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Post—target Analysis for the Volatile Compounds from Salty Alpinia
oxyphyllae Fructus with Headspace—gas Chromatography—quadrupole/time
of Flight Mass Spectrometry
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Abstract Post-target analysis is a superior method for qualitative analysis. This method can make a rapid, accurate and
wide-scope screening for non-target and target compounds, and it has been used widely in the metabonomics, environmental
analysis and pesticide residues. With post-target method to analysis non-target compounds, retention index, accurate mass
and library were applied to investigate non-target analytes and then a total of 119 compounds were identified. Within those
119 compounds, there are different kinds of compounds, such as aliphatic aldehyde, aromatic ketone, aromatic aldehyde,
monoterpene and its oxide, sesquiterpenes and its oxide and so on. Eremophilene is the best peak ingredient, p-cymene, aro-
madendrene, nootkatone and J-cadinene are the main ingredients. Besides, nootkatone is the main active ingredient according
to previous pharmacology research. Narrow mass window extracted ion chromatograms (nw-XIC) can decrease background
noise greatly and improve the signal-to-noise rate. Hence, the trace level or co-elution compounds can be identified. With the
post-target analytical method for target analytes, we calculated retention time from retention index of target compounds, and
then nw-XIC (mass window 0.02 Da) was carried out. Four characteristic ions of target compounds were extracted to get
extracted ion chromatograms at calculated retention time. As peaks at calculated retention time had the same chroma-
tographic behavior, we identified three target compounds: nootkatol, a-cyperone and perillaldehyde. Tandem mass technol-
ogy has been widely used since its introduction in the 1970s, it was used in trace analysis, chemical reaction mechanistic
studies and propose the fragmentation pattern of compounds. In this paper, we got first-stage mass spectra and second-stage
mass spectra data in one experiment. Moreover, we could obtain accurate mass of precursor ion and product ion from sec-
ond-stage mass spectra at the same time, then we inferred the MS fragmentation pattern of compounds. This method is more
simple, convenient and accurate than the traditional tandem mass spectrometry. Myrtenal was identified in this post-target
way. Post-target analytical method can distinguish compounds from complex matrix samples as many as possible. This
method solves the problems of co-elution and high background and can be used to investigate the medicine’s pharmacology
and toxicology mechanism.
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Figure 1 Total ion current chromatogram of volatile compounds from Salty Alpinia oxyphyllae Fructus
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Table 1 Identification of the volatile compound from Salty Alpinia oxyphyllae Fructus

30.0

Retention index

Accurate mass

No. Compound Molecular formular

m Lexp M yp/amu M./amu Error/mmu
1 Furfural CsH40, 827 829 96.0196 96.0206 —1.0
2 Cyclopentanone, 2-methyl- C¢H,,0 837 —° 98.0718 98.0726 —0.8
3 Cyclopentanone, 3-methyl- C¢H,,0 845 848 98.0719 98.0726 —0.7
4 1-Hexanol CeH140 863 863 — 102.1039 —
5 Benzene, 1,3-dimethyl- CsHio 866 866 106.0769 106.0777 —0.8
6 1-Butanol, 3-methyl-, acetate C;H,,0 872 874 — 103.0988 —
7 1-Butanol, 2-methyl-, acetate C;H,,0 874 877 — 103.0988 —
8 2-Heptanone C;H,,0 887 889 114.1062 114.1039 23
9 Butyric acid, 2-hydroxy-3-methyl-, methyl ester CeH,03 888 889 — 132.0781 —
10  Heptanal C;H,,0 902 902 — 112.0883 —
11 Ethanone, 1-(2-furanyl)- Ce¢HO2 908 908 110.0362 110.0362 0
12 o-Thujene CioHis 924 924 136.1249 136.1247 0.2
13 a-Pinene CioHig 924 924 136.1248 136.1247 0.1
14 Camphene CioHig 948 947 136.1248 136.1247 0.1
15 Dehydrosabinene CioHis 951 953 134.1090 134.1096 0.6
16  2-Furancarboxaldehyde, 5-methyl- CeHeO» 957 957 110.0365 110.0362 0.3
17  Benzaldehyde C;H¢O 960 960 106.0420 106.0413 0.7
18  p-Sabinene CioHig 971 974 — 136.1247 —
19  p-Pinene CioHis 976 978 136.1245 136.1247 —0.2
20  5-Hepten-2-one, 6-methyl- CsHis0 983 982 126.1039 126.1039 0
21  7-Oxabicyclo[4.1.0]heptane, 1,5-dimethyl- CsHis0 986 — 126.1037 126.1039 —0.2
22 p-Myrcene CioHie 988 988 136.1246 136.1247 —0.1
23 Octanal CsH;60 1004 1004 — 118.0413 —
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Retention index

Accurate mass

No. Compound Molecular formular

m Lexp Myp/amu M/amu Error/mmu
24 o-Phellandrene CioHi 1006 1003 136.1246 136.1247 —0.1
25 3-Carene CioHie 1008 1010 136.1245 136.1247 —0.2
26 o-Terpinene CioHi6 1016 1016  136.1244 136.1247 —0.3
27 0-Cymene CioHi4 1019 1018 134.1091 134.1090 0.1
28 p-Cymene CioH4 1024 1022 134.1085 134.1090 —0.5
29 D-Limonene CioHis 1028 1027 136.1246 136.1247 —0.1
30 p-Phellandrene CioHis 1030 1030  136.1241 136.1247 —0.6
31 Eucalyptol CioH;50 1031 1031 154.1352 154.1352 0
32 Benzeneacetaldehyde CsHO 1042 1043 120.0569 120.0570 —0.1
33 p-Ocimene CioHis 1045 1045  136.1245 136.1247 —0.2
34 5-Heptenal, 2,6-dimethyl CoH;60 1052 1053 140.1197 140.1196 0.1
35 y-Terpinene CioHig 1057 1057  136.1247 136.1247 0
36 Benzenemethanol, a-methyl- CsHi0O 1059 1057 122.0730 122.0726 0.4
37 Acetophenone CsHsO 1064 1064  120.0574 120.0570 0.4
38 2-Heptanone, 1-ethoxy- CoH 50, 1070 1068 — 158.1301 —
39 Benzene, 1 -methyl- 4-(1-methylethenyl)- CioHiz 1080 1080  132.0931 132.0934 —0.3
40 Terpinolene CioHis 1084 1084  136.1246 136.1247 —0.1
41 trans-Linalool oxide CioHi50; 1086 1086 — 170.1301 —
42 Benzene, (2-methyl-1-propenyl)- CioHp» 1089 — 132.0929 132.0934 —0.5
43 Benzoic acid, methyl ester C3HgO, 1094 1094 136.0519 136.0519 0
44 p-Linalool CioHi50 1099 1100 — 154.1352 —
45 6-Methyl-3,5-heptadiene-2-one CsHi,0 1103 1106 140.0826 140.0832 —0.6
46 Nonanal CoH;50 1105 1105 — 142.1352 —
47 cis-p-Mentha-2,8-dien-1-ol CioH;60 1112 1122 152.1197 152.1196 0.1
48 p-Fenchol CoH;50 1119 1119  — 154.1352 —
49 2,6-Dimethyl-1,3,5,7-octatetraene, E,E- CioHi4 1133 1134 134.1090 134.1090 0
50 (+)-(E)-Limonene oxide CioH;60 1136 1139 — 152.1196 —
51 (+)-Nopinone CoH,40 1138 1142 138.1032 138.1039 —0.7
52 L-Pinocarveol CioH;60 1140 1140 — 152.1196 —
53 (+)-2-Bornanone CoH,60 1147 1144 152.1191 152.1196 —0.5
54 Borneol CoH;50 1171 1172 — 154.1352 —
55 2-Cyclohexen-1-one, 4-ethyl-3,4-dimethyl- CyoH;60 1173 — 152.1195 152.1196 —0.1
56 L-terpinen-4-ol CioH;50 1180 1182 154.1350 154.1352 —0.2
57 m-Methylacetophenone CoH;00 1184 1176 134.0724 134.0726 —0.2
58 p-Cymen-8-ol CioH140 1186 1186 154.1350 154.1352 —0.2
59 Decanal CioH200 1207 1203 — 156.1509 —
60 cis-Carveol CioH;60 1218 1226  152.1192 152.1196 —0.4
61 Citronellol CioH200 1226 1226 — 156.1509 —
62 Benzene, (3,3-dimethylbutyl)- CioHis 1234 — 162.1402 162.1403 —0.1
63 p-Citral CioH;60 1237 1241 152.1196 152.1196 0
64 Benzaldehyde, 4-(1-methylethyl)- CioH1,O0 1242 1243 148.0886 148.0883 0.3
65 Carvotanaceton CioHi60 1248 1247 152.1167 152.1196 —29
66 Phellandral CioHi60 1277 1276 152.1194 152.1196 —0.2
67 Thymol CioH140 1280 1280  150.1038 150.1539 —0.1
98  http://sioc-journal.cn © 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2014, 72, 95—104
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No. Compound Molecular fornmlar Retention index Accurate mass
m Lexp M yy/amu M /amu Error/mmu

68 Bornyl acetate CpH500, 1283 1283 — 196.1458 —
69 Anethole CyoH,O 1285 1286  148.0879 148.0883 —0.4
70 p-Cymen-7-ol CoH140 1289 1288  150.1038 150.1039 —0.1
71 Carvacrol CoH140 1296 1297 150.1938 150.1039 —0.1
72 J-Elemene CisHoy 1333 1334 — 204.1873 —
73 a-Cubebene CisHoy 1345 1346 204.1873  204.1873 0
74 Isocaryophyllene CisHos 1358 1387  204.1871 204.1873 —0.2
75 Ylangene CisHoy 1367 1367 204.1869  204.1873 —0.4
76 a-Copaene CisHos 1374 1375  204.1868 204.1873 —0.5
77 f-Elemene CisHoy 1387 1388 204.1872  204.1873 —0.1
78 Longifolene CisHoy 1392 1402 204.1880  204.1873 0.7
79 a-Gurjunene CisHoy 1400 1409  204.1876  204.1873 0.3
80 p-Caryophyllene CisHoy 1417 1418  204.0872  204.1873 —0.1
81 f-Gurjunene CisHoy 1428 1428 204.1872  204.1873 —0.1
82 a-Bergamotene CisHoy 1431 1433 204.1886  204.1873 1.3
83 Aromandendrene CisHoy 1441 1442 204.1870 204.1873 —0.3
84 a-Guaiene CisHos 1449 1440  204.1871 204.1873 —0.2
85 Humulene CisHos 1453 1453 204.1872  204.1873 —0.1
86 Alloaromandendrene CysHoy 1453 1447  204.1872 204.1873 —0.1
87 a-Curcumene CisHx 1471 1475  204.1870  204.1873 —0.3
88 y-Muurolene CisHos 1474 1474 204.1873 204.1873 0
89 Chamigrene CisHos 1482 1484  204.1872  204.1873 —0.1
90 p-Selinene CisHos 1487 1484  204.1867  204.1873 —0.6
91 Eremophilene CisHas 1490 1489  204.1874  204.1873 0.1
92 6-Isopropyl-4,8a-dimethyl-1,2,3,7,8,8a-hexahydronaphthalene C,sH,4 1494 — 204.1871 204.1873 —0.2
93 a-Muurolene CisHos 1496 1499 204.1871 204.1873 —0.2
94 0-Guaiene CisHos 1501 1505  204.1872  204.1873 —0.1
95 p-Bisabolene CisHos 1057 1056 204.1875  204.1873 0.2
96 o-Cadinene CisHoy 1512 1524 204.1879  204.1873 0.6
97 Selina-3,7(11)-diene CisHoy 1517 1519  204.1873  204.1873 0
98 L-calamenene CsHy, 1520 1520 202.1717 202.1716 0.1
99 Cadinadiene-1,4 CisHoy 1532 1528 204.1871  204.1873 —0.2
100 a-Calacorene CsHyg 1541 1542 200.1555 200.1560 —0.5
101 (6E)-Nerolidol CisHp0 1562 1563 — 222.1978 —
102 (—)-Spathulenol CisH40 1568 1572 220.1825  220.1822 0.3
103 Isoaromadendrene epoxide Ci5sHxO 1580 1579 220.1824 220.1822 0.2
104 Cedrenol CisH40 1586 1604 — 220.1822 —
105 Ledol CisHy0 1602 1580 220.1824  220.1822 0.2
106 Caryophyllene oxide CisH40 1608 1594 220.1819  220.1822 —0.3
107 Viridiflorol CisHy0 1615 1612 — 222.1978 —
108 Agarospirol CisH,60 1653 1646 — 222.1978 —
109 Juniper camphor CisHp0 1664 1689  222.1974  222.1978 —0.4
110 7-Cadinol C15H,0 1668 1648  222.1976  222.1978 —0.2
111 Longiverbenone CisHO 1673 1670  218.1662  218.1665 —0.3
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Retention index Accurate mass
5%  Compound Molecular formular
m Lexp M yp/amu M/amu Error/mmu
6-Isopropenyl-4,8a-
112 . Cy5H40 1675 1714 — 220.1822 —
dimethyl-1,2,3,5,6,7,8,8a-octahydronaphthalene-2-ol
113 Cedren-13-ol, 8- Cy5sHxO 1689 1688  220.1821 220.1822 —0.1
114 Aromadendrene oxide IT C,5sH0 1694 1706 — 220.1822 —
6-Isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-
115 Cy5H40 1698 1714 220.1823 220.1822 0.1
octahydronaphthalene-2-ol
116 Nerolidyl acetate C7H30, 1721 1715 264.2084 264.2084 0
7-Isopropenyl-1,4a-dimethyl-
117 Cy5H20 1769 — 218.1664 218.1665 —0.1
4,4a,5,6,7,8-hexahydro-3 H-naphthalen-2-one
118 Nootkatone Cy5sHx0 1801 1781  218.1663 218.1665 —0.2
119 Iso-longifolol acetate Cy5sHx0 1815 1822 — 264.2084 —
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Figure 2 (a) Extracted ion chromatograms for four nootkatol ions (mass
window 0.02 Da), (b) EI Mass spectrum of peak I
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Table 2 The identification of three target compounds

Characteristic Tons

Compound Retention index tr/Minca)
1 2 3 4
Nootkatol 1715 29.69 220.1823“ (40.1)" 119.0848 (—0.7) 105.0696 (—0.3) 91.0535 (—0.7)
a-cyperone’®’) 1752834 30.50 218.1661 (—0.4) 203.1439 (+0.9) 175.1108 (+0.9) 91.0536 (—0.6)
Perillaldehyde®! 1274536 16.88 150.1028 (—1.1) 135.0799 (—0.5) 107.0829 (—2.6) 93.0689 (—1.0)

. b .
“ Experimental mass; " mass error in mDa.
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Figure 4 (e) Extracted ion chromatorgrams for four perillaldehyde ions;
(f) EI Mass spectrum of peak III
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Table 3 Accurate mass of ions from peak IV and peak 68 in MS' and MS?
Retention index Characteristic ions
Compound
Lexp L 1 2 3 4

CH,0" (MS? CH," (MS? CioHi;30° (MS' CoHj;3" (MS'
Myrtenal 1195 1196 7417 5 ) . 6117 ( ) 101113 ( ) oLl13 ( )

107.0483¢ (+1.3) 79.0547 (+0.1) 149.0965 (—0.4) 121.1013 (—0.1)

CioHs0™ (MS?) CioHis"™ (MS?) CoHiy' (MS?) CHi' (MS?)
B 1 12 12

ornyl acetate 83 8 1541352 (+0.6) 136.1247 (+0.1) 121.1012 (+0.4) 95.0855 (0)

® mass error in mDa.
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eV; BT URILAE 230 °C; ARHZISE 250 C; —HaH
TG m/z 45~450 Da; 24 R EE F miz
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1200 V; #FIZEIR 3 min.

4.4 FEmaiE
Hh 26 20
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FIREFE RGNS 4K 800 uL BEFT GC-Q MS K.
PRI 5.0 g FRAEAEME T 20 mL TSR,
120 C4AF R4k 30 min, [FFFEL 300 r/min #5355,
H BB R G S 800 pL 4T GC-Q/TOF MS £
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