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Component analysis of volatile organic compounds from branches

and leaves in seven Acer species
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Abstract: To analyze the volatile organic compounds (VOCs) released in Acer spp., VOCs from the branches
and leaves of Acer ginnala, Acer palmatum, Acer buergerianum, Acer cinnamomifolium, Acer yangjuechi, Acer
pubinerve, and Acer davidii were collected and analyzed by the dynamic headspace air-circulation method and
thermal desorption system/gas chromatograhpy/mass spectrum (TDS-GC-MS). Results showed that the species
of VOCs and their relative proportions varied significantly with species of Acer spp., A. ginnala and A. davidii
released 17 and 20 kinds of VOCs, respectively, most of which were esters, aldehydes, and alcohols, such as 3-
hexen-1-ol acetate, decanal, (Z)-3-hexen-1-0l, and nonanal. A. palmatum, A. buergerianum, and A. pubinerve
released 15, 19, and 23 kinds, respectively, most of which were terpenes, esters, and aldehydes, such as
ocimene, 3-hexen-1-ol acetate, (7)-decanal, longifolene, and nonanal. A. cinnamomifolium released 24 kinds of
VOCs, most of which were terpenes, such as ocimene, a-pinene, 3-carene, B-pinene, and terpinene. A.
yangjuechi released 25 kinds, most of which were terpenes, aldehydes, and alcohols, such as decanal, longifo-
lene, 2-ethyl-1-hexanol, caryophyllene, and nonanal. Thus, the health function of VOCs from these Acer species
could be utilized in healthcare gardens. [Ch, 3 fig. 1 tab. 29 ref. ]
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Py 3k O A AR R T 4% A PILAEG & ) (volatile organic compounds, VOCs) 3 2AFE i 2E . 4
NIRRT AR R AT A 11X 88 VOCs ZAYAE KD . B E WA BT RARHUAF &0 3 &
BEFB, NS EREE s AU R R A O A A IR R A A BT R R 1 R R, X
MR A R VOCs BB B 22 . Hi, EAOT5EE B AEmAS Pinus tabuliformis, A1 Platycladus
orientalis S5 EF IR BT R R RS 2 R GEWEST o B Acer spp. SR A BE Aceraceae B R
Acer [EWFRARSEAR, 77 T A0 MK, 2 V5 I Fa bR B e TR S AR A B T A 1L i R bR 1) 2
FERD A LA AL, R AR AR, A AR RS R R 2,V R S O R L A o el b
P A4 BB AL saccharum, T A. mono, JCEM A. truncatum, Z WK A. negundo FIHE IR A.
platanoides SEREHL) VOCs HAF S5 Ml R R ME WS E, T HAD B Bl VOCs #
ARULHRIE . K, ASHIESE LA S il g pA kL, R P TR bk 3l 285 0028 ARG 20 R 2 1k 55 AU B/ S0ME £
T/ 1% (TDS-GC-MS) Bt FH 452 A 5 AS R B BE i VOCs, B FEIR R B ik VOCs 44y S, ik —
AHRFERE ) VOCs X 355 5T 1 (14 5% ) L N A ) T 4 A4k 4l o

1 #HE5 7%

1.1 w8

LA VLAR AR R AR IS X7 B A [R] SO 15 25k A cer ginnala, 38T A. palmatum, =W A. buerg-
erianum, FEMHK A. cinnamomifolium, F fAWR A. yangjuechi, Tk A. pubinerve FIH MM A. davidii }y
MR, R, B 15 a ZZEA R HRA B VOCs,

1.2 VOCs %&

F 2013 4 7 J§ 10-20 H E/F 10:00-11:00, >R 1 2l 25 T 28 ARG 0 1SR 42 7 b B A i B ik
VOCs, BEFA KB f, REM R 40 F -0, 3WER ., RAUEAR N 0.1 m®, KA 30 min,
SR E 0.1 m’ min™',

1.3 VOCs &o#7

VOCs 43 H7& ] TDS-GC-MS HEFH A, (s X SR E %2 % 3Cik[11], TDS (4[5 GERSTEL 24
A TD3 B TAEA M. REGHAET) 20 kPa, JEFE IR 250 °C, BEFHEEE 250 °C, 10 min, ¥ Bk -
100 °C, f£F5 3 min, ¥ BEJERERHE B BRSRTH 2 260 °C, GC(7890A, Agilent ZHE R A BRA R ) TAE
ZfF . BIEAE N 30.00 m x 250.00 wm x 0.25 wm [ HP-5 MS #%; F2FETFE; W14 40 °C, 4 min 5
L6 Comin™ [l R I} 3 250 °C, £+F 3 min J5 LA 10 C-min™ p 3K T} F 270 C, £+ 5 min, MS
(5975C, Agilent ZHACRHEARAF]) TAESMF: Wy EI, ®7RERN 70 eV, B yuH b 4.67x
107~75.02x1077, $e R E 280 C, &1 230 °C, PUYAFiRE 150 C,

1.4 HiELIE

>k FH NIST 2008 §if% [5] 22 e Josi €2, 3% (B2 Bf [, [l ) 255 T TG R A€ VOCs 1Ly, A H e i AU — 1k

P E 2 50 0 o3 B i, B AL R A Origin 8 2

2 HERGAH

21 MR 7 MEW RN VOCs 5

PR B 7 BlAE P B VOCs @i TDS-GC-MS 23 (& 1), fnBRA R = h e, e
A48 b (3R 1) o HoPim R 2 th 17 Mk 3, EREMRIE . MERMPE, (46 & e me ik
(63.0%), %M (6.5%)Fl 2-2,H-1-CL B2 (5.6% ) 45 10 Rk &4, i VOCs B EE Y 89.7% ;5 R TCHRAR I Hh
IS Ffb &9, TFEIEERE . WERMEESE, MG L MM Bl (49.6%), KM (9.7%), 2-43%-1-C B
(11.7%)55 11 ML &9, 5 VOCs G 85.5%; = fAtiAa il i 19 fifb &4y, TR mEE . mRMb
XK, WP (203%), Ktk (10.6%), LM EERS(13.0%), S8 (11.3%) FE8E(9.2%) 5 14 Fife
G, 5 VOCs B 84.9%; ARG I Hh 24 Fiib& 4, T2 NP 8 (24.4%), a-JRk (15.6%) Fi
3-89 (11.9%) %5 18 Fhifi KL &4, 5 VOCs HAR1Y 96.6%; A MA I th 25 P ik G4, E2RMEE
BESE MRS, QARG (12.0%), £ 474 (10.1% ), Z$ 8 (14.9%) , T B (8.6% )M 2-2 H-1-CL B
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Table 1  Main components of the volatile organic compounds released from branches and leaves in 7 Acer species (mean = SD)
HRMAIL S TR HIR LA
! Z 2 . X SR SR . y . )
) WM WK S meObEE R BRI TR
(e
3-EE f5 3-garene CioHyg - - - 330.39 + 0.05 3.42 + 0.03 - -
a-JR M a-pinene CioHyg 290 +0.12 1.80 £ 0.37 1.08 +2.15 433.87 + 432 9.67 = 1.01 3.17 + 0.31 3.03 + 1.76
B-JE K B-pinene CioHyg - - - 299.27 + 1.18 14.72 + 0.01 9.88 + 0.19 -
B #))45 ocimene CioHyg - 2.36 + 0.97 32.55 + 0.02 679.70 + 1.64 2.88 + 0.25 26.91 + 0.89 -
S R M trans-ocimene  CoH g - - - 102.86 + 1.21 - 2.57 + 0.01 -
W %2 W4 Allo-ocimene CioHyg - - - 39.87 + 2.54 - - -
D-F7 8 45 D-limonene CioHye - - - 20.36 = 0.23 - 7.36 £ 2.34 1449 + 2.67
FA 1 4 terpinene CoHye - - - 257.16 + 9.18 - - -
fEJ#% pyronene CoHye - - - 9193 + 849 6.83 +0.15 - -
¥ £} )% cyclofenchene CoHye - - - 217.38 + 6.37 - - -
M 5 I 5 terpinolene CioHye - - - 147.15 + 9.81 - - -
T carveol CioH O 2.07 £ 0.01 - - 9.22 +0.12 - 13.80 + 0.84 -
14-¥ B i 1,4-cineole CioH 0 - - - 11.15 + 1.67 - - -
i i % terpineol CoHisO - - - 424 +5.02 - - -
k4 cadalene CisHig - - - - - 4.66 + 0.24 -
WA thujopsene CisHyy - 1.84 = 0.99 - - - - -
K304 longicyclene CsHyy 216 £+ 0.69 283 +1.00 4.63 +2.17 437+034 699 +1.27 3.26 +0.04 3.20 = 0.56
K- longifolene CisHyy 6.77 +2.52 13.74 £ 2.35 17.04 =+ 1.16 21.40 = 2.02 4423 + 5.64 21.13 £ 2.70 15.09 = 0.02
E I cedrene CisHy 241 +1.33 3.01 £0.18 3.81 £046 492+ 1.10 9.00 £ 1.26 525+ 043 3.02 +2.39
1174 caryophyllene CisHy 1.95+090 287 +045 897 +3.00 15.99 + 1.80 37.01 = 2.01 10.09 + 1.08 3.65 + 1.22
1] [ copaene CsHa - - 3.50 + 0.42 - - 4.12 + 0.58 -
BE VS i 4 cadinene CsHa - - 247 + 0.06 - - 12.71 £ 0.11 -
A 223 M muurolene CsHo - - - - - 271 +0.13 -
2 Je 1 farnesol CsHx0 - - - - - 2.46 + 0.60 -
W%
(7)-3-t J-1-f 3-hexen-
CeH 1,0 - - - - - - 32.73 + 1.48
1-ol, (Z)-
2-Z, K:-1-00 % 1-hexanol,
et CgHiO  11.84 + 0.21 16.55 = 0.50 10.74 + 5.32 - 43.21 £ 0.02 18.94 + 0.61 22.65 + 6.54
-ethyl-
(E)-2-F Jfi-1-fiE 2-nonen-
CoH 50 - - - - 3.50 + 0.43 - 3.15 + 0.49
1-ol, (E)-
3.7-= WOR-1-E BEO1-
CoH»0 5.10 £ 0.04 2.17 £ 0.15 - - 2.64 +£0.17 3.00 +3.56 7.65 + 0.03
octanol, 3,7-dimethyl-
1-%%4 i 1-decanol CioH»0 2.95 + 0.07 - - - 4.84 + 0.20 - 3.81 £ 0.01
Jz H-2-+ = K5-1-F% trans-
Cp,Hx0 351 £2.16 1.65+0.67 574+099 9.82+0.06 16.83 + 1.23 4.84 + 0.50 10.03 £ 0.95
2-dodecen-1-ol
s
iR T formic acid, vinyl
C;H,0, 423 +0.33 2.55+0.02 - - - - -
ester
Z 1% M g 3-hexen-1-ol,
CgH,0, 133.57 £ 5.66 70.21 + 8.89 20.91 + 1.29 — 1537 +7.61 43.37 + 540 69.83 + 4.12
acetate
Z 1R CLTig acetic acid, hexyl
CgH 0, 2.67 +0.25 2.12 +0.03 - - - 2.65 +0.11 -
ester
KA 1% R g
' CsHL05 - - 339 + 0.06 - - - -

methyl salicylate
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Table 1  (Continued)
BRMAIALAED AT WL AXIO!
SRR MR SR NOTEE EMIR BIKIR R
=2 it M BE hexenyl
::Ob;noa;: i Y CoH0s - - 202+ 1.83 - - - -
FiRR2-L O8O W acetic o 2681000 - - ~ 1570+ 033 11.05  1.21 10.06 + 0.16
acid, 2-ethylhexyl ester
2.1 Je i1 bornyl acetate  CyHx0, - - - - 4.10 = 1.00 - -
e
zi}i;ji fz CHL0 - - - - - - 4.62 = 0.11
T nonanal CoHiO  10.04 £ 1.17 753 £ 1.94 14.74 + 3.25 32.67 +2.58 31.49 + 3.41 11.03 + 2.75 29.63 + 3.06
HiZZ % cuminaldehyde CoH .0 - - - 3.98 + 0.05 - - -
Z& 1% decanal CioHpO  13.76 + 1.35 6.00 + 1.79 18.18 £ 2.31 27.37 + 6.00 54.87 + 5.14 12.03+ 3.77 44.24 + 8.00
- — % undecanal CHx0 - - 2.15 £ 0.34 - 5.88 +2.75 - -
%
LT acetophenone CsHs0 - - - - 3.67 +1.22 - -
S A9 2K Bl isophorone CoH,, 0O - - 2.12 £ 0.03 12.93 + 0.10 6.45 + 0.21
GREeLY C;3Hx0 - - 2.00 £ 0.72 8.55 +0.51 9.69 + 0.01 - 3.04 + 0.98
acetone, Geranyl-
yee
1-+ =% 1-dodecene CHoy 3.31 + 0.15 - - - 3.36 + 0.32 - 442 + 041
2,6,10-= H JE-1 U 4
tetradecane,2,6I)-triﬁnethyl- Crtls - B - - 438 = 0.81 - -
2 W% caprolactam CeH;;NO - 438 +1.27 355+1.30 13.75 = 1.01
Ve kR
(11.8%)% 17 Fk &%), 5 VOCs i1l 81.1%: & PR
BRI 23 R 40, £ BRI, dE L it o b
B (11.4% ), 45 (8.9% ) Fil £ 1R 1 (18.3%) 20 Bk
S 18 FMALA Y, (i VOCs BBk 79.0%; 7 1 ks of ke el o
M 20 Fpfe &9, FERER . BREMER, g 20 r AR
LR B (23.7%) . $WE(15.0%), TR (10.1%), o 0 el L
(Z)-3-CLK5-1-2 (11.1% ) Bl 2-7, -1 2 (7.7% ) %5 X 30 [ gt
11 FiE a8, 5 VOCs 24tk 80.9%. o 207 M"ﬂ
AR R 7 4 B VOCs B3 AT Y 2 o = 0 — Lol
oo KM . KOEIRE . SR . AT . Rt 0= |1
TR TR 8 R A, A PV VIS SR S IV
AEBR . IR, S AR BEOHRE . A B KA o[
OB A5 B B 20.5% , 26.7% , 46.2%, 19.8% , 0 Ll b Ladl 0
57.2% ., 29.9% Fi 38.0%. I B 5 T R 30 1
JeM . RGBSR R . B KT R el | A
S A B 21.5% , 32.6% , 70.0%, 67.4%, T ‘;‘5 e 2‘5 Pv—
55.4%FN 43.9% . R A Lo Bk 2 1) 2 R A (24.4%) {/min
HJEHF M (1279%) . BRI (4.2%) . = b B 1 7###ERXVOCs¥ESFiR
(3.9%) . “FFH (3.3%) FI0E TR (1.3%) . Figure 1 Total ion current of volatile organic compounds

released from branches and leaves in 7 Acer species



528 ST N S N N = 2016 £ 6 H 20 H

2.2 WHEL7 MiEWRER VOCs MR ERMELLE

7 PR BB PR VOCs Rl TR & BEAFAE 22 5 (181 2) 0 o R RIL A S RIead, whiko
M (8.6%), BEJE 4 Fh(11.0%), B 4 Fh(67.6%), MEH 2 Fh(11.2), kK1 M (1.6%); X TOHE & A
K., MRS KAGY, I T M(20.1%), BER1(11.9%), BRI 3 Fh(52.9%), MESE 2 F
(9.6%), FRAGY 1 F(3.1%); =MD . BI2E . MEREF 6 LW Wi 8 Mi(46.1%), BF
K2 (10.3%), BRI 3 Ph(17.0%), BE2E 3 F(21.9%), FZE2 P (2.6%), FRMGY 1 F1(22%); &
MRS AR L BRSSO MEIEAE S KALE W WK 18 1 (96.6%), BRI 1 F(0.4%), MK 3 F(23%),
Ml 17(0.3%), SHEMLEY 1 F(0.5%); FAME A, B, BERE 6 RS, W9 F
(36.7% ), BESS P (193%), BEIE 3 Fh(9.6% ), BEZ 3 Fh(25.1% ), Wil 3 Fh (7.2% ), k&I 2 Ff
(2.1%); BRKWE AN, B, BERF 4 KMALEY, WK 15 M (54.9%), BEE3 fi(11.3%), MHEk3
F(24.1%), B2 F(9.7%); FHHEME AW B, NEHRT 6 RILaW, Wik 6 Fli(14.4%), M6
i (27.2%), B2 2 B0 (27.1%), BEJE 3 Rl (26.6%), BH2E 2 Fh(3.2%), KK 1M (1.5%). WiRLad&
R AR R, R S R B AR RSB . AR SRR T BB T AR 14.6 £
48 fF . 2.1 4%, 2.6 ff . 2.8 50 6.7 fF . FETT M VOCs IR SAL & WA & i ey, HOADG & B2 3810
B =S AR BRI AR 13 4% 404, T AR, 2.8 A 2.5 A, ERE B ORI ED

100 O 2 24 20 5 S
90 X JTC A X TR
80 = £ 1 = f
o & fj 1 15t o fi 1 i
£ 00 =kl _ =E¥l
= 2@ & ik ik = @ & ik ik
= 50 / 3 75 M 15 10 [ £ 7 M e
%40 / &
30 sL
1 \
0 / NBN . 0
PR OERR MR EIR HEK
AR
|2 7AHAEL VOCs #9484 F B3 7 A AL VOCs o9 FF &
Figure 2 Relative contents of VOCs from branches and Figure 3 Constituents of VOCs from branches and leaves in
leaves in 7 Acer species 7 Acer species

3 Zw 5t

AHIFFE XA AR M XA R T R B VOCs BFFE R B« [ Ja AN [ o ] A2 40 B JC VOCs o S FITAH X6
THZERUIE. SRR R VOCs 22 580K, UL v 2r 38 5 I 28Rk VOCs 22
Sl REAGE RN R LS . M B BRI VOCs 22550/, A a8 (1 63.0%~96.0%) ,
HH R TCRRAE 7% 28 R 36 B0 3 5 (7 91.0%0~94.0% ), ] BE A FT I % B R BEil VOCs Y% 0 28T
AR 5 v AR A TR 32 B2 B 43 B8R 264 5 (50.0% LA ), 55 3k XUBE 26 O a2 b s IX A= KA 4 Rl i
MR BB — B0 MR o- R0 . Bk . SBRMBRNR . RME . R IRE A4 AT )
B, TERFFHEEMLMTTEM T H B VOCs ikl 5], Xl g5 REFE . KEHWHEY . IMRK
PR AR R R G R R ERRA K, MR R VOCs TR ML HNE T IRADTITE o

A A WA 25 500 TR A6 70 LB | JRAE DL BT . LR PURTE . PR . e IS
ARGV TS A A —E A A TR EA B PURE . BUIAR, SR PAIHUMRE Y o3k
M2HL 3RS B-IRME UREST R BN ; PG REEE ST, PURRMT, B L R 2 Y
BRSO BT A AR R B AR MR R TR L TR AR R T, A R T
G o-TRIA L 3R L B-URME IR S =R BRI R, R R R
P, R0 R I AR A AN [ R L A DR A D RE , ) D D 2 el AMAAR 0 A st o i 2 ORI RS JTURR & 5 1) L TR
MAERE (63.1%, 49.6%) /& —F HA A TR R ik, il H ik ] Ao 3 ORRS o 26 & Co~C10 B
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