-Methylpentanal 33 099 015 R,, MS
4  Heptanal 38 tr 189 R, MS
5 Methyl propyl disulphide 45 112 tr 065 446 R, MS, IR, 'H NMR
8 Octanal 56 tr tr 139 R, MS
9  Allyl methyl disulphide 58 640 R, MS, IR, '1 NMR
12 1-Hexanol 717 tr tr 037 076 R,,MS
13 Dipropyl disulphide 88 2805 493 2303 3057 R,,MS, IR, 'HNMR
14 cis-Hex-3-en-1-0l 93 086 R,,MS
15 Nonanal 95 tr tr 050 015 R,,MS
18 Methyl propyl trisulphide 104 230 020 030 123 R, MS, IR, 'H NMR
19 1-Heptanol 111 007 131 R, MS
21 Decanal
23 Benzaldehyde 122 013 tr 011 021 R,,MS
24 Methyl pentyl disulphide 132 022 077 035 481 R, MS, IR, '"H NMR
26 1-Octanol 146 tr 013 099 R, MS
27 Allyl methyl trisulphide 152 177 R,,MS, IR, '"H NMR
28 2-Undecanone 156 224 082 431 241 R, MS, IR, 'HNMR
29  Tetradecane 160 064 R,,MS
30  Undecanal 164 014 tr 011 R,MS
32 1-Nonanol 169 tr 021 R,MS
34 Dipropyl tnsulphide 176 359 165 481 038 R, MS, IR, 'H NMR
37  trans-3-Methyl-5-ethyl-1,2,4-trithiolane 179 031 055 07 034 MS, IR, 'HNMR
38 cis-3-Methyl-5-ethyl-1,2,4-trithiolane 185 057 059 141 041 MS, IR, 'HNMR
39 Pentadecane 191 034 R,, MS
40  Dodecanal 193 032 049 R,,MS
41 2-Undecanol 196 065 084 092 027 R,,MS, IR, 'HNMR
43 1-Decanol 203 027 R,, IR
44 trans-3,5-Diethyl-1,2 4-trithiolane 206 153 161 694 022 MS, IR, 'H NMR
45  c15-3,5-Diethyl-1,2,4-trithiolane 211 233 238 925 059 MS, IR, 'HNMR
46 Hexadecane 215 tr R,,MS
47 2-Tridecanone 218 711 5250 745 057 R,,MS, IR, '"H NMR
48 Methyl laurate 220 045 R, MS
49 Tridecanal 227 012 R,,MS
50  2-Phenylethyl alcohol 230 013 R,,MS
51 1-Undecanol 234 077 064 018 R,,MS
52 Heptadecane 240 tr R,,MS
54  2-Tridecanol 247 470 445 131 035 R,,MS, IR, 'HNMR
55 Tetradecanol 259 031 R,,MS
57 2,3-Dihydro-2-hexyl-5-methylfuran-3-one 263 142 072 117 1972 MS, IR, UV, 'H NMR,
13C NMR
58 Octadecane 268 tr R,,MS
59  2-Pentadecanone 272 223 186 166 011 R, MS, IR, 'H NMR
60 Pentadecanal 280 020 R,,MS
64  Nonadecane 297 029 R,,MS
65 Hexadecanal 309 tr  R,,MS
67 Eicosane 311 tr R, MS
69 2,3-Dihydro-2-octyl-5-methylfuran-3-one 315 327 1619 139 552 MS, IR, UV, 'H NMR,
13C NMR
71 Methyl palmitate 327 031 012 103 tr  R,MS
74 Anstolone* 340 053 MS
75 Heneicosane 342 051 R, MS
76 Docosane 365 tr R, MS
80 Methyl stearate 368 015 207 R, MS
81 Tricosane 385 tr R,, MS
82 Methyl linoleate 390 tr tr tr tr R, MS

[A] 4 fistulosum (neg1),[B] A fistulosum (white neg1), [C] A fistulosum var caespitosum (wakegr), [D] A chinense (rakkyo)
The relative concentrations ( %) were calculated on the basis of GC peak areas tr =019,
*Tentative 1dentification
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Table 2 Chemical composition (%) of neutral fractions from the steam volatile oils from Allium

species
A fistulosum
A fistulosum A fistulosum var caespitosum A chinense

Sulphur compounds 4002 1278 4745 5118
Oxygen compounds

Alcohols 642 539 430 447

Aldehydes 284 054 222 933

Ketones 1158 5518 1342 362

Furnanones 469 1691 256 2524
Other compounds 056 239 355 020

and this compound may have been a degradation product
of a fatty acid precursor via the C,,-hydroxydiketone
Peak 74 was tentatively identified as the sesquiterpene
ketone aristolone because 1ts mass spectrum was similar to
that of arstolone reported by Bauer et al [21] m the
essential o1l of Asarum canadense It was thought that 2-
undecanol and 2-tridecanol resulted from biosynthetic
oxidation of odd-numbered ketones, such as 2-unde-
canone and 2-tridecanone

Since Boelens et al [3] have reported that sulphur
compounds 1n onion oil have very low threshold values,
we suppose that a large amount of dipropyl disulphide 1n
the four o1l samples examined i1s one of the main
flavouring constituents All sulphur compounds identified
1n this study can be postulated as enzymatic degradation
products of sulphoxide ammo acids The presence of
sulphides in Allium and their biosynthesis from S-alkyl-L-
cystine S-oxides have been thoroughly discussed by
Schwimmer et al [13, 14] It 1s well known that Allium
sulphur components consist mainly of various combi-
nations of sulphides containing propyl, allyl, prop-1-enyl
or methyl groups and according to differences in these
groups, Allium species can be roughly divided into four
groups propyl, allyl, prop-1-enyl or methy! In our study,
negi, white negi, wakegi and rakkyo are accordingly
classified as the propyl group

EXPERIMENTAL

Samples of two kinds of A fistulosum L., neg (cultivated n
Osaka prefecture) and white negi (cultivated 1n Tottr: prefecture),
were purchased, A fistulosumL var caespitosum (wakegi)and A
chinense G Don (rakkyo) were collected 1n Osaka prefecture and
Fuku prefecture, respectively

Sample preparation. Fresh fohage and stalks of each plant, negi
(10 kg), white neg1 (50 kg), wakeg: (40 kg) and rakkyo (30 kg),
were chopped and steam-distilled After steam distillation, the
distillates were extracted x 3 with purified Et,0, the Et,O solns
dried (Na,SO,) and freed of solvents in vacuo The yields of the
four steam volatile oils with a strong sulphur odour were 09,4 6,
4 1and 2 7 g, respectively In order to remove acidic and phenolic
components, the volatile oils dissolved 1n Et,O were washed with
H,0, dried (Na,SO,) and allowed to evaporate to yield neutral
fractions, 08, 34, 31 and 1 8 g, respectively

GC was performed with a FID instrument using temp
programming A SCOT column was used Thermon-600T glass
capillary column (40m x03mm 1d), temp programmed
80°-210° at 4°/min Values for the relative concn (%)) were
obtamned from the respective peak areas Prep GC was carnied

out with two columns packed with 10 9, PEG-20M and 109, OV-
17 MS were obtained by GC/MS a glass packed column (3 m
x 3mm 1d) coated with 39, PEG-20M, temp programmed
80°-200° at 5°/mun, with He as carrier gas, was used Operating
conditions for the GC/MS were 1onization voltage 70 eV, 1on
accelerating voltage 3 5 kV, 1onization chamber temp 210° IR
spectra were obtained by using hqud films UV spectra were
measured 1n 969, EtOH 'H NMR (90 MHz) and !*C NMR
(50 10 MHz, FT model) were recorded 1n CDCl,

2,3-Dihydro-2-n-alkyl-5-methylfuran-3-one [alky! hexyl (1),
octyl (2)] 2,3-Drhydro-2-hexyl-5-methylfuran-3-one (1) was 150-
lated, by the use of CC and prep GC, from the neutral fraction of
rakkyo o1l 1, Colourless hquid, [a] ,’,3 +02° (EtOH, ¢ 115)
IR vNeClom =1 2940, 2865, 1708, 1610, 1392, 1357, 1150, 948, 783,
uv TE:',?" nm 295, GC/MS m/z (rel nt) 182[M]* (4),112(4),
111 (52),99 (6), 98 (100), 85 (6), 71 (4), 69 (7), 68 (17), 57 (5), 55 (11),
43 (22), 41 (26), 'H NMR (CDCl,), 5087 (3H, ¢, H-6'), 1.32 (8H,
br s,H-2'-5),1 63-2 05 (2H, m, H-1'),2 22 (3H, 5, H-6), 4 43 (1H, ¢,
H-2),5 39 (1H, 5, H-4), *C NMR (CDCl,) 5 14 02 (g, C-6'), 16 82
(4, C-6),22 54 (t, C-5'), 24 64 (¢, C-2'), 28 97 (t, C-3'), 31 18 (1, C-1')
3153(t,C4'),86 73 (d, C-2), 104 30 (d, C-4), 189 99 (s, C-5), 205 04
(s, C=0)

2,3-Dihydro-2-octyl-Smethylfuran-3-one (2) was 1solated, by
the use of CC and prep GC, from the neutral fraction of white
negi o1l 2, Colourless iqud, [«]3} +02° (EtOH, c 1 12) IR and
UV were the same as 1 GC/MS (rel int) 210 [M]* (3), 112 (4),
111 (56), 99 (7), 98 (100), 85 (6), 71 (5), 69 (9), 68 (15), 57 (8), 5 (13),
43 (14),41 (28), '"H NMR (CDCl,). 50 87 (3H, ¢, H-8"),1 27 (12H,
br s, H-2-7'),1 63-2 05 (2H, m,H-1'),2 22 (3H, 5, H-6), 4.40 (1H, ¢,
H-2),538(1H, 5, H4), *3C NMR (CDCl,) 14 02 (g, C-8'), 16 82
(g, C-6), 2260 (1, C-7'), 24 70 (1, C-2'), 29 20 (¢, C-3),29 32 (t, C-4'
and C-5'),31 18 (¢, C-1'), 31 83 (t,C-6'), 86 73 (d, C-2),104 24 (d,C-
4), 18992 (s, C-5), 204 98 (s, C=0)
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