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Comparative study on extraction of the flower aroma components of
‘ Crimson Glory’ by different pretreatment methods
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Abstract: ‘ Crimson Glory’ is a typical representative of the aromatic rose that has been developed for both edible and per-
fumery. In this study, ‘ Crimson Glory’ was used as experimental material to extract and analyze the aroma components of
fresh flower by several methods in order to explore the aroma pretreatment method suitable for aromatic rose. The results
showed that 138 components were total detected by the three methods. Sixty-eight components (92.58% ) were detected by
solid phase microextraction (SPME) ,the main components of which were distributed in the front and middle of the chromato-
graphic peak,and the efficiency of detecting the aroma active components was high. eighty species (92.51% ) were detected
by stir bar sorptive extraction-thermal desorption (SBSE-TD) ,and the components were found in the front, middle and back
of the chromatographic peak,and the efficiency of detecting active aroma components was also high. Ninety-seven components
(79.22% ) were detected by purge and trap-thermal desorption ( P&T-TD). The coverage range of chromatographic peaks
was about the same as that of SBSE-TD,the density of chromatographic peaks was higher than that of SBSE-TD ,but the effi-
ciency of detecting active aroma components was lower and there were more aroma free and impurity components. From the
categories of compounds detected ,the three methods are similar, and the relative content of alcohols is the highest, and the
main aroma type is flower fragrance. The three analysis methods have their own characteristics, and SBSE-TD method has
more advantages from the point of view of convenience,resource screening and development.
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Fig. 1  Comparison of total ion flow diagram for extraction and analysis of flower aroma components of

¢ Crimson Glory’ by SPME(a) ,SBSE-TD(b) ,P&T-TD(c) combined with GC/ MS
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2 #ERE5H5H
2.1 =MFEENEBAEET SRS 3T O
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Flower aroma components and content of ‘Crimson Glory’ extracted and

analysed by SPME,SBSE-TD,P&T-TD combined with GC/ MS

SPME SBSE-TD P&T-TD
5 R 5y HMEMSR AR MMEAAR &R MNEAAR AR
No. Component Relative Content Relative Content Relative Content
content(% ) (ne/g FW) content(% ) (png/g FW) content(% ) (pg/g FW)
1 3.113 928 Z B Ethanol 0.07 £0.01  0.02 £0.00 - - - -
2 4.428 1020 a-JEH# a-Pinene 0.02£0.01 0.01 £0.00 - - - -
3 5.267 1063 %)% Camphene 0.02£0.01 0.01 £0.00 - - - -
4 5.35 1000 I Toluene - - 0.02+0.00 0.01=0.00 2.68+0.351.41 +0.06
5  6.208 1031 LIRS T I Isobutyl acetate - - - - 0.16 £0.08 0.08 0. 03
6 6.392 1038 2 Hexanal 0.12£0.02 0.03+0.01 0.03+0.00 0.01=0.00 0.31=0.050.16+0.01
7 6.638 1047 2-FI3E-%4§5% Decane ,2-methyl- - - - - 0.08 +0.04 0.04 +0.01
8 7.114 1065 THEIRC A% Cyclohexane, butyl- - - - - 0.08 +0.03 0.04 +0.01
9  7.656 1086 Z.% Ethylbenzene - - 0.07 £0.00 0.01+0.00 3.22%0.28 1.71 £0.07
10 8.091 1102 Xt 2K p-Xylene - - 0.06 £0.00 0.01 +0.00 3.28+0.32 1.74 £0.09
11 9.287 1136 B-AH:4 B-Myrcene - - 1.08+0.3  0.20.1 - -
12 9.338 1137 1,3-"HI3JE Benzene,1,3-dimethyl- - - - - 2.51 £0.15 1.34 +0.07
13 9.712 1148  2-FiL-1-TE# 1-Butanol ,2-methyl- - - - - 0.04 £0.03 0.02 +0.01
14 9.804 1151 B-JEN% B-Pinene 0.55+0.09 0.1420.03 0.08+0.00 0.01 0.00 - -
15 10.234 1163 2-CL J T 2-Hexenal , (E) - - - - - 0.15£0.03 0.09 +0. 02
16 10.443 1 169 F#iE# D-Limonene 0.37+0.1 0.09+0.02 0.38+0.1 0.07=0.00 0.32£0.040.17 +0.03
17 10.719 1177 B-IK 54 B-Phellandrene 0.04+0.01 0.0120.00 0.09+0.00 0.02+0.00 0.04%0.010.02=0.01
18 10.863 1 181 Benz;f:%j[;}f_fiithyl- - - - - 0.15 =0.01 0.08 0. 00
19 11.369 1 196 + 4% Dodecane - - 0.05+0.00 0.01 £0.00 0.05+0.03 0.03 +0.02
20 11.594 1202 M Styrene 0.05+0.04 0.01+0.01 - - 0.12 +0.02 0.07 +0.01
21 11.758 1246 8- 2 B4 cis-B-Ocimene 0.71£0.01 0.18 £0.02 - - 0.1+0.02 0.06 +0.01
22 11.758 1206 X -B-% ik trans-B-Ocimene 0.32£0.00 0.08+0.01 0.22+0.1 0.0420.00 - -
23 12.126 1215 - 45 y-Terpinene - - 0.04£0.00 0.01+0.00 0.06+0.01 0.03 =0.00
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2:5% 1( Continued Tab. 1)

SPME SBSE-TD P&T-TD
S Sy XTSRS MMEASR AR NNEAAR AR
No. Component Relative Content Relative Content Relative Content
content(% ) (ng/g FW) content(% ) (pg/gFW) content(% ) (pg/gFW)

24 12.366 1221 3-EM 3-Carene - - 0.5+0.2  0.09+0.00 0.23£0.04 0.13 +0.03
25 12.55 1226 T Cyclohexanone - - - - 0.07 £0.00 0. 04 £0.00
26 12.765 1231 Xt EdE p-Cymene - - 0.02£0.00 0£0.00 0.02=0.00 0.01 £0.00
27 13.026 1236 ZIRTLEE Acetic acid, hexyl ester 16.31 £0.4 4.05+0.51 2.88+0.3 0.51+0.1 2.61+0.03 1.4£0.13
28 13.2 1242 2-%fifil 2-Octanone - - - - 0.13 +0.01 0.07 £0.00
29 13.425 1247 FE W Octanal - - - - 0.06 +0.00 0.03 +0.00
30 13.517 1250 -1 i34 a-Terpinolene - - - - 0.09 +0.02 0.05 +0.01
31 14.443 1273 3-Z RS cis-3-Hexenyl acetate  1.55£0.16  0.39 £0.08 0.74£0.5 0.12+0.1 1.44 +0.05 0.78 +0.09
32 14.627 1277 < H ik Anisole - - - - 0.07 £0.01 0.04 +0.00
33 14.944 1285 WIHLPiAER S-Hepten-2-one,6-methyl-  0.06 £0.01 0.01 £0.00 - - 0.18 +0.02 0.1 +0.00
34 15.087 1289 2-ZJRMES trans2-Hexenyl acetate  0.11 £0.01  0.03 £0.00 0.15£0.00 0.03 +0.00 0.32 +0.05 0.17 +0.04
35 15.374 1296 1-CV B 1-Hexanol 3.4£0.21 0.84£0.13 0.58+0.00 0.1+0.00 1.36+0.040.73 +0.09
36 15.89 1308 Benzzen%,%t—eltﬂjl-T,Tfnﬁthyl- - - - - 0.02 +0.01 0.01 +0.00
37 16.131 1314 I B Bk cis-Rose oxide 0.32+0.06 0.08%0.03 0.06=0.00 0.01+0.00 0.17£0.02 0.09 +0.01
38 16.299 1318 3-CEE 3-Hexen-1-ol, (Z) - - - - - 0.09 +0.01 0.05 +0.00
39 16.468 1322 Benzlcnf’%j}’l;_z ?fﬁlhyl_ - - - - 0.06 +0.03 0.03 =0.01
40 16.719 1328 a-HHEFEHE a-Methoxytoluene 1.07£0.12 0.26+0.02 0.34+0.1 0.06+0.00 0.7 +0.00 0.37 £0.04
41 16.995 1335 1% 4% Neo-allo-ocimene - - 0.13+0.1 0.02 =0.00 - -

42 17.205 1340 2-C % 2-Hexen-1-ol, (E)- - - - - 0.16 £0.03 0.09 £0.02
43 17.696 1 351 T-f#% Nonanal - - 0.06+0.00 0.01+0.00 0.28+0.1 0.14 +0.05
44 17.849 1355 HHLEM Rosefuran 0.19£0.02 0.05+0.01 - - 0.08 +0.03 0.04 £0.02
45 1411 LUR 7 Perillene 0.16 £0.02  0.04 +0.01 - - - -

46 18.412 1 368 2-3¢fE 2-Octanol 0.05+0.01 0.01 +0.00 - - 0.54 +0.01 0.29 +0.02
47 19.573 1396 +-PU%E Tetradecane - - - - 0.17 £0.02 0.09 +0.01
48 21.158 1434 2-Z H 2 1-Hexanol ,2-ethyl- - - 0.09+0.00 0.02+0.00 2.06=0.38 1.08 0.1
49 21.22 1436 a-EEVE ST a-Cubebene 0.3+0.02 0.07+0.01 0.4+0.1 0.07£0.00 - -

50 21.636 1446 - AR a-Guaiene 0.03+0.00 0.01+0.00 - - 0.11 £0.03 0.06 +0.01
51 21.813 1450 2-3%f ( +)-2-Bornanone - - - - 0.04 +0.02 0.02 +0.01
52 21.941 1453 Wi 75075 44 Elemene isomer - - 0.520.1 0.0920.00 0.39%0.020.21 £0.02
53 22.043 1455 FL% Decanal - - - - 0.08 +0.01 0.04 £0.00
54 1 466 FEAERE A ALY Nerol oxide 0.03£0.02 0.01 £0.00 - - - -

55 22.171 1459 K220 Ylangene 0.03+0.02 0.0120.01 0.0520.00 0.01=0.00 - -

56 1 474 TR Citronellal 0.05+0.03 0.01 +0.01 - - - -

57 22.57 1468 -t B a-copaene 0.68+0.02 0.170.02 0.84%0.3 0.1520.1 0.74£0.03 0.39 £0.03
58 23.409 1488 F5 A Linalool 0.71+0.02 0.1820.02 0.6320.1 0.1120.00 0.81%0.1 0.44 £0.1
59 23.808 1498 + 1%t Pentadecane 0.02+0.01 0.01+0.00 0.32+0.1 0.06=0.00 0.29+0.02 0.15 +0.02
60 23.976 1502 a1 254 a-Gurjunene - - 0.16 £0.1  0.03 £0.00 - -
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%% 1 ( Continued Tab. 1)
SPME SBSE-TD P&T-TD
S Sy XTSRS MMEASR AR NNEAAR AR
No. Component Relative Content Relative Content Relative Content
content(% ) (ng/g FW) content(% ) (pg/gFW) content(% ) (pg/gFW)

61 1 500 fafili Camphor 0.07 £0.02 0.02 £0.00 - - - -

62 1508 R HIE Benzaldehyde 0.26 +0.02 0.07 £0.01 - - - -

63 24.263 1 509 ﬁ—ﬁﬁzﬁj}rﬁ(ﬂikﬁ% B-Cubebene - - - - 0.13+0.02 0.07 £0.02
64 25.27 1534 a-HE a-Cedrene - - - - 0.2+0.01 0.11 £0.02
65 25.383 1537 B-F?E‘Iﬁ(? [B-copaene 0.12+0.01 0.03+0.00 0.31+0.1 0.06+0.00 0.07=+0.020.04 +0.01
66 24.3751 512 A Tsogeranial 0.11 £0.01 0.03+£0.01 0.05+0.00 0.01 £0.00 - -

67 25.598 1 542 B 22 )4 B-ylangene - - 1.59 £0.3 0.29+0.1 1.02+0.030.55=+0.07
68 26.114 1555 B4 B-Elemene - - 0.41+0.1 0.07£0.00 0.49 £0.02 0.26 +0.01
69 26.401 1 562 B-Eﬁ‘ﬁ?ﬁ B-Caryophyllene 1.45+0.06 0.36 +0.04 3.32 %1 0.61 £0.2 2.48 £0.1 1.33 0.1
70 27.817 1597 +75kt Hexadecane - - - - 0.06 +£0.04 0.03 £0.02
71 26.503 1 565 7-}??%‘3 y-Selinene - - 0.06 +£0.00 0.01 £0.00 - -

72 26.774 1571 &4 (+ ) -Aromadendrene 0.07 £0.00 0.02+0.00 0.07£0.00 0.01 £0.00 - -

73 27.695 1 594 FAR 4% Cadina-3,5-diene - - 0.42+0.1 0.08 £0.00 - -

74 - 1638 8-k M 6-Cadinene 0.18 +£0.04 0.04 +0.01 - - - -

75 28.129 1 605 R FEF M Allo-aromadendrene - - 0.12+0.00 0.02 +£0.00 - -

76 28.267 1 609 B-Fﬁ%@% B-Citral 2.08 +0.25 0.52+0.12 0.46+0.1 0.08+0.00 0.87 +0.17 0.48 +0.12
77 28.477 1614 FHop s 2, R TiE Citronellol acetate 0.83+0.02 0.21+£0.02 0.46+0.00 0.08+0.00 0.67 +0.12 0.37 +£0.09
78 28.758 1 621 'y-ﬁié‘]’ﬁ y-Muurolene - - 0.74+£0.2 0.13+0.00 0.49 £0.07 0.27 £0.06
79 28.943 1 626 a-f1 71 a-Caryophyllene 0.08 +0.01 0.02+0.00 0.35+0.1 0.06+0.00 0.3+0.03 0.16+0.03
80 29.111 1631 K2yl 4 cis-Muurola4(15) ,5-diene 0.1 +0.01 0.02+0.00 0.59+0.1 0.11 £0.00 0.35+0.03 0.19 +0.04
81 1672 W45 Ledene 0.07 £0.00 0.02 +0.00 - - - -

82 29.316 1 636  FHMRHiF Geranic acid methyl ester 0.36 £0.05 0.09 £0.00 0.09 £0.00 0.02+0.00 0.15+0.03 0.08 £0.02
83 29.418 1 638 Acetic acﬁfﬁiﬁilhﬂ ester - - - - 0.23 £0.1 0.13 £0.06
84 29.577 1 643 Z-D8 Naphthalene-D8 0.89+0.06 0.22+0.01 7.53+0.5 1.34+0.00 2.39+0.151.27 +0.08
85 29.812 1 649 7—7&1"&% y-Cadinene 2.43+0.03 0.6+0.06 0.83+0.2 0.15+0.00 0.56+0.00 0.3 +£0.03
86 30.185 1 658 o-FrEERE o-Citral 3.32+0.4 0.83+0.17 1.81+0.5 0.32+0.1 2.15+0.261.17 £0.24
87 30.523 1 667 KAMFE 4% D Germacrene D 2 +0.08 0.49+0.04 4.6+0.8 0.83+0.2 3.1x0.07 1.66 +0.17
88 1 690 I endo-Borneol 0.33+0.1 0.08 £0.02 - - - -

89 31.116 1 682 a2 0% a-Muurolene 0.54+0.1 0.13+£0.02 1.36+0.2 0.25+0.1 0.71+0.030.38 +£0.03
90 31.686 1 697 M Citronellol 8.05+0.56 1.97+0.07 6.35+0.3 1.13+£0.00 5.41 +0.762.89 +0.48
91 31.684 1697 LFRFE M Geranyl acetate 0.77 £0.06 0.19+0.03 1.77+0.1 0.31+0.00 - -

92 32.098 1708 y-ﬁi&ﬂfﬁ% y-Isogeraniol 0.29+0.03 0.07 £0.02 - - 0.33+0.13 0.18 £0.08
93 31.909 1 703 Ethi;j’%%ifw%ih%y)_ - - 0.35+£0.00 0.06 £0.00 - -

94 32.139 1 709 a-Je s a-Farnesene - - 2.43+0.3 0.43+£0.00 - -

95 32.236 1712 B—ﬁ’["&‘}@ B-Cadinene 0.42+0.14 0.1+x0.03 3.35+0.4 0.6+0.1 - -

96 32.6251 722 & 461 Nerol 13.07 £0.59 3.22+0.26 4.71 0.5 0.84 +0.1 4.42+0.812.42+0.65
97 32.671 1724 LB - - 1.51£0.00 0.27 £0.00 - -

Acetic acid,2-phenylethyl ester
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%3 1( Continued Tab. 1)
SPME SBSE-TD P&T-TD

S Sy XTSRS MMEASR AR NNEAAR AR
No. Component Relative Content Relative Content Relative Content

content(% ) (ng/g FW) content(% ) (pg/gFW) content(% ) (pg/gFW)
98 32.846 1728 A Tsogeraniol 0.64+0.01 0.160.02 0.52+0.00 0.07 £0.00 0.79 £0.14 0.43 0. 11
99 33.142 1 736 o-EE MM a-Cubenene - - 0.25+0.00 0.04+0.00 0.28+0.08 0.15+0.05
100 33.489 1 746 a-FAME a-Cadinene - - 0.36+0.1 0.06=0.00 0.4£0.02 0.21 £0.02
101 33.709 1752 3,5-—HI4 A 3,5-Dimethoxytoluene  0.13 £0.05 0.03 £0.02 0.34+0.00 0.06 £0.00 0.51 £0.11 0.27 +0.03
102 33.886 1756 JEHI Benzyl alcohol 3.52+0.22 0.87+0.04 0.89£0.3 0.15£0.00 1.68 +0.44 0.93 +0.31
103 34.267 1767 M Geraniol 12.43 £0.12 3.08 £0.33  9.38 =1 1.66+0.2  6.910.82 3.76 0.8
104 34.528 1774  R-EA1E M rans-Calamenene  0.16 0.1 0.04 £0.02 - - 0.38+0.07 0.2 +0.04
105 34.712 1779 2L Ylangenal - - - - 0.15+0.1 0.07 £0.05
106 35.239 1793 2 2.1 Phenylethyl Alcohol 8.14+0.8 1.99£0.05 4.53x1  0.79+0.1 4.05+0.64 2.21 £0.55
107 35.694 1 806 )\l E-7-Octadecene - - 0.08+0.00 0.01 £0.00 - -
108 37.09 1 845 T HXTH M Butylated Hydroxytoluene - - 0.59£0.4 0.1=0.1 - -
109 37.111 1 846 T ¥2HIZE Butylated Hydroxytoluene - - - - 0.69 +0.27 0.39 +0.17
110 37.162 1 847 a-— KA B a-Calacorene - - - - 0.18 £0.13 0.09 £0.06
111 37.975 1 870 ZE1 Phenol - - - - 0.07 +£0.00 0.04 +0.00
112 38.466 1 884 B-— LA E M B-Calacorene - - - - 0.23£0.03 0.12 +0.01
113 38.931 1 897 +JLkE Nonadecane - - 3.3920.00 0.6+0.00 1.36x0.330.75+0.24
114 39.315 1908 1-1 Juk% 1-Nonadecene 0.6+0.23 0.14+0.04 9.73+0.7 1.73+0.2 4.63 £0.652.52+0.58
115 39.433 1912 F AL T %M Methyleugenol 0.77+0.66 0.17+0.13 1.160.4 0.21 0.1 - -
116 39.959 1 928 FH2:0 Salvial4 (14) -en-1-one - - - - 0.03+0.02 0.02 =0.01
117 42.568 2 005 AR TG Benzyl tiglate - - - - 0.04 +0.01 0.02 +0.01
118 43.141 2 023 Beni{;je’ifiﬁfﬁm_ 0.49 £0.16 0.11+0.03 3.04+0.4 0.5420.00 2.09=0.01 1.12£0.11
119 Hi i Elemol 0.1+0.02 0.03+0.01 - - - -
120 44.966 2 080 T-HAAEE T-Cadinol - - 0.27 +0.00 0.05+0.00 0.17 £0.05 0.09 +0.04
121 45.422 2094 T-# 22 2 T-Muurolol - - 0.42+0.1 0.08=0.00 0.27 £0.07 0.15 £0.05
122 45.498 2 096 21 $E4% Heneicosane 0.05+0.01 0.010.00 0.330.2 0.06=0.00 - -
123 ¥R y-Eudesmol 0.12+0.05 0.03 20.01 - - - -
124 46.23 2120 Fik## Cadalene - - - - 0.14 +£0.02 0.08 £0.02
125 o-FE 5 q-Eudesmol 0.05+0.01 0.01+0.00 - - - -
126 46.505 2 129 BRI B-Eudesmol 0.08 +0.01 0.02 +0.00 - - 0.120.02 0.05=0.02
127 46.657 2 134 a-FAMEE a-Cadinol 0.05+0.01 0.01+0.00 0.3+0.1 0.05%0.00 0.12+0.03 0.07 £0.02
128 49.783 2237  AFZE "W " Z W Diethyl Phthalate - - 0.21+0.1 0.04 £0.00 - -
129 50.451 2259 &AW EE Famnesol - - 0.09 £0.00 0.02 +0.00 - -
130 50.751 2 269 M3]E Indole - - - - 0.06 +0.02 0.03 +0.01
131 55.225 2426  4FZ —HER — Tl Dibutyl phthalate - - 0.09 £0.00 0.02 +0.00 - -
132 56.009 2 454 FEMIMEREE Citronellyl oleate - - - - 0.02 +0.01 0.01 20.01
133 56.617 2 476 ZHIFREME Benzyl benzoate 0.03+0.01 0.010.00 0.09+0.00 0.02=0.00 0.05=0.010.03 +0.01
134 56.878 2 486 ZEH RIS trans-B-Terpinyl benzoate - - 0.03+0.00 0.01%0.00 - -
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%% 1 ( Continued Tab. 1)
SPME SBSE-TD P&T-TD
=X A = = =) =) =) A I,
S R Ay HMEA SR AR MANEAGR SR MMEASR Akt
No. Component Relative Content Relative Content Relative Content

content( % )

(ng/g FW)  content(% ) (wg/g FW) content(% ) (pg/g FW)

135 57.262 2 499

136 60.996 2 700

138 68.033

Z+ ek Pentacosane -
—+-kE%Eks Heptacosane -
137 63.277 2 843 R F¥MEE ALY Alloaromadendrene oxide -

SRZK W 2 — 53¢k Diisooctyl phthalate -

0.07 £0.00 0.01 £0.00 - -

- 0.14+£0.00 0.02 +£0.00 - -

0.27 £0.04 0.15 +£0.01

0.25+0.03 0.14 +0.02

T =7 RO R AG

Note:“ —” means trace or undetected.
22 =MAESMBARERIMERSE
SRR N B LA TR B S iR LR
2, MK B B R i FOR T, SPME JA K HY
(8o B e /b, AT 68 B, (LA H 43 R AR A 5
=, A 92. 58% ; SBSE-TD £ 3 il 4 O Bt s b, A
80 i, MHXT & & Fl SPME 22 A%, K 92. 51% , 45 %}
T bR, PRT-TD Kb B RE, A
97 Fp, it d i, HARX S RAK L A 79.22%
MILF 5k AL A O 2R Bk, = Fh ik
ot IS B3 A X R B 11, SPME i # —
2P |, SBSE-TD il P&T-TD A%, 4415 29.11%
29.31% . JLFPIT K ik i I i e i 2 19,
HAEX & & [, SBSE-TD Fl P&T-TD #B4& HEF AL ¥k
TSR], SPME Baks iy is 2 Lo &

RS =, R I8, SBSE-TD AH X} & &7
TR Z G R IR e, R BRSS PRT-TD (155
ARl S e SOR TS i e R AR RS

WA I 5 A R G T e I T8, — ek
Ja ZEARFRNH AR HKT . iR REIEH
FHBRA GRS, — AR TR R, 585 H
TR o RIS 2 2 b 2 A 5 i
Ao H AT UL, P&T-TD Bk BAG s Fh 2k £ (1
XF B R TTRRAS K B 55 A I UG 7 I 28 ot 4 i
FEXT 156 SPME S 37 M 0 o3 i At 803, .
i B AL R sk E T DUE R
5 R 1) A A 2H 1l s SBSE-TD AT LAS: HH 45 vy (1) B 26
FIEESS , BN RSB e &, T AR I I 1o
FRA

R2 ZMAEIMBLARBERIMERSELE
Table 2 Comparison of three methods for the analysis of the composition and content of flower aroma components of ‘ Crimson Glory’
SPME SBSE-TD P&T-TD

e NN EDONER o i PONED, - i X o
fa sl wap TUES ag g AT ag ompeem PIET s

Compound category Number of e Content  Number of . Content ~ Number of e Content

I Relative (we/e FW) I Relative (ne/e FW) I Relative (ne/e FW)
components content( % ) H&'e comporents content( % ) pe's components content(% ) ™ &
ik 4% Terpens 24 10.85 2.69 31 25.63 4.62 27 13.59 7.29
F5 75 4% Aromatic Hydrocarbons 1 0.05 0.01 5 0.22 0.04 10 12.11 6.43
EWi¥% Aliphatic Hydrocarbons 3 0.67 0.16 7 14.06 2.49 7 6.67 3.62
fig Esters 7 19.96 4.97 11 8.02 1.43 11 5.94 3.21
% Aldehydes 6 5.94 1.49 5 2.41 0.43 8 4.05 2.18
[l Katones 2 0.13 0.03 0 0 0 5 0.45 0.25
kR 4E ALY Ethers and oxides 6 2.23 0.54 4 3.78 0.67 7 3.89 2.08
fiz Alcohols 17 51.1 12.59 14 29.11 5.13 18 29.31 15.88
% Phenols 1 0.76 0.43 2 1.75 0.31 2 0.76 0.43
HiAth Others 0 0 0 0 0 0 1 0.06 0.03
NF5 (25 d8) Internal standard

( Naphthalene-D8 ) 1 0.89 0.22 1 7.53 1.34 1 2.39 1.27
41t Total 68 92.58 23.13 80 92.51 16. 46 97 79.22 42.67
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2.3 ZMAESMBAREENSRE|ITLL

FAR 23 & i KT 1% B8 247 047,
RGBT LU L2, WAk 3,

SPME 4 H ) 228 UM 2R B <
RIMKIAAEE R H & KA ¥ 5 SBSE-TD
WK A T AT R A P&T-TD KK
NAER IR LE RE R R SPME 5K
H B AE AR o3 v B e e ) B R AR AR, 2B
— R B AR AR AL A, LR A i, S, LT
A BCERAE T s 2K S 1, 25 I, Ohy BB T A R A
s SR WA A il & B LG , C RO 77 5 SB-

SE JE7 o v e d i A 0 e A I, LU A
W BEAERE R O B2 WM IRy, I RAR A
M4 BAARG R BATE  B- O IR B A, 1,3,5-
= AR AR B S 0 o s SRR A LT U
MU A RA & P&T-TD 67 W7 & i
7o B0 A, YO A 50 I, B AR, R O RAR
T BT 1,3, 5-= IR & Bl
195, 73 R A T A A s A B 1 Uk AL
Bed . BRILZAOM, BmAR R Y BT B
B, MR A X 32 B SO B G Y B, P&T-TD Al
SBSE-TD FCALAHL

RI ZHAERSMBATERETR S RESLENE

Table 3  Comparison of three methods for the analysis of the main flower aroma components and aroma type of ‘ Crimson Glory’

fb4% Compound SPME SBSE-TD P&T-TD
e 5 *ﬂxﬁﬁﬁﬁ% ‘é‘% *ﬁxﬁﬁﬁﬁ% ﬁ% *ﬁxﬁﬁﬁé‘% ﬁ%
Name Aroma Relative Content Relative Content Relative Content
content(% ) (pg/gFW) content(% ) (pg/gFW) content(% ) (ug/gFW)
1-C 8 1-Hexanol A 3.4 0.84 0.58 0.1 1.36 0.73
3-Z RIS cis-3-Hexenyl Acetate HE 1.55 0.39 0.74 0.12 1.44 0.78
T 74 Green ordor components 4.95 1.23 1.32 0.22 2.8 1.51
a-1:Je i a-Farnesene AFE 0 0 2.43 0.43 0 0
B-HEHA % B-Cadinene K& 0 0 3.35 0.6 0 0
y-kLFA MG y-Cadinene N 2.43 0.6 0.83 0.15 0.56 0.3
FARFE 7 D Germacrene D KA 2 0.49 4.6 0.83 3.1 1.66
KB4 Woody ordor components 4.43 1.09 11.21 2.01 3.66 1.96
W2 Citronellol i 8.05 1.97 6.35 1.13 5.41 2.89
ZB A0S Geranyl acetate b 0 0 1.77 0.31 0 0
FEFERE Nerol Pz 13.07 3.22 4.71 0.84 4.42 2.42
5 =3

/i%i?:aif I,IZ—phenylethyl ester i 0 0 151 0.27 0 0
I Benzyl alcohol P 3.52 0.87 0.89 0.15 1.68 0.93
I Geraniol pi 12.43 3.08 9.38 1.66 6.91 3.76
2.1 Phenylethyl Alcohol piZ 8.14 1.99 4.53 0.79 4.05 2.21
A7 L4y Foral ordor components 45.21 11.13 29.14 5.15 22.47 12.21
ZIRTUEE Acetic acid, hexyl ester B 16.31 4.05 2.88 0.51 2.61 1.4
a- & IR a-Methoxytoluene W 1.07 0.26 0.34 0.06 0.7 0.37
2-Z, 50U 1-Hexanol ,2-ethyl- W 0 0 0.09 0.02 2.06 1.08
B-F7EERS B-Citral ilv e 3.32 0.83 0.46 0.08 0.87 0.48
- a-Citral MG 2.08 0.52 1.81 0.32 2.15 1.17
JA 4y Fruity ordor components 22.78 5.66 5.58 0.99 8.39 4.5
B-H B4 B-Myrcene T 0 0 1.08 0.2 0 0
B-£i¥ ¥ B-Caryophyllene T 1.45 0.36 3.32 0.61 2.48 1.33
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%233 (Continued Tab. 3)
1£4E4Y Compound SPME SBSE-TD P&T-TD
. e MXES SR & HNESSE i HXES SR o
Ne A j‘ Relative Content Relative Content Relative Content
ame roma content(% ) (wg/g FW) content(% ) (pg/gFW) content(% ) (ng/gFW)

H LT &l Methyleugenol BT 0.77 0.17 1.16 0.21 0 0
13,52 L o
Benzene, 1,3 ,5-trimethoy- AT 0.49 0.11 3.04 0.54 2.09 1.12
2EF5 43 Spicy ordor components 2.71 0.64 8.6 1.56 4.57 2.45
B2 Toluene IR, MR SRR 0 0 0.02 0.01 2.68 1.41
2% Ethylbenzene L SRR 0 0 0.07 0.01 3.22 1.71
X} 2R p-Xylene T/ R, RAETERS 0 0 0.06 0.01 3.28 1.74
1,3- 3T Benzene, 1,3-dimethyl- YRR 0 0 0 0 2.51 1.34
AU 0 0 0.15 0.03 11.69 6.2
Miscellaneous gas components ' ' '
B-HK % B-ylangene T 0.03 0.01 1.59 0.29 1.02 0.55
WREI
cis-Muurola<4(15) ,5-diene x 0 0 1.36 0.25 0 0
+JUkE Nonadecane ¥ 0 0 3.39 0.6 1.36 0.75
1-+JUI 1-Nonadecene ¥ 0.6 0.14 9.73 1.73 4.63 2.52
JCF5 843 Unscented components 0.63 0.15 16.07 2.87 7.01 3.82
A1t Total 80.71 19.9 72.07 12.83 60.59 32.65
3 itig 3 21O - RIS I 25 R 1 B/ il R 2 2

AR SPME SBSE-TD P&T-TD 254 GC-
MS JURh T iE 5 T S8 A6 L0 o IR O 4R o] LA
FARAR B AL AEN T, JUR LB 5Bt
TSN . SPME J7 ik LR fay o, Bf sk Pk ik, 7
ARSI X G4 R B SO AR B R
AN AR LE AR AT, BEAS B I S 34 [ MR 1o
FE X AR AR 2 AN AR A TRiA
{547 . SBSE JEF I SPME L, 55 %8 B4t uk % Hups
RS ZIEA TR, U SBSE %k 2 R W g
o, BERS RARRE S T ARG T B, A7 SR BUE AN
IR AR, e L R Ak, BT AR
17 AR 2 U 2 VB 450 R0 30 43 A W8 By g A2
P&T-TD HiARA Fr2 w43 Ml 4 (1 72, RE 48 21
B SN L, BT LURAT , 90 0% B 380 0 B4
Ja T LA EA 12 RS URE , 53X A 5 e KA VOCs
(R 7 T AT ) 92 I8 2 (R W A 4 1 ik
TR SE 4T % | 75 BRI 1) 2% A 25 i SR i o

MAHIE 5T LFR J5 35 53 1 TR) — P ke i R
SPME £ H B 43 it 5T b B2 78 43 7 (XS MBS
ARG A RICR A HE A5 R 1 o SBSE-TD K H i) B 43
A7 S TR AT P S B KA SRS I RCR R
Bt o AWFFE T P&T-TD 4L 2 (1 & Lo 1 A2k

MAASEF  SBSE 1 P&T-TD [ A4 i 25 S 5 SRy 2 90T .
JUR TR AL & 1 B AR & e 5 B e v,
MR, B AR, K LR RS, 2R B
FIREHIEF

JUR A B IS  rra A AN s A A
feL4h , Rz FH P AR A S B 1 L A e . DR BE R
RIE SR, UL RS 35 (S A 4T, 05 A
J ZE B IR 0% 35 A & 1 fA Bk R, SBSE-TD 74/
EZ)%-

&% 3k
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