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Abstract

Volatile organic components from onions stored in the different decay conditions were extracted by SDE
apparatus and analyzed by GC-FID and GC/MS. Components of 115, 143, 123 and 137 were identified in fresh
onions, decayed onions without heating, half—-decayed and complete-decayed onions after heating, respectively.
These components included esters, aldehydes, ketones, alcohols and sulfur-containing compounds. Dimethyl
trisulfide, dimethyl disulfide, dipropyl trisulfide and 3,5-diethyl-1,2 4-trithiolane were the main sulfur-
containing components in fresh onions and decayed onions without heating. As spoilage of onions, the con-
centrations of sulfur-containing components of volatile extracts significantly decreased. Apart from sulfur-
containing components, volatile organic components in half-decayed and complete—-decayed onions after heating
were mainly composed of esters, aldehydes, ketones and alcohols. Ketones of volatiles in complete—-decayed

onions after heating were high relatively.
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Fig. 1. GC chromatogram of volatile organic components from
fresh onion.

TiE - 1p 5140.00g

: L“.“.Jn IKLLI | LL u_LWJLMN

5 0 b

Fig. 2. Chromatogram of volatile organic components from
complete-decayed onion after heating.
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Table 1. Volatile organic components identified in each onion sample (mg/kg)
Sample
No. RT RI Compounds - I - 2 - 3 ; "
Onion A Onion B® Onion C¥ Onion D

1 4909 695 Acetaldehyde 2.662 3.024 6.212 2579
2 5.186 729 Ethyl sec-butyl ether 0.013 - 0.187 0.058
3 5.325 744 Dimethyl sulfide 1.479 0.333 0.343 0.261
4 5713 783 Allyl formate - 0.250 - -
5 5.779 789 Propanal 0.613 0.356 0.154 0.044
6 5.804 800 Octane - - 0.048 -
7 6.108 813 2-Methylpropanal - - 0.053 0.015
8 6.158 815 2-Propanone 0.016 0.149 0.085 0.026
9 6.302 824 Ethyl formate 2.073 1.547 3.992 1.447
10 6.377 828 Ethyl methyl sulfide 0.179 - 0.080 0.028
11 6.491 834 Propanethiol 0.331 0513 0.326 0.532
12 6.712 846 Sulfur dioxide 0.100 1.057 - -
13 6.837 852 Diethoxymethane - 0.085 - -
14 7.033 862 Tetrahydrofuran 0.417 - 0.250 0.062
15 7.308 876 Butanal 0.009 0.006 0.090 0.029
16 7617 890 Ethyl acetate 7.346 4782 8634 7.861
17 7.741 896 Diethy! acetal 1.344 1.944 1.177 1.763
18 7.881 902 Diethy! sulfide 0.111 - 0.100 0.666
19 7916 903 2-Butanone - 0.150 - -
20 8.199 912 1-(Ethenyloxy)-3-methyl-butane - 0.014 - -
21 8.292 915 2-Methylbutanal 0.142 0.013 0.198 0.064
22 8417 919 3-Methylbutanal 0.114 0.065 0.844 0.337
23 8.503 922 Methy! propy! sulfide 0.256 0.979 0.371 0.298
24 8752 929 Pyrrolidine - - 0.046 -
25 8.797 931 Propylene sulfide 0.240 0.091 - 0.069
26 8.835 932 3-Methyl-2-butanone - - 0.039 -
27 8.903 934 Methyl propyl ether 0.288 0.090 - 0.106
28 9.142 941 Ethanol 3.165 3714 7774 8.323
29 9.342 946 3-Buten-2-one 0.001 - 0.044 -
30 9.431 949 Methy! propyl formate - 0.067 - -
31 9.583 953 2-Methyl-1,3-dioxolane 0.038 0.008 0.029 -
32 9.684 956 Allyl methyl sulfide 0.047 - - -
33 9,770 958 Ethyl propanoate - 0.600 - -
34 10.077 966 2,4-Dimethylfuran 0.460 0.040 - -
35 10.11 967 2-Methylthio~butane - - 0.070 -
36 10.234 970 Acetaldehyde ethyl propyl acetal 0.199 0.215 0.058 0.136
37 10.398 974 Propyl acetate - 0.858 0.132 -
38 10.496 977 2-Pentanone 0.113 0.120 0.310 0.373
39 10.544 978 Pentanal - - 0.310 0.378
40 10.835 985 Ethyl propyl sulfide 0.022 0.070 0.035 -
41 10.908 987 Methyl propy! acetate - 0.055 - -
42 10.982 988 (Z)-Methyl propenyl sulfide 0.203 0.185 0.123 0.047
43 11.116 992 Ethyl 2-propenoate E 0.018 - -
44 11.258 995 Ethyl isopropyl ether - 0.007 0.236 -
45 12.109 1014 (E)-Methy! propenyl sulfide 0.298 0.286 0.143 0.111
46 12.281 1018 Butyl formate - 0.041 - -
47 12.777 1028 2-Butanol - 0.234 0.045 2.426
48 13.267 1038 2-Butenal 0.033 0.010 0.064 0.040
49 13.422 1042 Propanol 0.287 0.197 0.344 0.409
50 13.561 1044 Propyl propanoate - 0.056 0.083 =
51 13.688 1047 S-Methyl thioacetate 0.111 0.120 - 0.021
52 13.921 1051 S-Ethyl thioacetate 0.067 0.018 - -
53 14.233 1057 2,3-Pentanedione - 0.015 - -
54 15.065 1072 Dimethyl disulfide 7.473 1518 0.721 0.629
55 15.362 1077 Diethoxyethane - 0.047 - -
56 15.548 1081 Hexanal 0.466 0.408 0.408 0.508
57 16.134 1090 Paraldehyde - 0.476 - -
58 16.153 1091 2-Methyl-2-butenal 0.128 - - -
59 16.233 1092 2-Methyl-1-propanol - 0475 0.066 0.026
60 16.471 1096 2-Ethylacrolein 0.040 - - -
61 17.134 1107 Propyl isopropy! ether 0.257 0.299 0.173 0.407
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Table 1. Continued

No. RT RI Compounds - 5 - S;mple. 5 - 5
Onion A~ Onion B” Onion C~ Onion D

62 17.217 1109 3-Pentanol - 0.028 0.078 0.027
63 17.392 1112 2-Propen-1-o0l 0.014 - 0.049 -
64 17.658 1117 3-Methylthiophene - 0.012 - -
65 17.792 1119 Methyl pentyl sulfide 0.029 - 0.009 -
66 17.833 1120 Pentyl formate - 0.063 - -
67 17.954 1122 3-Methylbutyl acetate - 0.132 - -
68 18.026 1123 2-Pentanol 0.091 0.139 0.348 0.246
69 18.25 1127 (E)-2-Pentenal 0.036 - - -
70 18.617 1133 Propyl (Z)-1-propeny! sulfide 0.039 0.083 0.055 0.090
71 18.739 1135 Ethyl pentanoate - 0.028 - -
72 19.265 1144 Methylethyl disulfide 0.339 0.088 0.082 0.181
73 19.487 1147 Butanol - 0.061 0.045 0.283
74 19.735 1151 Propyl (E)-1-propeny! sulfide - 0.144 - -
75 19.778 1152 3-Mercaptopropanoic acid 0.142 - - -
76 20.325 1160 2-Methyl-2-pentenal 10.590 0.418 - -
77 20.433 1162 Acetaldehyde ethyl amyl acetal 0.025 0.038 - 0.063
78 21.172 1173 Pentyl acetate - 0.135 - -
79 21.445 1177 S-Propyl thioacetate 0.016 0.118 0.172 0.047
80 21.700 1180 2-Heptanone - 0.022 - 0.142
81 21.869 1183 Heptanal - 0.066 0.084 0.251
82 22.181 1187 2,5-Dimethyl thiophene 0.528 0.027 - -
83 22.925 1197 Trimethyl oxazole - - - 0.107
4 23.661 1209 3-Methyl-1-butanol - 0.116 0.344 0.137
85 23.936 1213 (Z)-Dipropeny! sulfide 0.079 0.081 - -
26 24.308 1219 S-Ethyl thiopropanoate - 0.054 - -
87 24.504 1222 2-Hexanol - 0.027 - 0.069
a8 24.622 1224 (E)-Dipropeny! sulfide 0.054 0.038 - -
89 25.034 1231 Methyl propyl disulfide 3.194 6.541 1.479 1.427
90 25.241 1234 Ethyl hexanoate - 0.200 - -
a1 25.252 1234 Acetic anhydride - - 1.268 -
92 25.362 1236 5-Methyl-2,3-dihydro-5H-1,4-dioxepin - 0.048 - 0.159
93 25.667 1240 Penty! propanoate - 0.019 - -
94 25.892 1244 S-Propyl thiopropanoate - 0.034 - -
95 26.449 1252 2,4-Dimethy! thiophene 3.843 0.869 0.164 0.236
96 26.575 1254 Pentanol 0.149 0.118 0.161 0.368
97 26.814 1257 Acetaldehyde ethyl hexyl acetal - - - 0.253
98 27.237 1263 (Z)-Propenyl methyl disulfide 4.896 0.897 0.252 0.084
99 27.433 1266 2-Acetyl tetrazole - 0.033 - -
100 27511 1267 Methyl pyrazine - - 0.576 -
101 27.889 1272 Hexyl acetate - 0.094 - -
102 28.320 1278 Methyl allyl disulfide 1.256 0.112 0.146 0.048
103 28.709 1283 2-Octanone - - - 0.206
104 28.959 1287 (E)-Propenyl methyl disulfide 5.697 1.343 - 0.075
105 28.960 1287 Octanal - - 0.097 0.258
106 29.454 1293 Ethyl propyl disulfide 0.069 0.351 0.089 0.110
107 29.587 1295 Ethyl pyruvate - 0.040 0.076 -
LS. 29.825 1298 4-Octen-3-one - - 0.224 -
108 30.631 1310 Butylbenzene - - - -
109 30.898 1315 Methyl 1-propenyl disuifide 0.175 0.031 - -
110 31.328 1321 Diallyl sulfone 0.072 - - -
111 31.352 1322 (E)-2-Heptenal - - 0.217 -
112 31.368 1322 Isobutyl hexanoate - - - 0.318
113 31.417 1323 Ethyl methanesulfinate - 0.046 - -
114 31.51 1324 4-Methyl thiazole 0.080 0.064 - -
115 31.528 1324 2,5-Dimethy! pyrazine - - 0.359 -
116 31.964 1331 2,6-Dimethyl pyrazine - - 0.382 -
117 32.103 1333 Ethyl heptanoate - 0.103 - -
118 32708 1342 Ethyl lactate - 0.077 - 0.133
119 33.733 1357 Hexanol 0.153 0.215 1.776

120 33.840 1359 Methylpentyl disulfide 0.236 - - -
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Sample

No. RT Rl Compounds Onion A" Onion BY Onion C¥ Onion D
121 35.139 1377 Dipropyl disulfide - 4,100 1.265 2.363
122 35.345 1380 Dimethyl trisulfide 14.709 6.564 - -
123 35.415 1381 2,4,5-Trimethylthiazole - - - 0.329
124 35.882 1387 2-Nonanone - - - 0.244
125 36.200 1391 Nonanal - 0.022 0.151 -
126 36.509 1395 5-Methyl-2-furfurylmercaptan - - - 1.332
127 37.456 1410 (Z)-Propenyl propy! disulfide 1.443 4.217 0.107 0.119
128 37.568 1412 Butyl hexanoate - - - 0.113
129 37725 1415 Hexyl butanoate - - - 0.096
130 38.008 1419 Propyl heptanoate - 0.014 - 0.024
131 38.126 1421 Butyl heptanoate - - - 0.076
132 38616 1429 (E)-2-Octenal - - 0.083 -
133 38717 1431 Methyl isopentyl disulfide 0.059 - - -
134 39.045 1436 (E)-Propeny! propyl disulfide 1.891 5.683 0.211 0.213
135 39.663 1446 Acetic acid 3.482 2.004 9.139 2.620
136 40.209 1454 1-Octen-3-0l - - 0.261 -
137 40.217 1454 1-(1-Ethoxyethoxy)-octane - - - 0.236
138 40.602 1460 Ethyl 1-methylethyl disulfide - 0.506 - -
139 40.614 1461 Heptanol - - - 0.727
140 40.666 1461 Furfural 0.082 - 0.522 -
141 40.895 1465 (Z)-Di-2-propenyl disulfide 0.345 0.097 - -
142 41.642 1476 2-(Propylthio)ethanol 0.030 - - -
143 41.908 1480 Diallyl sulfone 0.054 - - -
144 42.297 1486 (E)-Di-2-propeny! disulfide 0.404 0.123 - -
145 42905 1495 2-Decanone - - - 0.158
146 43.069 1497 Fluoroethylene 1.228 0.329 0.958 0.330
147 43.522 1504 2-Acetyl furan - - 0.122 -
148 44.148 1514 Pentyl hexanoate - - - 0.397
149 44676 1522 Benzaldehyde 0.040 0.286 0.126 0.109
150 44875 1526 2,4-Dithiahex-5-ene-2,2-dioxide 0.219 - - -
151 45.317 1532 Methyl propy! trisulfide 5.734 13.719 - -
152 45.600 1537 Propanoic acid 0.249 0.141 0.173 0.125
153 45,831 1540 2-Butylfuran - - 0.097 -
154 45.899 1541 Dipropyl sulfone - 0.040 - -
155 46.012 1543 (E)-2-Nonenal - - 0.055 -
156 46.067 1544 1-Ethylindan 0.059 - - -
157 46.425 1549 Linalool - - - 0.080
158 47.258 1562 Octanol - - 0.041 0.460
159 47.628 1567 (E)- B -Caryophyllene - - - 0.342
160 4793 1572 5-Methyl-2-furfural - - 0.069 -
161 48.125 1575 2~Furyl ethyl ketone 0.207 0.091 - -
162 48.136 1575 Pentyl propyl disulfide - 0.115 - -
163 48.662 1582 Dimethyl sulfoxide 0.964 0.102 0.350 0.158
164 49,118 1589 Methyl 2-propenyl trisulfide 2.003 0.285 - 0.073
165 49,639 1596 2-Undecanone - 5.153 0.532 1.852
166 50.402 1609 Hexyl hexanoate - - - 0.864
167 50.483 1610 D-Propyl sulfone - - 0.079 -
168 50.592 1612 Butyl octanoate - - - 0.107
169 50.826 1616 Tetramethyl-1,2,4-trithiolane 0.086 - - -
170 50.858 1617 (E)-2-Decenal - - - 0.066
171 51.148 1621 3,5-Dimethyl-1,2 4-trithiolane 0.150 - - 0.265
172 51.274 1624 5-Methyl-2-methylamino-2-thiazoline - 0.105 - 0.198
173 51.575 1629 3-Methoxy-2,4,6-trimethylphenol - - - 0.143
174 52.077 1637 « —Tolualdehyde - - 0.664 -
175 52.383 1642 Ethyl decanoate - 0.051 - -
176 52.392 1642 (E)-2-Decenal - - 0.369 -
177 52.491 1644 Decyl acetate - - - 0.315
178 52,548 1645 2-Acetyl thiazole 0.182 0.073 0.198 -
179 52.758 1648 Acetophenone - - 0.124 0.192
180 52.941 1651 Methyl 1-(methylthio) ethyl disulfide 0.132 - ~ 0.141
181 53.428 1659 Methyl methylthiomethyl disulfide 0.544 - - -
182 53.438 1659 Furfuryl alcohol - - 0.722 -
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Sample
No. RT RI Compounds
Onion A" Onion B? Onion C* Onion D

183 53.633 1663 Nonanol - - - 0.104
184 54,037 1669 Dipropyl trisulfide 1.844 27.626 0.555 3.428
185 55.336 1690 2-Methyl~1-nonen-3-one - - 0.056 0.367
186 55.917 1699 Propy! ethynyl sulfoxide 0.056 - - 0.969
187 56.083 1702 2-Dodecanone - - - 0.091
188 56.953 1718 Methy! propyl sulfoxide 0.190 0.461 0.484 0.343
189 57.165 1722 2-Undecanol - 0.152 - 0.419
190 57.251 1724 3-Decen-2-one - - - 0.875
191 57473 1728 2-Methyl-4,5-dihydrothiophene 0.626 - - -
192 58475 1746 . Decanol - - 0.058 0.607
193 58.577 1748 3,5-Diethyl-1,2,4-trithiolane - 16.590 - -
194 58.574 1748 Dimethyl tetrasulfide 3.372 0.037 - -
195 59.200 1759 a ~Chamigren - - - 0.094
196 59.323 1761 y —Cadinene - - - 0.387
197 59.652 1767 Acetamide 0.092 - 0.109 2.229
198 60.185 1777 (Z)-Propenyl propyl trisulfide 3.547 0.050 0.092 1.279
199 60.581 1784 4-Ethylphenyl acetate - 0.062 - -
200 61.008 1791 Ascaridole - - 0.053 -
201 61.188 1794 1-Phenyl-1-butanone - - 0.195 -
202 61.292 1796 (E)-Propenyl propyl trisulfide 5979 0.379 - 2.648
203 61.417 1798 Tridecanal - - - 0.089
204 61.868 1808 2-Tridecanone - 0.390 4221 2.093
205 61.928 1810 Propanamide 0.064 0.112 - -
206 61.967 1811 Undecanol - - - 0.349
207 63.417 1844 Hexanoic acid 0.109 0.113 - 0.500
208 63.579 1848 2-Tridecanol - 0.079 - -
209 63.692 1850 3-Nitropropanoic acid - - - 0.123
210 63.841 1854 7-Methyl-4-octyl acetate - - 0.455 -
211 63.850 1854 Methyl 1-(methylthio)propyl disulfide 0.063 0.190 - -
212 63.858 1854 3-Ethyl-2,4-dithiahexane-5-one - - - 0.266
213 64.004 1857 3-(Methylthio)-propanenitrile 0.078 - - -
214 64.567 1870 Tetradecanal - - - 0.249
215 64.695 1873 Propyl 2-furancarbodithioate 0.242 - - -
216 64.952 1879 Benzyl alcohol 0.051 - 0.134 0.142
217 65.236 1885 2-Acetyl 3-methylthiophene 0.111 - - -
218 65.588 1893 Dipropyl sulfite - - 0.069 0.400
219 66.064 1904 Dodec-2-en-4-one - - 0.212 0.609
220 66.171 1907 2-Thiophenemethaneamine 0.868 - - -
221 66.421 1915 Bis 1-(methylthio)propy! disulfide 0.108 - - -
222 66.520 1917 Phenethyl alcohol - 0.117 0.076 0.320
223 66.712 1923 2-Tetradecanol 0.190 0.287 0.272 2.482
224 67.712 1952 Heptanoic acid - 0.073 0.113 0.441
225 68.69 1979 2-Acetyl pyrrole - - 0.059 -
226 68.974 1987 S-Methyl methylthiosulphonate 7.398 - - -
227 69.691 2008 2-Hexyl-5-methyl-[2H]furan-3-one 0.192 0.417 2.897 20.114
228 69.905 2015 Methy! methylsulfinylmethyl sulfide 0.106 - - -
229 70.303 2027 2-Pentadecanone 0.147 0.097 0.309 1.164
230 70574 2036 Hexadecanal - - 0.153 -
231 71.184 2055 Ethyl tetradecanoate - 0.471 - -
232 71.381 2061 Octanoic acid - 0.035 0.060 0.324
233 71.885 2076 3,6-Dimethyl-1,2,4,5-tetrathiane 0.112 - - -
234 72.309 2089 4-~Methyl phenol - - - 2.048
235 72.561 2097 Hexadecyl acetate - - 0.055 -
236 72.563 2097 3-Methyl phenol - - - 2.178
237 72.798 2104 1,5-Di-t-butyl-3,3-dimethylbicyclo[3.1.0lhexan-2-one ~ 0.096 - - -
238 73.317 2122 Methyl 2-methyltetradecanoate - 0.055 - -
239 73.581 2132 2-Pentadecanol 0.356 - - 0.852
240 73.655 2134 2-Hexadecanone - 0.236 0.275 2.870
241 74.308 2157 Ethyl pentadecanoate - 0.559 - 0.457
242 74.455 2162 y —Decalactone 0.060 - 0.135 0.401
243 74.686 2170 Nonanoic acid 0.056 0.072 0.277 0.455
244 74972 2180 (E)-m-Propeny! guaiacol - - 0.111 -
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Table 1. Continued

Sample

No. RT RI Compounds - " - > - > - "

Onion A Onion B Onion C Onion D
245 75.462 2196 Acetylcedrene - - - 0.565
246 76.161 2220 Methy! hexadecanoate - 0.120 - -
247 76.226 2222 Methyl 14-methyl pentadecanoate 1.741 - 0.123 0.375
248 76.383 2228 2-Hexadecanol - - 0.034 0.814
249 76.547 2233 5-Methyl~2-octyl-[2H]furan-3-one 2.116 1.210 1.725 25.906
250 76.667 2238 2-Heptadecanone - 0.012 0.086 -
251 77.503 2266 Ethyl hexadecanoate - 14.465 0.102 3.119
252 77.692 2272 Decanoic acid ~ 0.092 0.072 0.267
253 77.929 2280 Ethyl 9-hexadecenoate - 0.150 - -
254 79.058 2307 - Hexadecanol - - 0.038 3.775
255 79.725 2316 (Z)-9-Octadecenoic acid - - 0.039 0.971
256 79.893 2318 Propyl hexadecanoate - 0.990 - -

)Omon A: Fresh onion.

Omon B: Onion decayed without heating.
*Onion C: Onion half- decayed with heating.
“Onion D: Onion decayed with heating.

AdA 25 Fig. 3o Wbl ddel. AFs}, v|7bd F-sfof
3}, wkpdofn), ol s ofatel ] Zh2h 115%, 143%, 123%,
1372 A fr1AdFe) = A =L

Aostol A TR FEA HESR 65F9 334 3hgt
ER7FAA 8 A Fo Aol vl 9ld e
o, 1559} aldehyde$F, 359 ester¥, 3%9 alcohol¥, 4%
9] acidF, 959 ketoneF, 359] ether, 249 N-compound
el 659 7 EAE Fel= el Aokt 9 3
A AR e HA AR F9 890%9 6.41%F ebd
dimethyl trisulfide®} 2-methyl-2-pentenal®]gl.o.m 1 9] o]
ethyl acetate(4.45%)2} dimethyl] disulfide(4.52%), S-methyl

methylthiosulfonate(4.48%), (E)-propenylpropyl trisulfide

(3.62%), methylpropyl trisulfide(3.47%) 5 t}2] 234
3gtEo] Ak 552 A 5L FH Aok

vzt f-f efado A R AR AEES 5159 #3
fr e 7ot A ohEF #R-(2F 60% o1 E o slsle,

70+ D Fresh onion
e E3Decayed onion w ithout heating
604 o Half-decayed onion after heating
ot M Complete-decayed onion after heating
~ 504 iy
X gy
g 404 g
o T
2 301 =
© 3
] -
o 204 = ‘
104 | E= =
0 - . -
S-compound Aldehyde Ester

Functional group

30F9] ester#, 135 2] ketone¥, 152 aldehyde®, 155
2] alcohol i, 729] acid%, 329 ether$, 222 N-compound
F 8o 759 71ets i el i slvlk 8 FHHUA
TFAXEL A 33533 5 2 17.46%E v}eRJ dipropyl
trisulfide’} 7H4 €& /82 2o, 35-diethyl-1,24-
trithiolane, ethyl hexadecanoate, methylpropyl trisulfide”}
Z+2t 10.48%, 9.14%, 8.67% & A sh¢dc).

R sfjofalel A Re] EAHH AL EZE esterirl 8F
aldehyde &7} 235, ketoneH-7} 17, alcohol 7} 21, acid
7V 7E, 835 #FEEF7F 302, N-compound#7} 6F
ether®7} 3% 28] & 7| e} 3} §HE 8F o] TAH Ao, AF
spi} v 7ted o ofst o) = el esterd, aldehydest, ketone
§, alcohol® 18] 3 acid7} v+5-9] 33t 3gtE »nod

T S e A ol Fo] FolE gl why-s) ofa} o)
F8 A FAAEES 27 11.13%, 10.70%, 9.63%7} &
#% acetic acid, ethyl acetate, ethanol® ©] 2} ol %= acet-

Relative area (%)

Functional group

Fig. 3. Comparison to relative area (%) of major functional groups from each onion samples.



1018 DR R CERE

aldehyde, 2-tridecanone, ethyl formate, 2-hexyl-5-methyl-
[2H]-furan-3-one 54 & -+ FEF7} ot esterf,
aldehyde®, ketone® 9}t alcoholFE ¢S ¢ & A=k
skl ofatol A el FAHHA JEEZE ketoneF7t
182, alcoholi7} 275, 334 3}3HEF7} 36, ester77}
152, aldehyde®7} 19, acid¥H7} 8%, N-compoundFH7}
%, ether 57} 3%, 71 et3lgh&o] 8Fo] FA U™, H 4
Aokst o wirbd RoekuletE 22 ketoned, alcoholF,
ester¥, aldehydef7} obaF gF-=lolqldl o &35 33
R ik ok} w3t v &5 et et 581, 2H7
14.30%, 11.10%2] ArtiA 52 veldl 5-methyl-2-octyl-
[2H]furan-3-one®} 2-hexyl-5-methyl-[2H]furan-3-one2}
FTEHEsE 2=

Boelens $(10)& GC/MS 47 @54 LS 53t A
A2l % ofuie] A Fr| ARl F2F 7| E b o
AR+&= 3H3EZ propyl thiosulfonate(freshly cut onion),
propyl-3} propenyl-, di-$} trisulfide & (boiled onion), &
I dimethylthiophene(fried onion)-& &<lsla o]2] g 31t
59 A EE ARt F 2 g
o)A alkyl propenyl dlSulflde'n‘—’] FA33 A4zt FAHG]
4, °]& methyl propenyl disulfide®} propyl propenyl
disulfider} 7} 3} =p2] A FAbel| 94 dimethylthiophene
3} saturated disulfide, &% dimethyl disulfide®} dipropyl
disulfide2 A% A4 =lcl= Boelens $(10)9] AR
Fg=hc.

21" @ 7129 carbony! compoundE %ol 4] propanal
& Aokute] 223 & 33E F9 shtelt) olw FLE
oku}e) 3 A L8l S-propenyl-cystein-S-oxideo] EgF
743& lachrymatory factor (2 8.4)%& 343} (20), ©] 3

E2 AAAM L8 propanal® sulfur Fej 2 eI
=3 Z*methy]pent~2~enal-% propanal F ¥A} 255 aldol
condensation® 7<%+ dehydratione] 9]l A= A
T lthz 2 v E A eH10). =&t el A 54 ¥ 2-tridecanone
£ myristic acid®] #4224 F G A 9l AHEeltH10).

L qulfur 33E F4], #7] S-alkylcysteine der-
ivatives®] 43 g F WA 4H-& 224 thiosulfonate
'Frg] A A3o) Alak, A ¢l.2.m(10), Brodnitz$} Pascale(21)

£ thiosulfinate#7} dehydration®} ¥4 33 & A A satu-
rated®} unsaturated polysulfide -2 A4 8=, Ostermayer
2} Tarbell(22)2 S—-methyl-L-cysteine sulfoxide®} 7}5¥
a}-F o -3t J)H& o] pyruvic acid, ammonia, dimethyl-
disulfide, methyl methanethiosulfonate® A& gl A&
Basled, B Ay F Ao o FAE S-methyl
methylthiosulfonate2] A4 28 42 4 At =3
Boelens 5(10)-2 thiosulfonate$7} Allium 4 A1 &9] 33
A AQEEA NN & AR A R ol {7t FAEES
32 Z7I8t & 44 TIlE] AR 24 F

FeEE 5 324302 A=A U 43 Hol
7l W Eolw, I HAIA R A7) o]k BAIAE A
thiosulfonateF-= freshly cut omion®} 73% 8} 31 218 odorE-
vebdcty 2 ystgn) 94 ol Ao A X thiosulfonate
Fe #HA71A) e AT g o A '
27t 471 ol8te] FiHEeldirh.

SHE UM F7/42e sl WE MO s
im]
Fig. 3& %shA 529 | A o u} & A A LA {714

2ol o 7 W19 ANA FEE el Aolth 33
% B2} ketoneFo] AANA FEo} AR Aol

ol ek 7 el Wateha sl g8 5 slek e
AR E ARNA AT FAARE A%, FERHGE
o §o14 F7bet o] o8 AT e WAL

ester®-9] A2k =714} aldehydes9] vlvl &t 7+47F 3HaE
QI 1 9E TR HEE HolA] stk ol Bm]i o}
E 7t F ubR A s A%, 23R SgERY FA4AT
el o #5715 A% FUHE B F3 9}.9..“‘], =
G o] BE Bis]So) MA 4 SN T 10~
15% W2 #3534 x50 glgo] AF=ch oA
Aztol A 7t 2 el 7b oFgte] 33 AA o & F S vl A
E A3 o] FAdA Futel SAAHQ A FrIEES
Aistel EX e A4S & 5 st ol E A3t A
B3 AL A9 BEF SEEFY ANA w2 3t
A9 qlgler Zuke] ketoneRF 4 37&17} Z7pF 22=E
o} ol& bl 4% FHH U 5-methyl-
2-octyl-[2H)furan-3-oned} 2-hexyl-5-methyl-[2H]furan-
3-oned] AdA Fxr) fHde g Z71E917] @ Felch
o] F Ao ojulgt BARFE oG A2 E §3te] ¥A
a3 FHE A e AlgEolel & A-Foiatelt

SYE UM RIIMZ20| & vl

2oz A &2l§ v Al g5 Fo HEoR HE
g 3 R RES AR Al ot 2 g
w37} 24 Jebgdeh Aokstel A 147 mg/kgE 8 A
o2 gel= 9w dimethyl trisulfidet ¥]71d F-sof}A 5
ollH 6.6 mg/kg® Ak wbddl, 7td F FAAAL F AR
o4& HEE A grol 7l el o W 3HE Falo] B F4
o] (E)-Di-2-propenyl disulfide®} (Z)-Di-2-propenyl di-
sulfide 5 A B-oll A & o A] w]gko]xut 9o} F-ALRE F5F ¥
35 #F & 4 WAk

Methyl propy! trisulfidet= ¥] 7t K3} 2] 8] 5.7 mg/kg
ol 4] 13.7 mg/kg -2 F7FstA 7}t 7t Fell = HE=HA
o¥ski, (E)-propenylpropyl disulfide®} (2)-propenylpropyl
disulfide 4 #5-& AJokatel v virtd F-Futo A of
3ok 2719 ool AEHG o 7t F FAA S
Mizvlgpo g g ofo| ZtaEE AYE BT ¢ AF
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g} dimethyl trisulfide®| 339 3}lo}l= ohh o] & H o]
Fdch 28iv FEA LR s F FIAR FaEoA o
A AFE AR5 ek A, vl A 2A1L s A
ol 7113 ko] EAlAql A S frEslE 84
o £ 3tol| 23t A5kE A 7hs] o A1k Dimethyl trisulfide
% A AFe] T8 A #<l dimethyl disulfide®] 72
H|7bd 3 7t = R Al R R 5ol A ghastelcl AokatA
o= 1.8 mg/kgwte] i 2l ® dipropyl trisulfide
7hul7bed R ol o) a4 27.6 mg/kg & FA A Frkgk ubad
ol, 7t F F-H A 7] fsfol| A ubR-F 9] ¢ 05 mg/kg =
Zhastslcirl ol & Algsle] ¥ A7) oA 34 mg/kg
S-S ol Meiboff whet o e WSl s F e
Aok A Bl e HESA 3l ethyl hexade-
canoatet F-HE A FHolwk HEE o 1 a2 dipro-
pyl trisulfidest A 5 - 3F A& 7R 2 ol sdch kel
2 acetic acid®} ethyl acetate) §ek-e v)7hd R A7) ok}
N = AFTA Roll vlste] Aol o, 7k F uk R
A7) Fatel| A= oFulx] 29| oF 269 1.2 2 F7}at o}
7} Al o 5 A5 Ro) ofglol A& ohA] ZHaslgd) 2E)
31 35-diethyl-1,2,4-trithiolane-& A <¥s}e} 7}ed 3 t3) 4]
A FotEed e iR EEA 2 v7td B gute e
166 mg/kg® b3k A=A} o] H AP A Ho| 4 Fr
A ek stE 1el w o2 3382 Aokl 2.1 mg/kg
o] gfrElet A v td - ekatt st F ubRoofal
oAlA §tef Wizt =2 gdgkot o] & 7l - b R A7)
Fatol| A= 259 mg/kg -2 Z£7)}8 5-methyl-2-octyl-[2H]
furan-3-one°] %l 1, 2-hexyl-5-methyl-[2H]furan-3-one <
Al AeFatell = HEHA dglon 7t F bR R A7
Foll A 20.1 mg/kg7}t HE =], o] F o] 7t F
At i Fr1AdE T & AEE ka9l
Ak

ZE LY RIIMES M

& $isted Aotet, vzt A ofuf, w4l ot} b
Hojoksle] 7€ n-butylbenzenes} chromatographyel <]
8 #el¥ 3389 total peak area & o] -&3}o] zhzte
Algel = A f71 458 A we 4 170.3 me/ke,
155.4 mg/kg, 121.2 mg/kg, 187.0 mg/kg 334 #7)4 #o]
742k g sle] Al kel A AF3 AAF, 71 F uky-g)
B okl A i fr1A L] Aol Ao EIA S e
2l A atE S o o, o] B Al &3le] BaA ]
obA R ofatol M= Ao @ i Al HUA #7)
Aol thA] FrE S A S gk

o,

(@) ot
= =

SDE #2497} GC-FID2} GC/MS £4] o 9)sle] M2
o2 Az g okdde] kA FrI RS B

stch. Aokat, vl7ted o oo, ubt-off oF s}, b -9 o}
ol A zbz} 115, 143, 123, 137%2] 3}3HEo] galsglen,
o] 52 ester#, aldehyde¥-, ketone¥, alcohol &, 33 3}
3HEFE°ldrt. Dimethyl trisulfide, dimethyl disulfide,
dipropy! trisulfide, 3,5-diethyl-1,2,4—trithiolanet § %k}
o} w7t ¥ Fsfel| A vhak galE gl en ofslrl Rlw
of et #HuA FII4EE F FEF g ERE AL
2 Atk 385 3 ERE AL, 71d F by
oF sbA sl Futel A {714 & FE ester®, ketone
F, alcoholF-E°191 2.0, 53] ketoneF-i= 71 ¥ 3 -5
oFahe] iy fr1AdEe] FA & uES AAEA s
t}, Zhzhe) A] #.el+= 170.3 mg/kg, 155.4 mg/kg, 121.2 mg/kg,
187.0 mg/kg 584 F71 o] 2 =] sl
4 B8 gl o8 7t F kAR <kgel A #EA f
717432 Aol A= A& o+ ldder, o] & A&K3)
of FoAR stA R A FFel = 2R FFH U
Al f71A o] vl FrtE S AT 4 et

rgk

[ =]
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