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Extraction preparation and identification of volatile
compounds in Changyu XO brandy
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Abstract A method for the preparation of volatile compounds in Changyu XO brandy was
established. The volatile compounds were extracted using liquid-liquid extraction and then were
separated into two fractions namely the acidic/water-soluble fraction and the neutral/basic
fraction. The neutral/basic fraction was furthermore separated into 4 fractions using silica gel
normal phase chromatography and each fraction was then concentrated and analyzed using gas
chromatography-mass spectrometry GC-MS . In comparison with the pure standards and the
retention indices RI, reported in the literature a total of 302 volatile compounds were identi-
fied in Changyu XO brandy including 30 alcohols 35 aldehydes and ketones 20 carboxylic
acids 104 esters 24 substituted benzenes and derivatives 14 phenolic derivatives 14 acetals
16 furan derivatives 22 terpenic and norisoprenoidic derivatives and 23 others. It was demon-
strated that this method of preparation was effective for the separation and concentration of
volatile compounds in Changyu XO brandy.
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Fig. 2 TIC chromatograms of volatile compounds in fractionsa b ¢ d e

. acidic/water-soluble fraction b. eluted with n-pentane from Extract 2 on column chromatography
. eluted with n-pentane/diethyl ether mixtures 95/5 from Extract 2 on column chromatography
. eluted with n-pentane/diethyl ether mixtures 90/10 from Extract 2 on column chromatography

. eluted with diethyl ether from Extract 2 on column chromatography.
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Table 1 Volatile components of fractions identified in Changyu-XO brandy
| ) Relative contents in fractions® /% Basis of
No. RI, RI, Compound . . ., Reference
a b c d e identification
alcohols
1 <700 618 2-methylpropanol 14.33 6.26 MS RI 7
2 <700 653 1-butanol 0.34 MS RI 8
3 <700 706 2-pentanol 0.10 0.02 MS RI 7
4 705 2-butanol 0.07 MS
5 744 745 3-methyl-1-butanol 54.78 58.91 MS RI 5
6 765 759 1-pentanol 0.12 0.12 MS RI 5
7 767 744 2-methylbutanol 4.56 MS RIL 9
8 814 1-isopropoxy-2-propanol 0.34 0.09 MS RI
9 816 802 2-propoxy-ethanol 0.12 MS RIL 10
10 824 818 2-methyl-1-pentanol 0.02 0.08 MS RIL 11
11 851 866 4-methyl-1-pentanol 0.08 0.17 MS RIL 11
12 858 829 3-methyl-1-pentanol 0.12 0.09 MS RIL 11
13 864 860 Z -3-hexen-1-ol 0.09 0.17 MS RIL 12
14 869 858 E -3-hexen-1-ol 0.03 0.06 MS RIL 12
15 871 3-ethoxy-1-propanol 0.04 MS RI
16 882 879 Z -4-hexen-1-ol 0.01 MS RIL 13
17 883 E -4-hexen-1-ol 0.01 MS
18 886 888 1-hexanol 0.80 4.63 MS RI 7
19 909 915 2-heptanol 0.07 MS RI 7
20 915 3-methyl-3-heptanol 0.21 MS
21 948 936 1-butoxy-2-propanol 0.10 MS RIL 10
22 974 970 1-heptanol 0.05 MS RI 5
23 983 984 1-octen-3-ol 0.12 MS RIL 14
24 995 997 6-methyl-5-hepten-2-ol 0.02 MS RIL 15
25 1036 1035 benzoyl alcohol 0.6 0.12 MS RI 16
26 1072 1075 1-octanol 0.39 MS RI 5
27 1090 1082 trans-5-ethenyltetrahydro-a 0.03 0.08 MS RIL 17
a 5-trimethyl-2-furanmethanol
28 1118 1111 phenylethyl alcohol 1.27 2.35 MS RI 18
29 1449 2 3-dimethoxybenzyl alcohol 0.01 MS
30 1611 2 5 8-trimethyl-1 2 3 4-tetrahydro-1- 0.19 MS
naphthol
aldehydes and ketones
31 <700 671 2-pentanone 0.48 0.09 MS RI 7
32 798 804 4-methyl-3-penten-2-one 0.08 MS RIL 7
33 889 890 2-heptanone 0.09 0.03 MS RIL 19
34 959 958 benzaldehyde 1.27 MS RI
35 987 986 6-methyl-5-heptene-2-one 0.12 MS RIL 20
36 1016 2-pyrrolecarbaldehyde 0.02 MS
37 1047 1 5-dimethyl-1H-pyrazole-4-carbaldehyde 0.21 MS
38 1047 1049 2-hydroxybenzaldehyde 0.11 MS RIL 18
39 1066 1062 acetophenone 0.28 0.11 MS RIL 21
40 1103 1105 nonanal 0.56 MS RI 19
41 1129 2 4-dimethyl-2 4-heptadienal 0.07 MS
42 1205 1206 decanal 0.66 0.12 MS RI 22
43 1238 3-methyl-2-methoxycarbonylcyclopentanone 0.09 MS
44 1251 2-tert-butyl-5-methyl-1 3-dioxan-4-one 0.07 MS
45 1251 1251 2-isopropyl-5-methyl-2-cyclohexen-1-one 0.04 MS RIL 18
46 1305 1673 3-0x0-B-ionone 0.09 MS RIL 23
47 1310 2 6 6-trimethyl-1-cyclohexene-1-acetaldehyde 0.11 MS
48 1336 1329 3- 2 6 6-trimethyl-1-cyclohexen- 0.07 MS RIL 16
1-yl -2-propenal
49 1346 2 5 5-trimethyl-3- 1-methylethylidene 0.04 MS
cyclohexanone
50 1387 1381 B-damascenone 0.23 0.09 MS RI 16




216- 26

Table 1 Continued

| ) Relative contents in fractions® /% Basis of
No. RI, RI, Compound . . ., Reference
a b c d e identification
51 1401 3-hydroxy-4-methoxy-benzaldehyde 0.02 MS
52 1432 1- 4- 1-hydroxy-1-methylethyl 0.02 MS
phenyl ethanone
53 1445 2 6 10-trimethyl-9-undecenal 0.01 MS
54 1451 1463 6 10-dimethyl-5 9-undecadien-2-one 0.05 0.03 MS RIL 24
55 1486 3-butyl-1 2 4-cyclopentanetrione 0.02 MS
56 1490 1491 3-methoxy-4-hydroxyacetophenone 0.01 MS RIL 16
57 1508 1471 a-isomethyl ionone 0.12 MS RIL 18
58 1515 1- 2 3 6-trimethylphenyl -3-buten-2-one 0.06 MS
59 1536 1513 vanillyl methyl ketone 0.01 0.12 MS RIL 18
60 1558 3 4 6-trimethoxybenzaldehyde 0.04 MS
61 1635 1644 benzophenone 0.77 MS RIL 18
62 1664 1670 syringaldehyde 0.11 MS RIL 25
63 1740 4-hydroxy-2-methoxycinnamaldehyde 0.02 MS
64 1774 3 5-di-tert-butyl-4-hydroxybenzaldehyde 0.13 0.29 MS
65 1913 2-ethoxy-1 2-diphenyl-ethanone 0.04 MS
acids
66 864 2 2-dimethylpropanoic acid 0.01 MS RI
67 869 3-methyl butanoic acid 0.09 MS RI
68 877 propanoic acid 0.11 MS RI
69 881 2-methyl-butanoic acid 0.08 MS RI
70 925 2-hydroxy-2-methylbutyric acid 0.05 MS RI
71 942 butanoic acid 0.10 MS RI
72 1029 1037 hexanoic acid 1.10 MS RI 19
73 1128 2-ethyl-hexanoic acid 0.07 MS
74 1159 1162 benzoic acid 0.14 MS RI 23
75 1201 1188 octanoic acid 4.78 MS RI 4
76 1282 1279 nonanoic acid 0.56 MS RI 4
77 1355 geranic acid 0.04 MS
78 1378 1376 n-decanoic acid 0.78 MS RI 4
79 1556 1559 dodecanoic acid 0.06 MS RI 23
80 1757 1759 tetradecanoic acid 0.47 MS RI 23
81 1859 1865 pentadecanoic acid 0.03 MS RIL 26
82 1942 1949 9-hexadecenoic acid 0.05 MS RI 14
83 1958 1962 n-hexadecanoic acid 0.03 MS RIL 23
84 2146 2141 oleic acid 0.10 MS RI 15
85 2162 2164 octadecanoic acid 0.05 MS RI 15
esters
86 <700 610 ethyl formate 0.07 MS RI 7
87 <700 584 ethyl acetate 0.34 0.47 MS RI 7
88 711 709 ethyl propanoate 0.65 0.32 MS RI 7
89 724 737 butyl formate 0.01 MS RI 11
90 755 754 ethyl 2-methylpropanoate 0.49 0.12 MS RIL 7
91 772 781 2-methylpropyl acetate 0.39 0.34 MS RIL 24
92 785 765 ethyl carbonate 0.09 0.12 MS RIL 13
93 789 792 isoamyl formate 0.02 0.23 MS RI 11
94 797 795 pentyl formate 0.09 MS RI 14
95 802 800 ethyl butanoate 1.10 0.17 MS RI 7
96 832 815 ethyl 2-hydroxypropanoate 0.34 0.65 MS RI 7
97 843 835 ethyl trans-crotonate 0.23 MS RIL 13
98 848 849 ethyl 2-methylbutanoate 0.34 MS RI 7
99 851 852 ethyl 3-methylbutanoate 2.62 0.10 MS RI 7
100 876 875 3-methylbutyl acetate 0.34 0.41 MS RIL 7
101 878 879 2-methylbutyl acetate 0.09 MS RIL 19
102 901 900 ethyl pentanoate 0.46 MS RI 7
103 902 furfuryl formate 0.19 MS
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Table 1 Continued

Relative contents in fractions® /%

Basis of

No. RL' RI,? Compound . . ., Reference
a b c d e identification

104 906 1-methyl-2-sulfanylethyl acetate 4.8 MS
105 909 methyl 4-ethoxybutanoate 1.29 MS
106 925 924 methyl hexanoate 0.19 MS RI 7
107 966 949 ethyl 3-hydroxybutyrate 0.32 MS RIL 7
108 976 937 methyl 2-furoate 0.12 MS RIL 9
109 991 970 ethyl B-ethoxypropionate 0.17 MS RIL 10
110 992 diethoxymethyl acetate 0.22 MS
111 998 1010 ethyl hexanoate 5.17 MS RIL 7
112 1005 987 ethyl 3-hexenoate 0.22 MS RIL 4
113 1013 1015 hexyl acetate 0.26 0.12 MS RIL 4
114 1020 ethyl 4-oxopentanoate 0.06 MS
115 1043 1030 ethyl 2-hexenoate 0.17 MS RIL 13
116 1052 ethyl methyl butanedioate 0.02 MS
117 1053 1045 ethyl furan-2-carboxylate 0.03 0.06 MS RIL 13
118 1056 1056 isoamyl butanoate 0.87 MS RIL 7
119 1060 1078 ethyl 2-hydroxy-4-methyl-pentanoate 0.08 0.09 MS RIL 27
120 1064 propyl 4-oxopentanoate 0.02 MS RIL
121 1067 1062 ethyl 2-hydroxy-3-methylbutanoate 0.02 0.07 MS RIL 9
122 1077 1062 ethyl 2-hydroxyhexanoate 0.09 MS RIL 7
123 1092 ethyl diethoxyacetate 0.11 0.32 MS RIL
124 1096 1097 ethyl heptanoate 1.29  0.12 MS RIL 7
125 1104 1103 3-methylbutyl 3-methylbutanoate 0.66 MS RIL 27
126 1106 ethyl 2 2-diethoxypropanoate 0.09 MS
127 1105 1134 isopentyl pentanoate 0.23 MS RI 4
128 1122 1127 methyl octanoate 0.17 MS RI 14
129 1163 ethyl 3 3-diethoxypropionate 0.05 MS
130 1171 1175 ethyl benzoate 0.69 0.23 MS RI 7
131 1183 1182 diethyl butanedioate 0.97 12.82 MS RI 28
132 1186 ethyl 7-octenoate 0.62 MS RI
133 1195 1196 ethyl octanoate 13.57 4.31 MS RI 7
134 1205 diethyl methyl butanedioate 1.05 MS
135 1233 methyl 4FE -3 3-dimethyl-6- 0.19 MS

oxo0-4-heptenoate
136 1233 1282 1-terpinen-4-ol acetate 0.13 MS RIL 29
137 1245 1247 ethyl 2-phenylethanoate 0.96 MS RI 7
138 1256 1199 3 7-dimethyl-1 6-octadien-3-ol formate 1.44 MS RIL 30
139 1258 1260 2-phenylethyl acetate 0.45 0.22 MS RI 7
140 1279 1281 diethyl pentanedioate 0.67 MS RI 17
141 1283 1300 geraniol formate 0.23 MS RIL 19
142 1293 1294 ethyl nonanoate 0.56 MS RIL 7
143 1293 cis-a-methyl-y-octalactone 0.67 1.25 MS RI
144 1322 1326 methyl caprate 0.06 MS RI 11
145 1332 ethyl 2 3-diethoxypropanoate 0.13 MS
146 1353 1347 ethyl dihydrocinnamate 0.26 MS RIL 18
147 1364 1363 y-nonalactone 0.93 MS 11
148 1375 1373 2-ethyl-3-hydroxyhexyl 2-methylpropanoate 0.09 MS RIL 18
149 1377 1389 methyl cinnamate 0.17 MS RIL 24
150 1380 diethyl 2 4-hexadienedioate 1.25 MS
151 1383 1396 diethyl adipate 0.43 MS RIL 24
152 1384 1387 ethyl 9-decenoate 0.58 MS RIL 28
153 1392 1394 ethyl decanoate 12.65 3.59 MS RIL 7
154 1425 1464 diisopropyl adipate 0.19 0.06 MS RIL 31
155 1444 1448 isoamyl octanoate 0.12 MS RIL 28
156 1444 1449 — -2-methylbutyl octanoate 0.07 MS RIL 28
157 1456 1440 dimethyl phthalate 0.12 0.33 MS RIL 32
158 1466 1460 ethyl 2FE -3-phenyl-2-propenoate 0.08 0.12 MS RIL 18
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Table 1 Continued
1 2 Relative contents in fractions® /% Basis of
No. RI, RI, Compound . . Reference
a b c d e identification
159 1475 dibutyl 2-methylmalonate 0.23 MS
160 1480 diethyl pimelate 0.76 MS
161 1487 1493 propyl decanoate 0.32 MS RIL 11
162 1502 ethyl 9-oxo-nonanoate 0.12 0.03 MS
163 1516 1505 dibutyl Z -2-butenedioate 0.19 MS RIL 18
164 1520 methyl 3-methoxy-4-ethoxybenzoate 0.08 MS
165 1521 1528 methyl dodecanoate 3.27 MS RIL 14
166 1539 1532 dihydroactinidiolide 0.06 MS RIL 18
167 1575 dibutyl pentanedioate 0.49 MS
168 1583 diethyl suberate 0.94 MS
169 1590 1591 ethyl laurate 0.34 0.22 MS RI 33
170 1589 1574 ethyl vanillate 0.14 MS RIL 7
171 1595 1603 diethyl phthalate 0.76 MS RIL 34
172 1613 geranyl isovalerate 0.08 MS
173 1641 1546 iso-amyl n-decanoate 0.07 MS RIL 12
174 1680 1699 diisobutyl hexanedioate 0.13 MS RIL 18
175 1681 2-allyl-4 5-dimethoxyaniline 0.12 MS
176 1683 mono-methyl sebacate 0.05 MS
177 1713 ethyl pentyl phthalate 0.32 MS
178 1751 ethyl 9 9-diethoxynonanoate 0.07 MS
179 1763 1765 benzyl benzoate 0.22 MS RIL 33
180 1776 ethyl allyl phthalate 0.13 MS
181 1784 1795 ethyl tetradecanoate 0.21 0.17 MS RIL 14
182 1875 1871 diisobutyl phthalate 0.74 MS RIL 32
183 1924 1944 1-butyl 2-isobutyl phthalate 0.07 MS RIL 36
184 1973 1959 dibutyl phthalate 3.18 MS RIL 32
185 1992 1993 ethyl hexadecanoate 0.10 0.21 0.13 MS RIL 4
186 2104 2086 methyl trans-9-octadecenoate 0.07 MS RIL 32
187 2166 2171 ethyl linoleate 0.47 MS RIL 14
188 2478 2485 dioctyl phthalate 0.09 0.32 MS RIL 32
189 2479 diisooctyl phthalate 0.01 MS
substituted benzenes and their derivatives
190 763 770 toluene 12.8 MS RI 9
191 868 872 p-xylene 4.54 MS RI 37
192 868 851 ethylbenzene 5.08 MS RI 14
193 889 891 phenylethene 6.82 MS RIL 8
194 891 896 1 2-dimethylbenzene 0.46 MS RI 38
195 963 968 1-methyl-3-ethylbenzene 1.58 MS RIL 37
196 968 985 1 2 4-trimethylbenzene 2.46 MS RI 39
197 992 996 1 3 5-trimethylbenzene 1.06 MS RIL 15
198 1024 1021 1-methyl-2-isopropylbenzene 0.69 MS RIL 40
199 1056 1065 isobutylbenzene 1.52 MS RIL 18
200 1058 1058 1 3-dimethyl-5-ethylbenzene 1.08 MS RIL 18
201 1078 1085 1 2-dimethyl-4-ethyl benzene 0.98 MS RIL 39
202 1139 1138 2 3-dihydro-2-methyl-1 H-indene 0.74 MS RIL 18
203 1162 1163 1 2 3 4-tetrahydronaphthalene 0.67 MS RIL 18
204 1184 1179 naphthalene 11.6 MS RI
205 1223 1 4-dihydroxy-2-methylbenzene 0.34 MS
206 1226 diethoxymethyl benzene 0.13 MS
207 1296 1291 2-methylnaphthalene 5.78 MS RIL 41
208 1310 2 4-dihydroxy-1-ethylbenzene 0.23 MS
209 1314 1314 l-methylnaphthalene 1.98 MS RIL 41
210 1358 1354 1 1 6-trimethyl-1 2-dihydronaphthalene 0.79 MS RIL 28
211 1530 1529 4-isopropyl-1 6-dimethyl-1 2 3 4- 12.3 MS RIL 27
tetrahydronaphthalene
212 1551 1542 a-calacorene 1.12 MS RIL 42
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Table 1 Continued
No. RL' RI,? Compound Relative contents in fractions® /% . Btasis ?f . Reference
a b c d e identification

213 1685 1675 4-isopropyl-1 6-dimethylnaphthalene 0.68 MS RIL 24

phenolic compounds
214 986 989 phenol 0.06 MS RI 19
215 1090 1088 guaicol 0.09 MS RI 18
216 1281 1280  p-ethylguaiacol 0.11 MS RIL 14
217 1169 1178 4-ethyl-phenol 0.09 0.03 MS RIL 18
218 1191 2-methoxy-5-methylphenol 0.12 MS
219 1193 1192 p-methylguaiacol 0.08 MS RIL 14
220 1200 1198 2-isopropylphenol 0.02 MS RIL 43
221 1352 1355 syringol 0.04 MS RIL 18
222 1356 1356 eugenol 0.07 MS RI 32
223 1402 1480 propenylguaiacol 0.21 MS RIL 18
224 1404 1412 vanillin 0.12 MS RI 18
225 1509 1519 2 4-di-tert-butylphenol 0.23 0.43 MS RIL 14
226 1514 1513 2 6-di-tert-butyl-4-methylphenol 0.09 0.18 MS RIL 30
227 1604 1609 2 6-dimethoxy-4-allylphenol 0.10 MS RIL 14

acetals
228 <700 649 1 1-diethoxymethane 0.36 0.09 MS RI 7
229 727 726 1 1-diethoxyethane 0.78 36.53 6.18 MS RI 7
230 814 813 1 1-diethoxypropane 0.98 MS RI 15
231 858 859 1 1-diethoxy-2-methylpropane 0.12 0.09 MS RI 7
232 929 1 1-diethoxy-butane 0.12 1.34 MS RI
233 954 955 1 1-diethoxy-3-methylbutane 0.09 MS RI 7
234 1016 1 1-diethoxypentane 0.19 MS RI
235 1079 1075 1 1 3-triethoxy-propane 0.17 0.02 0.07 MS RI 15
236 1092 1 1-diethoxyhexane 0.32 MS RI
237 1102 1 3 3-triethoxy-1-propene 5.99 MS
238 1158 1162 1 1-diethoxypentan-4-one 0.67 MS RIL 34
239 1270 1 1-diethoxy-octane 0.06 MS RI
240 1304 1 1 3 3-tetraethoxypropane 0.94 MS RI
241 1381 1 1-diethoxynonane 0.07 MS RI

furans
242 823 816 2-ethoxytetrahydrofuran 0.46 MS RIL 19
243 839 830 furfural 2.81 1.28 MS RI 5
244 918 918 acetylfuran 0.11 0.09 MS RIL 36
245 951 5-methyl-5 H-furan-2-one 0.54 MS
246 968 972 5-methylfurfural 0.76 MS RIL 13
247 995 1005 benzofuran 7.04 MS RIL 36
248 1007 1005 2-propionylfuran 0.09 MS RIL 4
249 1016 2 5-diethoxytetrahydrofuran 0.13 0.04 MS
250 1040 1088 5-acetyl-2-methylfuran 0.76 MS RIL 18
251 1078 2- diethoxymethyl furan 0.10 0.19 MS
252 1107 1109 2-methylbenzofuran 2.64 MS RIL 43
253 1111 3- 2-furanyl -2-propenal 0.91 MS
254 1167 1159 2-methyl-5-propionylfuran 0.13 MS RIL 44
255 1164 1163 3 6-dimethyl-4 5 6 7-tetrahydro- 0.72 MS RIL 35

1-benzofuran
256 1285 5- hydroxymethyl -2-furancarboxaldehyde 0.09 MS
257 1326 5-butyldihydro-4-methyl-2 3H -furanone 0.12 0.21 MS

terpenes
258 933 1056 B-terpenene 1.82 MS RIL 4
259 1028 1028 limonene 1.52 MS RIL 19
260 1032 1025 eucalyptol 0.12 MS RIL 4
261 1063 1080 isoacetophorone 0.13 MS RIL 32
262 1072 1138 trans-limonene oxide 0.72 MS RIL 24
263 1075 1082 cis-linalool oxide 0.07 0.18 MS RIL 17
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Table 1 Continued
| ) Relative contents in fractions® /% Basis of
No. RI, RI, Compound . . ., Reference
a b c d e identification
264 1100 1100 linolool 0.09 0.56 MS RIL 18
265 1109 1111 rose oxide 0.19 MS RIL 20
266 1114 1117 4-isopropenyl-1-methyl-2-cyclohexen-1-ol 0.41 MS RIL 18
267 1136 1139 1-terpinenol 0.56 MS RIL 45
268 1147 1143 B-terpineol 0.21 MS RIL 15
269 1153 1155 2 6-dimethyl-5 7-octadien-2-ol 0.29 MS RIL 18
270 1165 1195 5-isopropenyl-2-methylcyclohexanol 0.13 MS RIL 18
271 1175 1172 menthol 0.74 MS RIL 24
272 1194 1189 a-terpinol 0.36 MS RIL 18
273 1223 1218 2 6 6-trimethyl-1-cyclohexene- 0.08 MS RIL 33
1-carboxaldehyde
274 1231 1225 nerol 0.24 MS RIL 33
275 1642 1688 juniper camphor 0.18 MS RIL 32
276 1564 1565 trans-nerolidol 0.04 0.16 MS RIL 46
277 1663 1652 a-bisabolol oxide B 0.05 MS RIL 35
278 1687 1684 a-bisabolol 0.26 MS RIL 18
279 1720 1722 all-trans-farnesol 0.08 0.13 MS RIL 33
others
280 <700 1-ethoxypropane 0.56 1.42 MS
281 <700 622 2-ethoxybutane 0.21 MS RIL 8
282 821 1-ethoxy-1-propoxyethane 0.09 MS
283 855 2-hydroperoxypentane 0.13 MS
284 872 1-butoxy-1-ethoxyethane 0.41 MS
285 913 2-ethyl-5-methyl-1 4-dioxane 0.01 MS
286 914 920 2-ethoxytetrahydropyran 0.19 MS RIL 18
287 977 1- 1-ethoxyethoxy pentane 0.09 0.29 MS
288 1029 1056  4-methyl-5-vinylthiazole 0.06 MS RIL 47
289 1047 1048  4-methyl-benzenethiol 0.46 MS RIL 18
290 1138 m-methylthioanisole 0. 64 MS RIL
291 1148 1144 3 6-dihydro-4-methyl-2- 2-methyl- 0.12 MS RIL 48
1-propenyl -2H-pyran
292 1227 1234 benzothiazole 0.76 MS RIL 18
293 1436 2-isopentyl-5-thiophene 0.07 MS RI
294 1439 2-isopentyl-5-propylthiophene 0.08 MS
295 1514 2-methyl-6-methoxyquinoline 0.13 MS
296 1679 2-butyl-5-hexylthiophene 0.10 MS
297 1932 1929 9-di-tert-butyl-1-oxaspiro 4.5 deca- 0.54 MS RIL 16
6 9-diene-2 8-dione
298 2186 2182 hexadecanamide 0.56 MS RIL 16
299 2270 2135 a-naphthylphenylamine 0.21 MS RIL 32
300 2375 Z -9-octadecenamide 0.34 MS
301 2398 2349 octadecanamide 0.13 MS RIL 32
302 2835 2757 squalene 0.19 0.16 MS RIL 32
1 RI, retention index of compound. 2 RI; retention index of compound in the reference using the same column. 3 Relative

content the ratio of the peak area of a compound to total peak area. 4 MS compounds identified by MS spectra RI compounds

identified by comparison with standards RIL compound identified by comparison with the retention indices from literature.
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