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Note: The data in the figure showed the retention time of the ion stream
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Fig. 1
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The total ion chromatogram of chemical constituents of E. sanguineus var. paedidus flowers
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Table 1 Relative content of essential oil compositions in different development stages and
parts of E. sanguineus var. paedidus flowers
e e -
j=3-1 ﬁrﬁ’n’ﬁjllﬂ o R 434 Contents/%
N etention C ¢
0 time/min omponents V1 V2 V3 V4 V5 Y1 Y2
1 248 3-FIHEKIE 3-Methylfuran 115+0.15a  059+028b  031+£0.04bcd 0.17+0.03cd 0.10+0.00d  0.08+0.05d  0.45=0.04 be
2 334 1-§ 43 1-Penten-3-ol 083£0.02a  074+0.12a  048+0.03b  037£010b  0.18£0.03¢c  003£0.02c  0.12+0.0l¢c
3 447 SR Isoamy] alcohol 041+00la  032£005b  022+003c  0.12£002d 007+£003de 001£00le 0.12+0.05d
4 538 (Z)-2-IXJi¥E (2)-2-Pentenol 027+0.02a  0.16+0.02b  0.10£00l1c  0.07+0.02cd 0.04+001de 0.02+00le  0.06+0.00 cd
5 601 CUH% Hexanal 024+004a  021+007a  010+0.02b  0.08+0.03bc 0.04+£002bc 0.01+£0.00¢c  0.06+0.01bc
6 187 M- Leaf alcohol 6551+040a 6226+045a 2656+4.09b 17.14+3.04c  9.86+1.64d 041+0.1le 737+033d
7 8.25 (2)- 3-CHiBE (Z)- 3-Hexenol 225+040a  1.11£024b  031+005¢  0.17£00lc  0.04+0.03¢ = 0.24+0.04¢
8 838 JFi-2- CJ B (Z)-2-hexenol 0.01+0.01b - 0.02+0.03 2 - 0.03+0.02a = 0.08+0.03 a
2-FRFE 4 IR
9 912 0.09+£0.02a  0.05+0.01b = 5 s 0.01£0.00c  0.04+0.00b
2-methyl-4-Pentenol
10 1011 hdif ot 0.04£0.00b  0.07+0.02 0.04+0.01 b
’ (Z)-3-Hexeny! formate ) ) ) ) ’ ’ ’ bea ’ ’
11 1020 =R Tricyclene 004+£0.02a  0.04£0.00a - 0.01£0.01b - =
12 1058 -k M a-Pinene 0.02+0.02d  007+001d  039+024d  262+097cd 1090+123b 2041+457a  628+187c
131067 e ] 0.13£001a  0.09+0.01b
’ (Z)-3-Hexenoic acid methyl ester ’ oha ’ ’ ) ) ) )
14 1110 3J Camphene - . 003£00lc  0.11£003c  040+005b 0.79+021a 031+0.11b
15 1179 7 H % Benzaldehyde - - - - - - 0.08£0.00 a
16 12.18 20 Sabinen - - - - s = 0.26+0.08a
17 1220 P-4 B-Pip-Pinene - - - 0.10£0.03¢c  045+006b 0.86+027a
18 1285 B- A p-Myrcene 0.08£001d 0.13£004cd 014+002cd 020£003¢c 041+£003b 0520042  0.10£0.03d
19 1351 LR B2 Leaf acetate 283+034a  250+026a  093+0.08b  1.01£054b  0.60£023bc 0.02+00l1c  0.08+0.03¢c
20 1423 D-#7# 4% D-Limonene 521+1.68b 11.74+078a  136+£040c  1.01£033¢c  200£053¢c  1.80£0.07¢  1.25+036¢
21 1436 HZH A Eucalyptol - . 008£0.03b  0.61+£0.09a . . 047+0.10a
2 1464 B-Z'#1# p-Ocimene 0.05£00lc  005+00lc  071+0.I1a  032£0.03b  030+£002b  023+0.00b  022+0.03b
23 1502 (E)-B-B #if# (E)-B-Ocimene 071£031¢c  1.00£0.13¢ 2126+3.05a  596+092b  128+0.15¢  025+00lc  270+092¢c
241540 y-F& I y-Terpinene 0.02£001cd 0.01+£001d  012£002bc 0.04=000cd 0.18+005ab 0.08+0.02bcd 025+0.11a
(2)- Ay e
25 16.04 ) . 0.03£00lc  005+00lc  004+00lc  0.09£002b  0.12£001b  0.16+0.04a  0.03+0.0lc
(Z)-Linalool oxide
(B)-SAb 7y o
26 16.62 ) . > - 009+001b  023+00la 023+£00la 024+£005a 025+00la
(E)-Linalool oxide
7K R H R
27 1676 - - = 0.04+002b  0.06+00l1b  0.16+0.04a
Methy! benzoate
1,3,7- = HH-2,6-—J5 LR
28 1685 Acetic acid 1,3,7-trimethylocta- 020+ 0.04c  020+0.02¢c  084+0.08a  040+0.09b  0.13+0.05¢ . 0.23+0.06 ¢
2,6-dienyl ester
29 17.06 75 1% Linalool 0.16+0.02d  0.15+004d  517+072d 30.17+2.52¢ 5121+289b 70.79+5.09a  3.08+021d
30 17.18 % Nonanal 042+0.14a  055+025a  019+0.03a 058+03la  039+0.18a = 0.14+0.08a
31 1724 Z&(J 45 Dihydrolinalool - - 0.07+0.02b  0.02=0.00¢ - 0.21+0.01a
2-ZAfHE1,1- A3
DIAEE: 7N
2 1763 . 465+120d  530+138d 32.99+1.18a 19.69+184b  8.08+094cd 0.02+00le 10.89+230¢c
2-ethenyl-1,1-dimethyl-3-
methylene-Cyclohexane
33 1810 W Cosmene - - 024+004a  007+001b  0.03£000b  0.02£000b  0.03+0.01b
34 1838 X Z.Ji§ Phenylacetonitrile 0.66+046¢c  0.04+00lc  1.65+0.66c 15.00£240b 1030+1.26b = 6220+6.16a




%5 61 XL, 5. BR TR ESBRIER B SPME-GC-MS 4347 135
gkl
pE ﬁ?ﬁﬁ [i] wam X &0 41 Contents/%
etention C
No. i e/min omponents % 2 V3 \7Z! V5 Y1 Y2
35 18.54  y-#EH y-Pyronene - - 0.17£0.092 - - 0.04+0.01b -
36 1947  2-3KEE 2-Borneol - . = 0.03+00lc  0.17+004b  045+£004a  0.01+£0.00c
37 1976 HEITHEE Epoxylinalol - 0.02£00lc  008+00la 005+001b 002£00lc  0.01£000c  0.03+0.0l¢
38 2021 THRMEERE Leaf butyrate 071£005a  055+0.10b  0.16£0.00c  0.09+0.04c  0.03+0.00d - 0.04+0.01d
39 2042 K¥HEE S Methyl salicylate 579+1.14a  614+£159a  095+024b  031£007b  0.14£0.04b  040+£0.02b  039£0.09b
40 2089  ZE% Decanal 0.10£0.02ab 0.14+0.03ab 0.10£0.02ab 020£0.11a  0.04=£001b  0.02£0.00b  0.04+0.00b
41 2183 JRERMERE Leaf pentanoate 0.08+£0.00ab 0.12+002ab 0.14+0.06ab 0.17+0.10a  0.04+0.02b - 0.02£0.01b
v ’—:u i
4 21.98 AR er”. 0.15+0.00a - 007+001b  0.04+0.02b  0.02+0.00b = 0.02+0.00 b
(Z)-3-Hexenyl isovalerate
43 2384 U5 Indole 0.04£001b  007+004b  005+001b  026+£004a 023+£0.04a  0.14=0.13a  0.07+001b
44 2417 1EF =4 Tridecane 0.04+0.02a  0.04+00la 003+00la  002+000a 0.01+000a 0.01+0.00a
2- L PIMRRR-2.2 - — I JE-1-(2-
Fok-1- L) e
45 2593 2-methyl-Propanoic acid- 2,2- - - 0.08+£0.04a  0.01£0.00b  0.02£0.01b  0.01+0.00b
dimethyl-1-(2-hydroxy-1-
methylethyl)propyl ester
2,5-ZHEIEChE-2,5-
CHER A
46 2634 EI]f:u"%wm 0.04+£003b  0.06+005b  0.19+0.I1a  003+00l1b  0.02+00l1b  0.03+002b  0.02+0.02b
2,5-Dimethylhexane-2,5-
dihydroperoxide
47 2746 (2)-FHH (Z)-Jasmone 0.15£0.03b  0.10£0.02c  0.09+0.02c  0.05+0.00cd 0.03+£0.00d 0.03£001d 025+0.0la
DU FF R 2 e —
48 28.00 PR ) 0.06+0.01b  0.13+0.03a  007+0.00b  0.05+0.01bc 0.020.00 cd = 0.01+0.00d
Tetramethy! decynediol
49 28.16 5t T &M Isocaryophyllene 0.09£0.02a  005£0.00bc 0.07+00lab 0.04£001c  0.01£0.01d =
50 2865  o-F A o-Bergamotene 0.07£001b  0.19+006a  014+00lab 0.08+001b  0.07+0.03b = 0.02£0.01 ¢
E)-B- Axl-,
51 2928 E)p &Y 0040032 006+004a  006+£000a 0.02+£000a 0.01=0.00a = 0.01+0.01a
(E)-B-Famesene
52 3008  KARFEM % D-Germacren 0.07+0.03a  0.05£001a  0.01£0.01b = - -
o _{)Axb. e
53 30.45 (@Eye-S R R 0.09+0.0la  0.04+0.00b  0.03+0.01b 5 - =
(Z,E)-a-Farnesene
54 30.86  o-& AW o-Farnesene 323£0.10a  1.02£005b  0.18+007¢  0.03+000d  0.01+0.01d = 0.05£0.02 cd
55 3136  8-FtAAME 8-Cadinene 005+0.00a  0.02+0.00b - S s -
7)) H R
56 3271 (2R B 00600l cd 010£002c 020£003b  026+£004a 008+£00lc  002+000d 0.02+0.01d
(Z)-3-Hexenyl benzoate
2-FAEE R 140 T HE-2-F 4E-1,3-
i — Jk g
57 3347  2-methyl propanoic acid- 1-(I,1-  0.10+0.03b  0.07+£0.0lb  036+0.19a  0.04+0.0l1b  0.04+001b  0.05+0.03b  0.02+0.00b
dimethylethyl)-2-methyl-1,3-
propanediyl ester
A — S — BT
58 g A-HE=RTH 0.15£0.02ab 0.18£004ab 009=001ab 023+0.8a  0.08£002ab 0.03£0.02ab 0.03£0.01b
Diisobutyl phthalate
it Total identified /% 97.08+0.18  9651+099  9757+0.15  9841+0.16  9856+0.17  9844+0.18  98.48+0.18
22 Hydrocarbons 1447+077d  1977+237cd 57.94+551a 3035+£092b 24.13+£2.12bc 25.04+733bc 22.37+8.29 bed
12 Alcohols 69.62+£0.87ab 6503+£0.60bc 3342+503e 49.78+1.09d 62.19+127c 72.36+£742a 11.93+£0.02f
SR A Nitrogenous 0.63£053¢c  0.09+003c  1.52+071c 1588+2.87b 10.14£145b  0.14£0.12¢ 6227+923a
Ll e
e 62K Lipids 10231452  10.00£190a  3.73£003b  3.77+£087bc 126+038¢c  076+0.13¢c  0.87+0.18¢
Grouped compounds/%
T2 Furans 115+0.15a  0.59+028b  031+£0.04bcd 027+0.03cd 0.10+0.00d  0.08+0.05d  0.45+0.04 bc
52 Aldehydes 0.76£020ab 090£030a  038£007bc 052£030ab 047+£025ab 0.03£00lc  033£0.14b
F{#% Ketones 0.15£0.03b  0.10£0.03¢c  0.09+0.02¢  0.05+00lcd 0.03+£001d 0.03£001d  026+0.02a

T “OFIRAME Y FUT ARG F RO A R R B NI Z 5 R (P < 0.05).

Notes: “-” indicated as not contain. Different letters in the same line indicated significant in different development stages at P < 0.05.
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SPME-GC-MS Analysis of Volatile Components in Euonymus sanguineus
var. paedidus Flowers at Various Development Stages

LIU Zhi-hong, XIE Qing

(College of Forestry, Shanxi Agriculture University, Shanxi Key Laboratory of Northern Functional Oil
Tree Cultivation and Research, Taigu 030801, Shanxi, China)

Abstract: [Objective] To study the changes of volatile components in Euonymus sanguineus var. paedidus flowers
at 5 development stages (V1 to V5) and the causes of its pungent odor. [Method] The volatile components at vari-
ous development stages and in petal (Y1) and disk (Y2) of E. sanguineus var. paedidus were analyzed by headspace
solid-phase microextraction combined with gas chromatography-mass spectrometry (SPME-GC-MS) as well as prin-
cipal component analysis (PCA) and hierarchical cluster analysis (HCA). [Result] A total of 58 components ac-
counting for 96.51%-98.56% of total were separated and identified. The major constituents were linalool (0.15%-
70.79%), leaf alcohol (0.41%-65.51%), phenylacetonitrile (0.04%-62.20%), 2-ethenyl-1, 1-dimethyl-3-methylene-
cyclohexane (0.02%-32.99%), (E)-B-ocimene (0.25%-21.26%), o-pinene (0.02%-20.41%), D-limonene(1.01%-
11.74%)and methyl salicylate(0.14%-6.14%). The volatile components in all samples were dominated by alcohols
(11.93%-69.66%), followed by hydrocarbons (14.47%-57.94%). Analysis of the volatile components revealed the
qualitative differences among the samples studied. According to principal component analysis (PCA) and hierarchic-
al cluster analysis (HCA), the volatile constituents at various development stages and in parts of E. sanguineus var.
paedidus flowers were grouped into four different chemotypes. V1 and V2 were leaf alcohol (type I), V3 and
V4 were complex and not obvious (type II), V5 and Y1 were linalool, (type III) Y2 was phenylacetonitrile (IV).
[Conclusion] The volatile constituents of E. sanguineus var. paedidus are different at different development stages
and the pungent odor is mainly related to phenylacetonitrile released by flower disk at flowering.

Keywords: Euonymus sanguineus Loes. var. paedidus L. M. Wang; SPME; GC-MS; phenylacetonitrile; PCA
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