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GC-MS Analysis of Volatile Components from Magnum Hops

LI Feng, LIU Yu-mei*
(College of Chemistry and Chemical Engineering, Xinjiang University, Urmiiqi 830046, China)

Abstract Head space-solid phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS) was used
to analyze the composition and contents of major volatile compounds in Magnum hops. The identification and validation of
volatile compounds were performed using mass spectral library searching based on Kovats retention index (KI). Greatly different
results were obtained for the volatile composition of Magnum hops using HS-SPME and the conventional steam distillation (SD)
method. A total of 73 volatile compounds were detected in Magnum hops by HS-SPME, together accounting for 99.35% of the
total pear area, and terpenes, mainly humulene and S-caryophyllen, together accounted for 85.35% of the total amount of volatile
compounds compared with only 0.24% for their oxidized products. A total of 63 identified volatile compounds were extracted by
the conventional SD method, together accounting for 98.42% of the total peak area, and terpenes accounted for only 68.41% of the
total amount of volatile compounds while the content of oxidized terpenes was as high as 13.27%. For other oxygen-containing
compounds such as alcohols, esters and ketones, similar results were obtained using both extraction methods, showing relative
contents of 2.65%, 8.14% and 1.29% in the HS-SPME sample and 3.42%, 10.55% and 2.51% in the SD sample. Moreover,
three aldehydes, together accounting for 0.99% of the total amount of volatile compounds, were detected in the HS-SPME
sample rather than the SD sample. The above results suggest that the major volatile compounds in Magnum hops are humulene,
P-mycrene, f-caryophyllene, humulene oxide, caryophyllene oxide, d-cadinene, muurolene, 4-decenoic acid, methyl ester, copaene,
2-propanone, y-cadinene, a-selinene, f-selinene, f-pinene, linalool, (E)-S-farnesene and geranyl formate.

Key words hop; volatile components; head space solid-phase microextraction (HS-SPME); steam distillation (SD);
gas chromatography-mass spectrometry (GC-MS); Kovats retention index (RI)
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Table1 Identification of volatile components in Magnum hop
N AT 5 /% REIRHRD
=] (=} . o s
5 AR IR /min A/ kL HS.SPME_ SD TEE CE
1 4.62 1R- (H)-0-TE W% 1R-o-pinene 0.11 786 928
2 5.21 (E)-1,3-T- 4 1,3-nonadiene, (E)- 0.06 841
3 6.23 B-IRNG f-pinene 0.89 0.86 944 978"
4 6.18 AR BEIR O 4-cyclopropylcyclohexene 0.07 676
5 7.16 B-FF I S-mycrene 22.09 10.20 1012 988"
6 7.80 B-IKIT N S-phellandrene 0.32 0.17 1053 10321
7 8.49 G- 475 cis-ocimene 0.39 1092 10791
8 11.25 2,6- A2 6-9 2,6-octadiene, 2,6-dimethyl- 0.18 1219
9 11.56 B-T N B-caryophyllene 0.49 1231 1436
10 12.15 (-)-a-BEE T (-)-0-cubebene 0.30 0.13 1200 137804
11 12.66 &= ylangene 0.29 0.27 1248 1396
12 12.84 L copaene 1.41 1.21 1246 13781
13 14.48 B-EERS I S-cubebene 0.51 1343 13681
14 15.28 B-ATNT G B-caryophyllene 16.64 16.77 1387 141704
15 15.79 ik y-elemene 0.20 1413 1400115
16 16.56 (E)-B-15:We )5 (E)-p-farnesene 0.44 0.26 1451 14291
( 17 16.60 TS humulene 3109 2926 1453 1447
18 17.06 W22 M muurolene 2.24 1.97 1474 1486014
19 17.37 P-H I y-muurolene 0.27 0.21 1489 1486014
) 20 17.45 B-Ue R S-selinene 0.98 0.66 1492 1506
21 17.52 SR\ isoledene 0.34 0.18 1496 1502061
22 17.54 a-TE RN o-selinene 1.32 1.03 1496 151304
23 18.22 S-FEAR d-cadinene 3.03 1.87 1527 1526013
24 18.52 y-FERA G y-cadinene 1.04 1.34 1539 15241
25 18.66 WAIAKR-3,9- "4 guaia-3,9-diene 0.31 1545
26 18.71 A h-1,4- 0 cadina-1,4-diene 0.22 0.10 1547
27 18.92 a-FEFA I a-cadinene 0.24 0.26 1556 15071
28 19.69 LA A B calamenene 0.16 0.69 1588 15241
29 19.69 KA 5B germacrene B 0.15 1588
30 21.41 3-(JRHHE)-1,1- = Fk-1H-Efi 1 H-indene, 3-(bromomethyl)-1,1-dimethyl- 0.12 0.19 1597
31 22.28 K calamene 0.12 1506
12 2711 ik 1,3,6,10-cyclotetradecatetraene, 3,7,11-trimethyl-14- o.11 1900
(1methylethyl)-, [S-(E,Z,E,E)]-
Gt 85.35 68.41
1 3.43 L1 ethanol 0.31
2 7.86 2-F -1 1-butanol, 2-methyl- 0.15
3 11.02 -2~ T4~ 1 -T2 2-nonen-1-ol, (Z)- 0.08 1224
4 13.91 ()-TL Wb (%)-linalol 0.48 0.70 1311 1097
5 14.87 2- T 2-nonanol 1.10 0.55 1362 143819
2,6- -2 75 ] ) )
6 18.00 - 2,7-octadiene-1,6-diol, 2,6-dimethyl- 0.14 1419
Jdi-1,6-
7 20.13 P geraniol 0.17 1465 134719
8 20.72 FR T benzyl alcohol 0.08 1020 10141
9 23.55 X A I tricyclo[2.2.1.02,6Theptane-3-methanol, 2,3-dimethyl- 0.31 1529
10 24.49 BEVE I MR cubenol 0.20 1757
11 24.58 17-F )\ BRI - 14-He-1- 10 17-octadecen-14-yn-1-ol 0.14 0.36 1801
12 26.15 FWE KT epiglobulol 0.16 1808
13 26.50 e santalol, cis,a- 0.11 1818 166004
14 26.60 a-FEAATE .tau.-cadinol 0.70 1821
15 27.63 A 22 g muurolol 0.16 1850
16 28.60 tetracyclo[6.3.2.0(2,5).0(1,8)]tridecan-9-ol, 4,4-dimethyl- 0.17 1876
Gt 2.65 3.42
1 424 RIS H s carbonic acid, dimethyl ester 0.25
2 7.51 N R2-HHE TS 1-butanol, 2-methyl-, propanoate 0.20 0.64 936
3 7.64 ST R SN propanoic acid, 2-methyl-, 2-methylbutyl ester 1.18 1.18 1232
4 8.36 5-FIE R R R hexanoic acid, 5-methyl-, methyl ester 0.07 0.35 961
5 8.59 4-H L % G pentanoic acid, 4-methyl-, methyl ester 0.07 894
6 8.98 2- T R2- AT 1 butanoic acid, 2-methyl-, 2-methylbutyl ester 0.08 1118
7 9.10 % R heptanoic acid, methyl ester 0.23 0.31 985 964"
8 9.24 3-HIL T IR-2-H L TR butanoic acid, 3-methyl-, 2-methylbutyl ester 0.10 0.11 1131
9 9.89 2-MF FE - LR HH hexanoic acid, 4-methylene-, methyl ester 0.13 0.44 1007
10 10.01 6-F LB i g methyl 6-methyl heptanoate 0.17 0.48 1902
11 10.86 SEIR I octanoic acid, methyl ester 0.36 0.57 1217 1385
12 11.10 LR FE At e i hexanethioic acid, S-methyl ester 0.09 932
13 11.82 ST R PR propanoic acid, 2-methyl-, heptyl ester 0.12 1250
14 11.89 10-F B — 2 H i undecanoic acid, 10-methyl-, methyl ester 0.10 1253
15 12.28 4-FFL o7 iR F G octanoic acid, 4-methyl-, methyl ester 0.15 1257
16 12.99 BRI nonanoic acid, methyl ester 0.34 1281 1215
17 13.66 3- TG IR G 3-nonenoic acid, methyl ester 0.17 1303
18 13.78 SRS propanoic acid, 2-methyl-, octyl ester 0.24 1336 135314
19 14.25 LR AN TG myrcenyl acetate 0.74 1354 12341
20 15.48 4-J3 475 R H i 4-decenoic acid, methyl ester 1.83 3.36 1373
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6 25.72 Fi 2-pentadecanone, 6,10,14-trimethyl- 0.33 1856 18481
ok 1.29 251
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il 0.99
1 23.06 FTREA caryophyllene oxide 5.84 1711 16122
2 23.87 ARG humulene oxide 0.17 6.28 1737 16382
3 22.87 ﬂ ERRARL #2571 bisabolene epoxide 0.73 1704
4 28.23 LIMEEA Y diepicedrene-1-oxide 0.07 0.42 1866
&Gl 0.24 13.27
1 2.86 2- IR IR furan, 2-methyl- 0.23
2 12.07 L% acetic acid 0.32 0.25
3 15.29 blcyclo[7 2.0]Jundecane, 10,10-dimethyl-2,6-bis(methylene)-, [/S-(1R*,95%)]- 0.07 1387
4 24.34 rﬁéa octanoic acid 0.07 1232 118114
5 2.39 0.07
6 474 ﬂ%%m?fw 0.39 1.44
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