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Abstract; Volatile organic compounds (VOCs) were collected in different seasons and different times of the day by dy-
namic headspace air-circulation method, and the relative contents and the change laws were also analyzed using the ther-
mal desorption system gas chromatography/mass spectrum ( GC-MS). The results were as follows: Cinnamomum campho-
ra leaves released 78 types of VOCs during the whole year, and the types of terpenes (19) and alkanes (18) were more
abundant than those of other compounds; The relative contents of 32 types of VOCs had significant differences ( P<0.05)

among different seasons; The number of types in March was the most abundant, and the relative contents of terpenes

WA E A 2019-04-03

EE&WH: Wil BT 5 £ W0 H (2016850023 ) [ Supported by Special Program for Academy and Institution of Science and

Technology Department of Zhejiang Province (2016F50023) |,

YEZ I AR (1990-) , 55 VLR ERMN, 4, BRBRATSE 01, EE NSO BHL B RIS, (E-mail ) qizhou36@ hotmail.com,
CEEMEE B, M DRSO RS E AN A VL R ERT S, (E-mail ) zhuomeichen@ 163.com,



1022 OO0 M W

40 %

reached 43.49%, including 1-Caryophyllene, D-Limonene and a-pinene, and the types of VOCs released from C. cam-

phora leaves in other months were mainly of alkanes and alcohols; In spring, the relative contents of VOCs released at

most of the time were all mainly of terpenes, and the relative contents of terpenes released at 8;00 am were the

highest. Therefore, C. camphora is an ideal species for ecological and heathy landscape, and the VOCs released from

C. camphora leaves are rich in kinds of terpenes compounds, which are beneficial for human health, and spring and

morning are the best time for forest recreation.

Key words: Cinnamomum camphora, leaves, volatile organic compounds( VOCs) , seasonal change, diurnal change

TP K& A P (volatile organic compounds,
VOCs) J&—Ff A A AR ™ A, BAE R IR T £
SIS T XA TE 09 A HLY ot ( Bk 55 2001
PRk ,2016) . A[EAEY) B G 05 B AL A B A
[] | X T4 R 22 BT AEAE D) i 3, AERE L VOCs
MER K FZEHE N+ E (Knudsen et al., 2006) ,
EFRA LA AIZE) At iR AP B VOCs
FEOR U ( McConkey et al., 2000; Vassdo et al.,
2006) . HARF Y VOCs o> 5, A
10 000FH LA L= (#5/N5E,2006 ) , e 25 ¥4 5 2 K o]
LSS S S - <o SN SN SN S-S
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(Degenhardt et al., 2009; Unsicker et al., 2009;
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al., 2009) fE#FEHE P15 B 28U ( Cojocariu et al.,
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TARYERFAE N, W HBA S 0T 5k B
(B3 25, 2010 Zhang et al., 2015) i 5 45 #
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XB/NEG ,2009) o IRABETEAHY VOCs FBERUREAE A
AR, AT SR R ARCEA B BT d AR A R A 2
R XoF B B el AR T S R A OR 1

T BA EEE L,
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Y1(119°50" E.30°22" N) . iZARIG 0 T #i VL4 bt
PN B R 2 RS, 4 4R P R0 15.8 °C
AERERN A 1 350 mm, JCARIA 232 d, KIS HE AR R F
R I R SR AR, 2 R Ag B, O L
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LRI} 30 min, A 3 YK, [RIET, A5 205 T BUORE
dFRE N 3 A8 O IR R R4 T VOCs R4, HoAth
B AR R A B F R IE AR S
1.3 VOCs 5 U E

SR FH AR 8 B — SO €235/ 5T 335 36 FH 1% ( Thermo
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tirm , TDS-GC/MS) 5¢ UAEY VOCs J8453 1IN E

1% 214 (7890A AU, Agilent 2 7] ) : HP-5MS
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B G HERER A T R 1.0
mL « min™ ; AW G R B 40 C, f-4F 3 min,

JELL6 C - min FEHRTE R 112 C, & FF 3 min,
AR LL 6 °C + min™ B9 R T+ £ 250 C F1LL 10

°C - min BHEERTFE 270 C 4 +FF S min,

i S F (5975A AU Agilent 23 7)) ¢ HL T35
(ED) B TR, BT ARE &N 70 eV ; H4li i 12 5078 Fl
29 ~400 amu; 25 B 230 °C ;3 MR E
9280 °C; PUZAT R E R 150 °C
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Table 1 Compounds and relative contents of VOCs released from leaves of Cinnamomum camphora in different seasons

X E i Relative content (%)

Fes o Ew CAS 5 o3 i
No. Compound CAS No. Formula 3 6 A 9 i 12 A Significance
March June September  December

1 Z. 64-17-5 C,H,0 0.03 0.08 0 0
Ethanol

2 AT P 75-65-0 C,H,,0 0 0.23 0 0
Tert-Butano

3 =AM 67-66-3 CHCI, 0 0 0 0.98
Chloroform

4 THE 71-36-3 C,H,,0 4.26 3.44 8.40 10.46
Butanol

5 S 110-62-3 CH,,0 0 0 0 0.93
Valeraldehyde

6 1-JR B 71-41-0 C,H,,0 1.05a 0b 0.93ab 0b ok
1-Pentanol

7 A 66-25-1 C.H,,0 3.97 2.20 8.26 3.90
Hexanal

8 e AR T Mg 123-86-4 C.H,,0, 1.46a Ob Ob 0.39b ok
Butyl acetate

9 2,4- " H R B 2213-23-2 CoH,, 1.51a Ob Ob Ob *
2,4-Dimethyl-heptane

10 2,4-ZHHE-1-Bi 19549-87-2 CoH, 6.03a 0b 0b 0b ok
1-Heptene, 2 ,4-dimethyl-

11 4-FaEk 2216-34-4 CoH,, 1.54a Ob Ob 0b sk
Octane, 4-methyl-

12 IEom 203-852-3 C.H,,0 0.95a 0b 0b 0b ok
Hexyl alcohol

13 3-BEfR 106-35-4 C,H,,0 0.18 0 0 0
3-Heptanone

14 T 111-84-2 C,H,0 1.16ab 0.81bc 2.08a Oc ok
n-Nonane

15 Bl 111-71-7 C,H,,0 0.51a 0b 0.38ab 0b ¢
Heptaldehyde

16 SHEE 98-82-8 C,H,, Oc 2.30b 6.72a Oc ok
Benzene, (1-methylethyl) -

17 o-J8R 80-56-8 C,H, 10.70a 3.46b 2.88b 2.36h ok
a-Pinene

18 4-HIAE-2-Je 6137-06-0 C¢H,,0 0.30 0 0 0
2-Heptanone,, 4-methyl-

19 &% 79-92-5 C,H, 1.52a 0b 0.32b 0b ok
Camphene

20 IEWAE 103-65-1 CoH,, 0b 0b 0.65a 0b *
n-Propylbenzene

21 R 100-52-7 C,H,0 0 1.12 1.14 0
Benzaldehyde

22 4-HEThE 17301-94-9 C,H,, 2.13a 0b 0b 0b ok
Nonane, 4-methyl-

23 1,3,5-=IE 108-67-8 CyH,, 0.20 0 0 0
Mesitylene

24 LCTE-B-URME 18172-67-3 CoH, 0.38 0 0.56 0
(1S)-(1)-Beta-Pinene

25 KM% 62-53-3 C,H,N 0 13.02 1.28 0
Aniline

26 o-HERZHE 98-83-9 C,H,, ob 0b 3.92a 0b ok
Isopropenyl benzene

27 2,2,4,6,6-F Pk 13475-82-6 C,H, 0Ob 26.23a 28.45a Ob s

2,2,4,6,6-Pentamethyl-Heptan
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Xt E = Relative content (%)
e e CAS 5 ¥ B
No. Compound CAS No. Formula 3 6 A 9 A Significance
March June September ~ December

28 1,2,3-=HI3EE 526-73-8 C,H,, 0.28 0 0 1.21
1,2,3-Trimethylbenzene

29 FR 5L B4 T 110-93-0 C.H,,0 0.42 0 0 0
6-Methyl-5-hepten-2-one

30 2-1E Rk 3777-69-3 C,H,,0 0 0 1.33 0
2-Pentylfuran

31 Bk 124-18-5 C o H,, 0.76b 0b Ob 12.56a e
Decane

32 2,6-“HIETHE 17302-28-2 C,H,, 3.27a 0Ob 0Ob 0b o
2,6-Dimethylnonane

33 2,5- Tk 17302-27-1 C, H,, 0.66a 0b 0b 0b *
2,5-Dimethylnonane

34 2,2,4,4-PU kR 62183-79-3 C,H, 0b 1.05a 3.36a Ob *
2,2,4 ,4-Tetramethyloctane

35 APRNERR 527-84-4 C,oH, 1.38 0 0 0
1-Isopropyl-2-methyl-benzene

36 D-FrEEME 5138-86-3 CoHy 7.25 0 0 5.45
D-Limonene

37 2-LECm 104-76-7 C4H,,0 8.21 15.41 10.74 26.95
2-Ethylhexanol

38 2,7,10-=HIF Tk 74645-98-0 C,H,, 0b 0b 0.92a 0b *
Dodecane,2,7,10-trimethyl-

39 5-Z%-2,2,3-=HALBSE 62199-06-8 C,Hy 0 0.23 0 0
5-Ethyl-2,2, 3-trimethylheptane

40  3,5- " HEEkE 15869-93-9 CoH,, 0b Ob 1.55a Ob 0
Octane, 3,5-dimethyl-

41 3,6- SRS A 17312-53-7 C,Hy, 0 0.91 0 0
Decane, 3,6-dimethyl-

42 Tk 493-01-6 CoHy, 0Ob 0b 0Ob 2.37a *
Naphthalene , decahydro-, cis-

43 4R 2847-72-5 C, H,, 0.68a Ob 0b Ob s
Decane, 4-methyl-

4 R 98-86-2 C4H,0 1.85a 0b 0b 0b sk
Acetophenone

45 2 A-TWEFE K 1195-32-0 C,Hy, 1.20 0 0 0
1-Methyl-4-( 1-methylethenyl ) -
Benzene

46 N-HBLRME 100-61-8 C,H,N 0 5.97 0 4.06
N-Methylaniline

47 I 124-19-6 CoH,,0 2.01a 1.81a 0b 1.19a ek
1-Nonanal

48 FUhIRER 78-59-1 C,H,,0 0.39 2.89 0.53 1.48
Isophorone

49 BEERR =W 78-40-0 C,H,,0,P 1.31a 2.16a 0b 0b ok
Triethyl phosphate

50 HEAE 21368-68-3 C,,H,,0 3.68a 0.52b 1.66b 1.23b ek
DL-Camphor

51 Jeliw 6627-72-1 C,H,0 0.94 0.67 0.28 0.35
DL-2-Bornanol

52 L-TEfEE 2216-51-5 C,,H,,0 0b 0b 2.30a 0b *
L-Menthol

53 FEHmR 65-85-0 C,H,0, 3.89 1.26 3.76 10.30
Benzoic acid

54 % 91-20-3 C,,H, 0 0 0 2.32
Naphthalene

55 Tk 112-40-3 C,Hy, 0 0 0 1.30

Dodecane
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gR1
Xt E = Relative content (%)
Fe o kaw CAS 5 Pl 3
No. Compound CAS No. Formula 3 6 A 9 A Significance
March June September December
56 R 112-31-2 C,,H,,0 0.82a 0.32a 0b 0b ok
Decanal
57 4,6- " HIFEA Tk 61141-72-8 C,,H;, 0.28 0 0 0
Dodecane ,4 ,6-dimethyl-
58 TR 112-05-0 CyH 0, 0.95b 0b 0b 2.04a *
Nonanoic Acid
59 ZEREZTRVK A T 5655-61-8 C,,H,,0, 0.82 0 0 0
I-Bornyl acetate
60 2-H 3R 91-57-6 C,H, 0 0 0 0.71
2-Methylnaphthalene
61 =k 629-50-5 C Hy 0 0 0 0.65
Tridecane
62 R ImAR 25395-31-7 C,H,,04 1.59 1.43 0.97 0
Diacetin
63 E% TR 334-376-4 C,,H,,0, 0.22 0 0 0.22
Decanoic acid
64 = 14912-44-8 CsH,, 0.40 0 0 0
Ylangene
65  (?)-a-JEMH 3856-25-5 CH,, 0.25 0 0 0
a-Copaene
66  B-HIFEM 33880-83-0 C,H,, 0.58 0 0 0
Elemene
67 Kk 1137-12-8 CsH,, 0.70 1.54 0.72 0
Longicyclene
68  HTEM 22469-52-9 C,H,, 0 0.39 0 0
(+) -Cyclosativene
69 K H 475-20-7 C,sH,, 2.88 10.24 5.89 3.04
D-Longifolene
70 HE 11028-42-5 CsH,, 0.19 0 0 0
Cedrene
71 - 71 i 87-44-5 CsH,, 11.66 0.31 0 0
1-Caryophyllene
72 (+)-BIWUR 21747-46-6 CH,, 0.76 0 0 0
1H-Cycloprop [ e]azulene,la,
2,3,5,6,7,7a, Th-octahydro-
1,1, 4, 7-tetramethyl-, ( laR,
7R,7aS,7bR) -
73 b AN 10219-75-7 CsH,, 0.53 0 0 0
Naphthalene,1,2,3,5,6,7,8,
8a-octahydro-1, 8a-dimethyl-7-
( 1-methylethenyl ) -, (1S,7R,
8aR) -
74 BHMENE 689-67-8 C,H,0 0.24a Ob Ob Ob *
Geranylacetone
75 AR 10208-80-7 C,sHy, 0.25 0 0 0
a-Muurolene
76 HEmR 143-07-7 C,H,0, 0.55a Ob Ob Ob *
Lauric acid
77 2-F 180T -1, 3-9 BE 74381-40-1 C,cH,,0, 0 0 0 3.44
— R TR

Propanoic acid, 2-methyl-, 1-
(1, 1-dimethylethyl ) -2-methyl-
1,3-propanediyl ester
78 ZRHR 119-61-9 C,H,,0 0.24 0 0 0

Benzophenone

W o# TR P<0.05, = F£oR P<0.01; [FITHARF/NG FRRRATE R FH2E 5 (P<0.05)

Note: * means P<0.05, #** means P<0.01; Different lowercase letters within the same line indicate significant differences ( P<0.05).

*
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Fig. 1 Types (line chart) and relative contents (histogram)

of VOCs released from leaves of Cinnamomum camphora

in different seasons

A3FFREAEW (ENAE FHA o-HFRK
) BYARRT 5 i 2 = T LA T fr ., R
MR TR Y 3 AR 2 ARSI 2 FREEZER 1 Fp
HABRACEWAE 3 A 0 B9 ARXS & 32 5 T A
Ay, HZHUE T B B EKF, 2 Mgt &
AR 4 504 3 H (BERR T lR) .6 H ik
(BER — L TR) .

2 2R DU B AR i BRI VOCs
AR & AR B B i 1 iR, WEL L AT LR
W4 ADNZEA RN VOCs Fh28 ¥ DImE 1528 0 32,
HyORkeEds, 3 AR El i vocs fii i £
(54 Ff)  Hms s 2R GWA 17 A, b A2 B8
f931.48% ;6 A .9 AF 12 A5 A& 3] 27 Fh 27
FRFN 25 Fft VOCs , il 1 28 1k & W) R 28000 il i A
B 25.93% (7 Fh) .29.63% (8 Fl) Fil 20.00% (5
Fy o HeAh, 3 T A 38 1) ot s S RN 254k A P
IR 2 T HoAl A 0y, Hoh B2 &9 7E 3 H
Py LA F| 7 A A A A SR IE] 1 R

B AR I B Y 45 28 VOCs AT & i i 2=y
) A8 f B A 5 A s A AL I A I AN ], A OR
E,3 H—12 A il S AR 240 A 9 09 AH X 55 &
A RS B AL G P AR & 8 T
BereZs 07 1 28 A A S Ak A W i AR DR B o D) A
ST 5 B R IR A ML 2K L &
Yy ey AR B A R RIS A m G, 3

Ay VOCs HrdFR 5 it f i B R s s e 59,
di VLY 43.39% , 3 i T A 8 b Ay, 32
YIFRH 1-4 1 (11.66%) . a-J8 7 (10.70% ) FiI
D-FPE M7 (7.25%) s HRGEBER A R b 59,
Hd 14.51% 11.99%, 6 J F1 9 H kI 2] #4
VOCs H, Be d8 254k & W i Al x5 s 38 24 H i
L o R 29.23% 36.35% , He EEAL S Y R
2,2,4,6,6-HHEPE, 12 HRE] A VOCs 1,
S N R A G, o Y 2 R B 4 R W
w1 37.41% , EE R 2-L 3O (26.95% ) FIl T
(10.46%) .
2.2 #EHMH VOCs A FENSENEHISTL

3 HOARINEIE VOCs RS M BUERZ (54 Fi) |
Ay Al 275 A DN B 45 & ) B 2 BB 2.00 ~2.16
£, LR HAWZE AL G R 2 B AR T o Ath 22775 4h
HAth 8 A G YR 2 A FHA =5 B Lz H
13 T A 2 ) 5080 B O R Bl 2E A7 B AR 1 VOCs 1)
Hah &b sE, 258 R, 54 F VOCs 1, 045
WAL A 17 B e iR e &4 9 F, B 2K 1k
YT R EERAE Y 5 R O RRE BERAA L
MRE G 4 Tl ERALE W 3 Fi, DL K A2
EW 1R (E2), NEEEE, filEEb e
a-JR M D-ATEEMG T 1-A AT I BRI S ) 2- 2 5
OB A VLRI &Y R i 2R &
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— R A IHE] ) VOCs Rl 5 FIAH X &
A 2 s, MEACEE ,8:00 £ 1200, VOCs
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ST A R] 5 (34 ~39 ) AL 25 R 5 AN
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W 28 B30 AE AN [R) R [ 55 ) 0 3 R R R R T e R
J5, 8:00 Fll 14,00 # I £ VOCs Fh i Z 1 K
s, R R b 12 28, H 800 Bk i 2L &9
PSS B ar I (R SRR 2R BBy 36. 11%, M
10:00.12:00 A1 1600 A £ ) VOCs Fi 2 £
B B ds , O i M 28 . 1400 F1 16:00 5
D2 9 TR 25 A6 A 9 Fh 2 50 BE B 2 F SL Al B )
S, 1T 8500 F 1200 il 2] AT MLER 224k &
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Table 2 Diurnal changes of compounds and relative contents of VOCs released from leaves of Cinnamomum camphora
e ey HIXF % & Relative content (%)
No. Compound
8.00 10.00 12.00 14.00 16:00
1 LBE — — — 0.12 0.04
Ethanol
2 TR 4.68 6.75 4.01 2.47 3.85
Butanol
3 173 P 0.87 1.68 2.09 1.65 —
1-Pentanol
4 o 3.36 4.90 6.57 3.55 4.00
Hexanal
5 BETR T B 0.44 2.72 3.42 2.49 0.66
Butyl acetate
6 2,4-Z W SL Bt 0.98 0.90 — 0.81 4.13
2,4-Dimethyl-heptane
7 2,4-Z P BBl 3.91 4.50 7.47 3.85 12.56
1-Heptene, 2 ,4-dimethyl-
8 4-H e de 1.36 0.66 0.96 0.69 3.54
Octane, 4-methyl-
9 IEC B 1.10 1.69 — 1.46 —
Hexyl alcohol
10 3-BEF — — — 0.44 0.42
3-Heptanone
11 T 0.51 1.73 1.93 1.49 1.32
n-Nonane
12 B 0.38 0.64 — 0.66 0.66
Heptaldehyde
13 a-JR I 5.16 7.92 18.71 12.63 17.55
a-Pinene
14 4-H 2 B 0.33 — — — 0.85
2-Heptanone, 4-methyl-
15 KA 1.79 — 1.95 1.37 2.02
Camphene
16 4-HIE T H 1.52 2.90 4.11 — 4.24
Nonane, 4-methyl-
17 1,3,5-= AR — — — 0.47 0.49
Mesitylene
18 2 TiE-B-IR M — — — 0.63 1.19
(1S)-(1)-Beta-Pinene
19 1,2,3-= HIHEH — 1.31 1.37 — —
1,2,3-Trimethylbenzene
20 FH ok e T 0.67 — — — 0.82
6-Methyl-5-hepten-2-one
21 b 0.46 0.91 1.00 0.66 1.20
Decane
22 2,6- ATt 1.10 2.48 4.39 2.28 8.25
2,6-Dimethylnonane
23 2,5- AT — — 1.35 0.76 1.90
2,5-Dimethylnonane
24 RIS ISP RIS 3.04 0.70 — 0.79 —
1-Isopropyl-2-methylbenzene
25 D-FrEE W 17.58 1.78 — 1.50 1.06
D-Limonene
26 - R — 19.02 12.58 14.81 7.27
2-Ethylhexanol
27 4-H IS bt 0.49 0.55 0.92 0.54 1.15
Decane, 4-methyl-
28 7% T 0.38 4.88 0.37 2.57 2.23
Acetophenone
29 2,4- " H IR 2 2.83 1.17 — — —

1-Methyl-4-( 1-methylethenyl ) -Benzene




7 4 JAl B A5 . AR R A ML R R T S AR H B A AR AR LA 1029
ZR2
X} = Relative content (%)
75 (a2
No. Compound
8.00 10.00 12.00 14.00 16.00
30 T 1.66 1.85 3.13 2.15 2.19
1-Nonanal
31 S R R — — 0.77 1.56 —
Isophorone
32 WilR = 2R 1.62 4.44 1.58 2.09
Triethyl phosphate
33 i i 1.12 4.32 7.46 5.48 4.60
DL-Camphor
34 Je i 0.97 0.73 — 1.31 0.98
DL-2-Bornanol
35 R — 8.15 — 12.82 —
Benzoic acid
36 R 0.39 0.84 0.29 1.36 1.20
Decanal
37 4,6- " HRA " 0.29 — — 0.86
Dodecane, 4,6-dimethyl-
38 TR — 1.62 1.87 1.58 1.22
Nonanoic acid
39 e L TRk iR 2.24 — — — _
I-Bornyl acetate
40 Z LR R 1.13 2.69 5.09 2.04 —
Diacetin
41 IE2$ R — 1.59 — — 0.02
Decanoic acid
42 =X 1.10 — — —
Ylangene
43 (7) -a-TiR A 0.69 — — — _
a-Copaene
44 B A I 1.57 — — —
Elemene
45 K28 — — — 2.61 0.65
Longicyclene
46 K M-f — 4.62 3.75 5.80 3.48
D-Longifolene
47 e /N — 0.53 — 0.53 —
Cedrene
48 - 77 H 31.72 — — — —
1-Caryophyllene
49 (+) WU 2.07 — — — _
1H-Cycloprop [ e ] azulene, 1a,2,3,5,6,7,
7a, Tb-octahydro-1, 1, 4, 7-tetramethyl-,
(laR,7R,7aS,7bR) -
50 AN 1.44 — — — —
Naphthalene,1,2,3,5,6,7,8, 8a-octahydro-
1, 8a-dimethyl-7-( 1-methylethenyl) -, (1S,
7R,8aR) -
51 A it S A R 0.51 0.54 0.28
Geranylacetone
52 -4 M 0.67 — — — —
a-Muurolene
53 A — 1.14 — 1.41 0.43
Lauric acid
54 TR — — — 0.54 0.60
Benzophenone
W =" FoRAAI F]

Note ;

‘—"” means no detected.
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Fig. 2 Diurnal changes of types (line chart) and relative
contents (histogram) of VOCs resleased from leaves of

Cinnamomum camphora
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