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SR P AERZHGLFE RS ; BHEFERELERS S SEREG, AUABRELGIERR,
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GC—MS Analysis of Volatile Components from the Heartwoods of
4 Cunninghamia lanceolata Clones

Yu Xiaorui ', He Meiqing?, Liu Yun?, Li Liping?, Zhang Jiayan', Zhao Ping '*

(1. Key Laboratory of National Forestry and Grassland Administration for Highly-Efficient Utilization of Forestry Biomass Resources in Southwest
China, Southwest Forestry University, Kunming Yunnan 650233, China; 2. Key Laboratory of Ministry of Education for Forest Resources
Conservation and Utilization in the Southwest Mountains of China, Southwest Forestry University, Kunming Yunnan 650233, China)

Abstract: The volatile oils in the heartwoods of Cunninghamia lanceolata clones collected from Kaihua
County, Zhejiang Province were extracted and analyzed to clarify the composition characteristics and content dif-
ferences of volatile components in different clones. The carbon dioxide supercritical fluid extraction method was
used to extract volatile oils, which were analyzed by gas chromatography-mass spectrometry (GC—MS), respect-
ively. It was found that the yields of volatile oils from the heartwoods of 'Kaihua 3', 'Kaihua 13', 'F24x Nal—1" and
'Daba 8' clones planted in 1998, and 'Kaihua 3' clone planted in 1993 were 1.34%, 1.26%, 1.04%, 1.45% and
1.33%, respectively. Among them, the yield of volatile oil in 'Daba 8' heartwood was the highest. A total of 71
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volatile components including 53 kinds of terpenes, 12 kinds of terpene alcohols, 4 kinds of terpene esters, and 2
kinds of the others were identified from the 5 samples of 4 clones, and the 31 compounds are common ones.
Among 'Kaihua 3' planted in 1993, 'Kaihua 3', 'Kaihua 13', 'F24x Nal—1' and 'Daba 8' planted in 1998, 48, 48, 52,
52 and 50 volatile components were identified, respectively. The main components in 5 samples were cedarol,
a—cobaene, f—caryophyllene and manool, and the content of cedrol was the highest in all samples. The terpenes
and terpene alcohols with the higher contents should be the prime fragrance source of the C. lanceolata, but the
some differences on the composition and content differences of volatile components in different clones. Accord-
ing to the results from principal component analysis, the 'Kaihua 3' planted in 1993, 'Kaihua 3' and 'Kaihua 13'

planted in 1998 were grouped in the same category due to the similarity of the composition and contents of volat-

ile components, and the 'F24x Nal—1' and 'Daba 8' were divided into the other 2 different categories.

Key words: Cunninghamia lanceolata; clone; heartwood; volatile component; GC—MS

¥ AK ( Cunninghamia lanceolata ) J2:3% ¥ 5 &
B MRz —, BAERKHR, e, Mk
U &SR EAR T RER R A
MFPE A B R R T B, BARFEEAMRR
FRPE RO STAIME TR E MRS AT, EAR
B O EAKE M, HEER ARIRE . o AR
LEUO - B . BURETETE . BT,
KT IR RZEDEMME . MRSERER
iR S =R /N (E PN EZ-W NI P/ & 8 % NI )
PR NE AT AR DGR 9 AR il

AR, GC-MS B AR iz W T8 vk
53 B S P A B A BT A S R TR
{2z R RURE M ( Cinnamomum camphora ) W5 %
PR AT #E4T T GC-MS B 404, R BAS [l 4k 27
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S AR P SE o K 18 R AR R M A3 xR
Bk ¥ ¥ ( Dalbergia cochinchinensis ) FIY M 85 48
( D. retusa ) RiAT T HEMT . 2 WIHHAS [7] To Pk &
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WF5E LL#T VLA TH AL E R AR B89 1993 4R TF 4L 3 5 Al
1998 4 1 JF 46 35 . JF4K 135 | F24x JIf 1-1,
K8 5 4 NTERIZAR DM RS, R
I FE CO, TR A A X AR Zym AT $E 1, 2
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R 225, N2 KRB — 0 255 TF K A
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Fig. 1 Total ion chromatographic profile of the volatile

components from the heartwoods of

4 C. lanceolata clones
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Table 1 The volatile components in the heartwoods of 4 C. lanceolata clones
oA =N
4§ﬁ@ 2@ o HER I — mfjﬁmw - -
1 7 xHF1-1 35 H35 (CK)
[17 =N o RN CioH;s (136) 0.08 0.44 0.84 0.29 0.27
A2 W CioH;s (136) — 0.02 0.01 — 0.01
A3 [T CioH;s (136) — — 0.02 — —
A4 B kEk CyoHye (136) 0.06 0.05 0.08 0.02 0.03
A5 plo—SEibkz CyoHyy (134) 0.01 0.02 0.02 0.01 0.02
A6 d—Fr s CoHye (136) 0.04 0.11 — 0.04 0.08
A7 it CioH;s (136) — 0.04 0.02 0.01 0.04
A8 T CoHye (136) 0.69 0.65 0.41 0.23 0.33
A9 o] LA CisHy, (204) 2.89 6.77 5.08 6.80 6.62
Al0 a—HIAS CisHy, (204) 0.61 1.08 0.77 0.79 0.98
All AR (+) —Valencene CisHy, (204) 0.06 — 0.24 1.03 0.44
Al12 (18,58) —2-Hi%-5-
((R) —6-H LB —5—fi— CysHy, (204) 0.08 0.09 0.18 0.21 0.09

2-3) WH[3.1.012 -2
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gkl
A=)
R oy HER I — F;H;J H%M’ . .
1 7 xAF1-1 35 35 (CK)
E¥E A BT H CysHaq (204) 1.63 3.55 2.68 3.97 3.14
Al4 cis— (=) =B DU CysHy, (204) 0.50 0.73 1.01 1.12 0.75
Al5 (+) —Prezizaene CsHyy (204) — 0.03 — 0.03 0.02
Al6 A P-Gr G R CysHyy (204) 0.45 0.73 0.70 0.83 0.68
Al7 STEMIA CysHyy (204) — 0.02 0.02 0.03 0.03
Al8 YA LM CisHyy (204) 1.51 227 2.16 1.00 1.04
Al9 o BTl M CsHpy (204) 0.15 0.52 0.20 0.21 0.20
A20 KARFEF D CisHpy (204) 0.07 0.10 0.02 0.18 0.02
A21 o~ EHM CysHy, (202) 1.03 2.11 3.97 1.51 1.08
A22 Pk I C sty (204) 0.53 0.47 0.11 0.68 0.53
A23 B—Eril CysHyy (204) — — 0.48 — —
A24 oA 2T CisHyy (204) 0.27 0.64 0.73 0.35 0.38
A25 TR CysHy, (202) 0.69 0.60 0.70 0.76 0.71
A26 B M CysHaq (204) — — — 0.15 0.16
A27 o~ E i CysHaq (204) 1.01 1.43 1.59 1.29 1.29
A28 B2 K N CisHyy (204) 0.69 2.98 1.82 0.84 0.84
A29 TR CisHyy (204) — 0.14 — — —
A30 cis—HIE 2 # CisHyy (204) 0.08 0.17 0.34 0.33 0.33
A31 o ZEAHERK CsHy (200) 0.06 0.21 0.16 0.07 0.08
A32 YA CysHy, (204) 0.09 0.05 0.02 0.06 0.03
A33 (+) —Ftes CysHyy (204) 0.01 — 0.12 0.07 —
A34 oAU CysHyy (204) 0.12 0.14 0.08 — —
A35 B CisH,, (204) 0.05 _ _ _ _
A36 K CisHy, (204) 0.11 0.07 0.12 0.06 0.05
A37 MRIARm-3, 9- "% CisH,y (204) 0.28 0.14 — 0.25 0.22
A38 BEFE A CysHaq (204) 0.62 — — — —
A39 BB I CysHaq (204) 0.84 0.45 0.66 0.69 —
A40 AL CisHyy (204) — — — 0.05 —
A4l KA CysHyg (198) 0.13 0.16 — — —
A42 B-Neoclovene CisHyy (204) — — — 0.06 0.06
A43 B A CysHyy (204) — 0.04 — — —
Ad4 (E) —KMjRlf CsHyy (204) — — 0.04 — —
A45 B—h 1] FRLA CisHyy (204) 0.49 0.44 0.41 0.39 0.28
A46 14— FRHRE—5— KA C,sH,,0 (220) — — 0.10 — —
A47 Cyperadiene CysHy, (202) — — 0.02 — —
A48 10S, 11S—Himachala— CysHy (204) o o 0.01 o o

3 (12) , 4—diene
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fesiy A et TR (5T FxT e
U KHIS  JFRIZE F24df1-1 JEE3E JFE3E (CK)
WEZE A49 B-HHIA CysHyy (204) — — 0.02 — —
A50 YRR CysHyy (204) — — 0.06 — —
A R
A52 ST CysHyy (204) _ _ _ 0.03 _
A53 1, 4-Dimethyl-8—
isopropylidenetricyclo CisHy, (204) 0.02 — — 0.03 —
[5.3.0.0 (4,10) ]decane
/it 16.00 27.46 26.04 24.46 20.84
w2k Bl FiE CyoH;50 (154) 0.03 0.07 0.04 — 0.06
B2 2B CioH;50 (154) 0.05 0.09 0.05 — 0.07
B3 A AR CoH g0 (154) 0.02 0.02 0.01 — 0.02
B4 o ARV CioH,30 (154) 0.44 — 0.30 0.20 0.62
BS 4y BER CysHy0 (222) 1.77 0.94 1.62 1.56 —
B6 FAAREE CysHys0 (222) 42.66 24.76 34.18 37.78 48.29
B7 Bt CsHy0 (222) 0.76 0.69 — 0.51 0.53
B8 o—FEFARE CysHyO (222) 1.75 1.24 0.98 1.18 1.25
B9 oA CysHy,0 (220) 0.10 0.38 0.41 0.17 0.23
B10 AR &3] CisHy0 (222) 0.98 0.81 0.92 — 0.97
BI11 THAZ CyoH340 (287) 2.86 3.04 1.73 3.61 2.43
B12 (+) —9, 10—Anti—copalol CyoH340 (287) — 0.10 — — -
N2 51.42 32.13 4025 45.01 54.47
EEERE  Cl LRI Hwilie C12Ha00, (196) 0.09 0.11 0.12 0.07 0.05
2 Mk WA R Y i CyH;40, (180) — 0.03 0.09 0.05 0.03
C3 E—75 % Y i CyH30, (182) 0.03 0.04 — 0.02 0.02
C4 LIRFUARNE C17Hps0, (264) 4.16 211 3.33 2.01 1.83
/it 428 2.30 3.54 2.15 1.93
HoAh DI VaKUES C,sH,,0 (220) 0.14 _ _ _ o
D2 THAA R CyoH3,0 (287) — 0.04 _ _ 0.03
N2 0.14 0.04 0 0 0.03
it 71.74 61.93 69.83 71.62 77.37

I —oRAR .

N IS B AN 3 B Y NS A NI
T HE B R A R M O 4 T ar R 438
(K 2), HrpgEmdss3fh, milE2s 128,
IR TR 2 4 Fh R A 2 Fh o 1998 4 4 4> To bk & 3
A 3B3FILHE M, 4TRSS AEEMILE K

A 31, 1993 4F 5 1998 4F 14 FF 1k 3 5 kf i 4t
A isF) 42 Fh . 1998 AERMAE Y ITF AL 3 5 5[
AR Y F24x IR 1-1 3L B4 o 38 . 5 JF
13 5 A oo 41 Fl, 5 ORI 8 5 A

A 40 Fib
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Fig. 2 Classification of volatile components in the heartwoods of 4 C. lanceolata clones

1993 4EFF 4k 3 5 K H il 4 25 i o A 33 F
(A XT & 2 R 20.84% ) . il BE 2R A4 A 10 Fl
(54.47% ). WEIRBEIE A 470 (1.93% ) FLH:
MRS A 1R (0.03% ). 1998 4EFF1L 3 5S4 H
AR 37 Fh (24.46% ) . WEEEZE A
7R (45.01% ) FIBSIEERIS A 4 FF (2.15% ).
1998 4 F24x AR 1-1 K i A4 il s 28 il 43 A 39 F
(26.04% ). WEEEIE A 10 F (45.01% ) Fli
IR 3 (3.54% ). 1998 4E -1k 13 5
K B 2 0 A 36 Bl (27.46% ), 22 Al
S 1LFRD (32.13%) W M i 28 B o3 AT 4 D
(2.30% ) FIHABSEM A 1A (0.04% ). 1998
AERIN 8 SRt A M 2 oA 35 A (116.00% ),
T A 11 b (51.42% ) . 1 4 TG 26 2y
A 3FP (4.28% ) FHABZEAL AT 1 FF (0.14% ).
XF4AToE R S ARG R R 2= X e
K, FAIAREE (cedrol ) K 5 FEMH & B = 1Y
Ay, HAE 198 F Ak 3sh & ERm
(48.29% ), KUK 1998 SRR 8 5 (42.66% ).

T4k 35 (137.78% ). F24x BB 1-1 ( 34.18% ) Al
HAE 13 5 (24.76% ).

1993 4, 1998 4EFPHE I FF 1L 3 5 Hh %5 H %
KA R 48 B, 1993 4EJF AL 3 5 AR A
HAE 1% L B 9 FF, 5 &A1Y
66.97%, 1998 4F 1k 3 5 3t %5 e A X & = A
1% LA BB R4 A 11 RP, o R4 & M 4 10
61.86%, FMATFAREE ., a0l B4 . B—A 1T .
HEZEE . CRRMIARERP & By —20, 1993 4
5 1998 4E Ik 3 SXF Lt al LAAR H, WK,
FIA T BT 5 s . 1998 4R T4k 13 5 3L s s
S2 P, AN EEAE 1% DL EAAE 1A, R
KAERL ST B 51.34%, FAKREE (24.76% ). o—n]
Wi (6.77%) . B~ ¥ (3.55%) F1iH 42 BE
(3.04% ) iX 4 Bl & = HEF 5 1993 4FF1 1998
EFFAL 35 3, 1998 4F F24x IF 1-1 L%
HOS2 b, MIXT S ETE 1% LA BRI 1R, 5 A
&R B 59.17%, FAAKEE (34.18% ). o—1]
M (5.08% ). o—E M (3.97%). LA
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fig (3.33%). B—A1T# (2.68%) HJIH E W57
1998 4F K Hl 8 5 4 4 ¢ tf 50 A, M X & &= AE
1% UL B0y 9Fh, o B & PR 19 61.27%,
F O N R B (42.66%) . Z TR HI K T
( 4.16%) . oAl 4 ( 2.89%) F1iH £2 %
(2.86% ), LFRIIAKES (4.16% ) MY+ 5 HAb
AATMERM LR T a-TT BV (2.89% ) Fd.
23 AEAEHREREROCHELEER S ERS

il

K H SPSS 24.0 #cfxt 4 N HHEZR 5 DAL
W R AR EAT o o0 AT, S5 R R 4 4T
PR 5 AAZ AR M REA AT DLBH B b R 23 Ry 3 2%
(K 3). 1993 T4k 35 . 1998 4E T4k 3 = Al
Tk 13 F s AL, B —2, i 1998 4%
K8 5 F1 F24x B 1-1 2% H B R — 2,
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Fig. 3 The principal component analysis (PCA)

diagram of volatile components in the heartwoods of

4 C. lanceolata clones
3 S5t

M AANTEHER 5 MR FE K rh 2 e
7R RS, AR DS 53 R L A
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