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Abstract: Dendrobium are famous for the ornamental and medicinal value. In order to explore the volatile components
in the flowers of Dendrobium in Sect. Holochrysa and Sect. Chrysotoxae Kraenzl., the volatile components in the flow-
ers of five Dendrobium in Sect. Holochrysa and seven Dendrobium in Sect. Chrysotoxae Kraenzl. were extracted by
solid phase micro extraction (SPME) and analyzed via gas chromatography-mass spectrometry (GC-MS). Results
showed that 74 volatile components were identified from the flowers of the species, 47 of which from D. hancockii in
Sect. Holochrysa were the main volatile components; Secondly, there were 37 and 35 volatile components from D.
chrysotoxum and D. harveyanum in the Sect. Chrysotoxae Kraenzl., respectively. The least component species was D.
farmeri in the Sect. Chrysotoxae Kraenzl. with only 18 volatile components. Most of the species of volatile substances
in Dendrobium were more than 20, and most of which were alkenes, except D. kenkinsii and D. densiflorum in the Sect.
Chrysotoxae Kraenzl. mainly contained aldehydes. Cluster analysis of volatile ingredients showed that all the Den-
drobium flowers were clustered together except a few Dendrobium plants were not clustered in the original grouping,
which indicated that the volatile substances in Dendrobium flowers could be used as a reference for Dendrobium
grouping. This study would provide references for the breeding, resource exploration and utilization of Dendrobium, and
exert significant value on the grouping of Dendrobium.
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Tab. 1 Information of 12 Dendrobium species
il ' ip4 SRR RAEHR AL SRAE[H]
Group No. Species name Resource Collection site Collection time
SEAbA DI Yttt (D. hancockii ) TEZM IS 2022-05-28
D2 EICAH S (D. denneanum ) i piA S 2022-04-28
D3 WIA I (D. fimbriatum ) RN PES 2022-04-28
D4 AR (D. capillipes ) P = FIES 2022-04-28
D5 WALA R (D. dixanthum ) TEZM IS 2022-04-29
Tint-2H D6 A (D. harveyanum ) HE =R 1o 2022-05-28
D7 LLATHE A (D. amabile ) HE =R o 2022-05-28
D8 Wi AW (D. farmeri) i HE/S 2022-05-28
D9 G4t (D. chrysotoxum ) P = FIES 2022-05-27
D10 A8k (D. lindleyi ) RN S 2022-05-28
D11 NEAEARE (D kenkinsii ) hE = 5 2022-05-28
D12 A (D. densiflorum ) TEZE bk 2022-05-28

aITEAR (D. amabile)

.

&AM (D. lindleyi )

Fig. 1

AR (D. denneanum )

INEIEA R (D. kenkinsii)
E1 12#MAasEmits

Flowers of 12 Dendrobium species

LB (D. densiflorum )
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Fig. 2 Total ion chromatograms of volatile oil from 12 Dendrobium flowers
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Tab. 2 Classification and number of main volatile components in 12 Dendrobium flowers

415 Group s Ik R =S e GBS %éﬁ%% ST SES Hit
No. Alkene Aldehyde Alcohols Esters Ketone Aromatics Alkanes Total

vz DI 24 10 7 2 1 1 2 47

D2 12 7 3 1 3 0 3 29

D3 10 9 7 1 1 0 0 28

D4 16 10 3 2 1 0 0 32

D5 11 9 6 2 2 0 0 30

ot 21 D6 21 8 3 1 2 0 0 35

D7 9 7 3 2 2 0 1 24

D8 9 5 1 1 1 1 0 18

D9 16 9 6 1 3 2 0 37

D10 11 10 2 1 2 1 0 27

D11 7 10 4 1 2 0 1 25

D12 7 10 1 1 2 0 0 21
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Tab. 3 Components and contents of main volatiles in 12 Dendrobium flowers

o 43 Compound FHAXT % 2 Relative content/%
No. ,llljcg 35;3(% DI D2 D3 D4 D5 D6 D7 D8 D9 DI0 DIl DI2
Chinese name English name
1 oMUk a-thujene 020 0.18 083 022 - - - - 125 026 068 —
2 (P)-a-TRH (1R)-2,6,6-(+)-a-pinene 1.02 5.86 2180 3.08 1.41 346 - 1.19 1292 074 - 030
3 4-WH E-1-(1-F 3£ 2 4-methylene-1-(1-methyle- - 0.08 - 0.09 - - - - 373 - - -
I OUFR[3.1.012-C thyl)-Bicyclo[3.1.0]hex-2-ene
4 I sabinene 027 093 1604 082 006 081 - - 260 - 104 -
5 Ak B-yrcene 339 129 371 1271 3729 825 232 13.14 216 299 686 6.44
6 (-)-o-TEM (-)-a-pinene - - - - - - - 159 - - 067 -
7 (H)-3-E (+)-3-carene 128 135 - 1.56 15.87 - - 441 183 1.07 192 -
I /T a-terpinene - - 035 - - - - - 410 - - -
9  D-FriEkE D-limonene 0.81 - 2.67 0.79 221 059 - 021 6.50 0.39 - -
10 3-72,%L-2-FH k-1 3- 3-cthyl-2-methyl-1,3-hexadi- 739 2.15 652 3.04 124 1849 392 - 050 240 196 1131
[ ene
11 2-9 M a-pinene - - - - - - - - 034 - - -
12 B B-ocimene 9.67 - - 039 026 691 — - 523 - - 016
13 y-Hh y-terpinene 032 005 039 - 011 029 - - 877 004 — 0.9
14 (6E)-1-Z.3£-6-W 2%k 1-ethyl-6-cthylidenecyclohe- 040 - - 037 - - - - 1.45 0.06 - -
%aﬁ% xene
15 o-7ZKFrss a-phellandrene - - - - - - - 277 - 024 030 035
16 il i terpinolene 014 - 009 019 - - - - 129 - - -
17 2,6-— 32, 2,6-dimethyl-2,4,6-octatriene 099 - - 034 0.06 054 - - 0.68 — - -
4,6-F =i
18 % e (4E,6Z)-2,6-dimethylocta-2,4,  0.62 — - - - 035 - - 024 - - —
6-triene
19 BT (1S.28,4R)-1-Ethenyl-1-meth-  0.16 - - - - 063 118 - - - - -
yl-2,4-bis(1-methylethenyl)
cyclohexane
20 [IR-(1R*,4Z,98*)]-4, (1R,4Z,9S)-4,11,11-trimethy- 012 - - 023 - — 012 - - - - —
11,11-=f3t-8-F 1  1-8-methylidenebicyclo[7.2.0]u
H-T3R[7.2.04-f  ndec-d-ene
i
21 Fiid alloaromadendrene 0.03 0.18 - - - - 006 - - - - -
22 B-ATHE caryophyllene 1080 021 0.07 0.17 026 0.11 2532 027 - 059 - 026
23 B-HeEn i B-cubebene 024 - - - - - - - - - - -
24 (H-HETEG humulene - - - - - 011 - - - - - -
25 [1S-(1o,40,70)]-1,2,3, a-guaiene 004 - - - - - - - - - - -
4,5,6,7,8-/\4ft-1,
4- T 3E-7-(1- 3
L) B
26  o-fFEE humulene 031 - - - - 0.17 0.69 — - 003 - -
27 RAR-EE#-4(15), cis-muurola-4(15),5-diene 002 - - - - 031 0.07 — - - - -
5 T
28 (P (+)--gurjunene - - - - - 0 - - - - - -
29 (H)-B-FEFhE (+)-B-selinene - - - - - 507~ - - - - -
30 o T FHE a-selinene - 6295 - - - 2.83 2039 - - - - -
31 s-frBAK (3S,3aS,5R)-3,8-dimethyl-5- - - - - 005 035 - 031 -~ - - -

prop-1-en-2-yl-1,2,3,3a,4,5,6,
7-octahydroazulene
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Tab. 3 Components and contents of main volatiles in 12 Dendrobium flowers (continued)
5E 43 Compound FHAXT % 2 Relative content/%
No. EPX% ﬁéxﬁ D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 DI2
Chinese name English name
32 ()-o-AShi a-panasinsanene - - - 0.07 - 025 - - - - - -
33 p-E_AEE 1,2,3,4-tetrahydro-6-methyl- 0.07 - - 003 - 014 - - - - - -
1-methylene-4-isopropylna-
phthalene
34 BILATR caryophylla-4(12),8(13)-dien-  0.06  — - - - - - - - - - -
Sa-ol
35 8-t+-Lheki 8-heptadecene 0.03 0.07 - - - - - - - - - -
36 (IS,2E4R,7E,11E)-2, (I1R,2E 4S,7E,11E)-4-isopro- - - - - - 018 - 027 - - - -
7,11-V8F=H5-4-f  pyl-1,7,11-trimethyl-2,7,11-
cyclotetrad ecatrien-1-ol
37 Rk (E)-2-pentenal 299 016 109 048 0.83 080 072 242 0.60 1.05 0.65 137
38 [ECOEE hexanal 16.64 16.96 22.85 25.11 5.09 28.60 27.98 — 10.55 23.39 35.20 46.35
39 Jat-2-CUiE trans-2-hexanal 2230 036 3.77 2692 1236 232 095 181 5.87 49.57 3139 6.37
40 pHEfiE heptanal 093 0.15 1.05 278 - 201 0.89 - 0.57 1.14 3.10 2.12
41 R benzaldehyde 036 - - 039 - 017 - - 042 - - 126
42 (E)-2-PHdlE (E)-2-heptenal 1.50 0.12 0.53 052 008 096 027 - - 013 0.67 125
43 2R (E)-2-octenal 433 126 371 271 0.19 3.10 327 134 6.74 128 226 7.21
44 Fal-2-ZS AR (E)-2-decenal - - - - - - - - - 044 031 029
45 T nonanal - - 0.87 194 0.12 - - 437 1.10 1.07 091 136
46 21— Mt E-2-undecenal - - 0.10 - - - - - - 011 - -
47 B-IRFrEEE B-cyclocitral 0.09 - - - 016 - - - 061 - 019 -
48 FriERE citral 0.15 - - 050 147 - - - - - - -
49 Jza-2-T 0T (E)-2-nonenal 0.19 223 323 7.09 074 094 028 275 193 561 347 245
50 1EJ%EE 1-pentanol - - 052 - - - - - - - - -
51 IECE 1-hexanol 035 - 0.62 098 8.06 2.55 1.08 3591 0.81 2.17 134 1.32
52 (B)-FE b5 trans-linalool oxide (furanoid)  0.28 0.12 - - - - - - 060 - 026 -
53 3,5-_HIFEHRCOE 3,5-dimethylcyclohexanol - - .15 - 022 081 208 - 435 - - -
54 JFHERE linalool 402 -  1.04 - 092 - - - - - 042 -
55 (1a20,50)-4,6,6-=  (10,20,50)-4,6,6-trimethylb- ~  — 044 142 056 - - - 444 201 061 -
F O [3.1.1] - icyclo[3.1.1]hept-3-en-2-ol
3-f5-2-1i
56 - terpinen-4-ol - - 042 - - - - - 490 - - -
57 a-FATEE a-terpineol - 032 139 - 108 - - - - - - -
58  IhHIRLIA (S)-(-)-verbenone 0.07 028 - 010 - - - - 043 - - -
59 FHFEE citronellol 0.03 - - - 022 - - - - - - -
60 AR 2-[(1R,38,4S)-4-ethenyl-4- 0.03 - - - - 014 068 -~ - - - -
methyl-3-prop-1-en-2-ylcyc-
lohexyl]propan-2-ol
61 (1S,2E,4R,7E,11E)-2, (1R,2E,48S,7E,11E)-4-isopro- 0.12  — - - - - - - - - - -
71-FEHI=Hs-4-F  pyl-1,7,11-trimethyl-2,7,11-
cyclotetrad ecatrien-1-ol
62 (Z2)-Jk-2-F-1-3 2 (2Z)-pent-2-en-1-yl acetate 022 - - - - - - - - - - -
i
63 MRS UK Fr G isobornyl acrylate 0.05 0.08 0.2 0.10 0.05 021 0.4 038 0.10 0.06 0.13 0.11
64 NIRAEMER geranyl propionate - - - 171 449 - 006 - - - - -
65 1-1¢H-3-H 1-penten-3-one 639 186 4.6 315 44 696 597 2645 1.06 3.02 549 921
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Tab. 3 Components and contents of main volatiles in 12 Dendrobium flowers (continued)
= 43 Compound FHAX}F & Relative content/%
No. o e
s S DI D2 D3 D4 D5 D6 D7 D§ D9 DI0O DIl DI2
Chinese name English name
66 355-=HH-3-FF 3,5,5-trimethylcyclohex-3- - - - - - - - - 0.32 - - -
-1 en-1-one
67  (1R)-(+)-I5 IR bicyclo[3.1.1]heptan-2-one,6, - 0.16 - - - - - - - - - -
6-dimethyl-,(1R)-
68 2-TH bR 2-pentadecanone - 008 - - - - - - 007 011 - -
69 a-EX o-guaiene - - - - 013 020 056 - - - 010 043
70 FpukE tetradecane 0.01 0.03 - - - - - - - - - -
71 AR caryophylleneoxide 0.54 046 - - - - 1.01 - - - - -
72 EbkE heptadecane - 006 - - - - - - - - 007 -
73 TR butylbenzene 0.02 - - - - - - - 024 - - -
74 1-PHR4-(1-F R 1-isopropenyl-4-methylbe- - - - - - - - 041 070 0.05 - -
%%)X nzene
At 47 29 28 32 30 35 24 18 37 27 25 21

E: SRR,

Note: —indicates no detected.
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Fig. 3 Relative content of volatiles in flowers of 12
Dendrobium flowers
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Fig. 4 Cluster analysis of volatile components in
flowers of 12 Dendrobium flowers

HRAEUR R, WA A SRS B
BRI W, e SRR, Wk
AR T B R R Y TR A BT AR, LA
EATFER AR SR H TR S R . AT
A 3L I A1 ik R A SO R Y 2 (+)-a-
UM IECEENRIE , R IR 2 B, AT
AL T4 R H g, HEI ()£ gty 3 2 A
B3 AT BE BT A AR R BRI ] L Ml AR K
ARG A AT AT 2 5 . ECh s R I
LA BN EE R N DG B-
A PTH, WA e B ik 3 gy 3 AR il
O (H)-o-R M . AR A (4)-3- B 0, AR 3
LI TT R, R AR X5 i 22 AR
T RGPS T 7 RN AE (B AEAT
KA, SAETE AL A R 1 B
LS5 ) 2SR B i I R [ U Lo i
FE T3 PAFIE R A e I AR, 5

AHIFFE R B B S0 AR 8 A A AR o 1 T2 2%
KA SRR BRI, (B S B LA R
ZUAT G A AR A 1 2 AR | B4 T
a-fE T, BT EC PR R B, LT A M
BT R R R A e SRR, HeR gy
WAL, AT IE R RGN LRl . 2
SRS 5 1 0= i B A i A AG 0 T2
- BB, AEERENY 3-E, RS
A A B, )V A SBRE A fftrp -B- 2 A
B, AREIE] 3-8, AT R R A
B 3-8, ENDR AR M AR PR A R
JA R R AE LI AN TR
32 AEAMEAGMERESERELNER
ECE PR R I, AR A AR 1
WA J8C 73 (4 LB 5 B AN, DTG S B0 U 22
Sk IR HAMARER, IR RRE o
TR A AR B EOR P SEAR  ()-o- TR0



1476 o AE A F AR 45 %
1 B-TR M H A AN BE A PSR A A | T SR B 454-462.

FERI, ARBEFE I, (H)-o-JR M FE R LT 58 1 fi
AL, TEHAY 10 Fhfr A e b 2 P45
JRIT T (-)-o- P 1 /N B A AT fifh L B B9k A fi
HRRA R R R, 29 T DA SRR A i 2
WA 8oy AN, X, BAS A
ARG R A IR A AR OOk, RS AP mE .
oy BRI T 7 S5 A R A 110 T 2 SRR AT B
BIACY ) ABFE g 12 Fiof ks S A AR 5
B i A AR, ORI A R A R e e B
AR, AT TR BORE el s A K . BA R
IR | U SR DR 2 Bk B A A R 23
AABAMHR AR PR E . EOBREE R
T BOE R RES, ARG BT £ b A AE
A B R 5 46.35%. WEFT4E SR AT 1 A fift
Ji&i 57 T ity o S SR i 8 T A 1o R 4 — 7 1y e
2%,

£ % 3Lk

MR b 2. A NRIERIE 25 L (—F)[M]. dbat:
[ e 2R i, 2020.

Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People’s Republic of China (Part I )[M]. Beijing: China

(1]

Medical Science and Technology Press, 2020. (in Chinese)
KA, EME, IR, HEC SR B A O
GC-MS 43H7[J]. T PEAEY, 2011, 31(3): 422-426.

ZHANG Y, WANG Y, LI Z J, TIAN M. GC-MS analysis on
aroma components in four Dendrobium cultivars[J]. Guihaia,
2011, 31(3): 422-426. (in Chinese)

ML, RIFNR, ST, HPHE DA SR 5 R0 E
KRMGEHE R[], AR K224, 2019, 40(5): 166-
174.

SUN Z X, SONG Y Y, ZENG R S. Advances in studies on

intraspecific and interspecific relationships mediated by plant

(2]

(3]

volatiles[J]. Journal of South China Agricultural University,
2019, 40(5): 166-174. (in Chinese)

TR EL, IR D7 A AR A E AR (0], BRACRE A,
2015, 12(10): 750-755.

ZHANG J X, ZANG D K. Application of aromatic plants in
garden landscape[J]. Modern Landscape Architecture, 2015,
12(10): 750-755. (in Chinese)

RIS, FYAEFTIFEM]. dbat: R EMlH L, 2014,
HAO R J. Research on plant flower fragrance[M]. Beijing:
China Forestry Publishing House, 2014. (in Chinese)
A, WL, dE, TR, 4 B R AR AL S
KR AT D] P R ) 2 4, 2015, 23(4):

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

LI C H, HUANG M Z, HUANG S H, YIN J M. Volatile
components in flowers of four Dendrobium species[J]. Jour-
nal of Tropical and Subtropical Botany, 2015, 23(4): 454-
462. (in Chinese)

BRAE, R, R, XU, Brar. 1R il
&N AR N W T R R R
2016, 22(6): 52-57.

LYU S H, XU M, ZHANG X F, LIU J J, SI J P. Studies on
volatile constituents of 11 families of Dendrobium officinale
flowers[J]. Chinese Journal of Experimental Traditional
Medical Formulae, 2016, 22(6): 52-57. (in Chinese)

BTEE, ARFR, THE. Sohi B R A Ui S
TS H AL A T[], ARl BR2EISE, 2018, 31(4):
142-149.

HUANG X L, ZHENG B Q, WANG Y. Study on the aroma
components in flowers of Dendrobium chrysotoxum at dif-
ferent florescence stages and diurnal variation of full bloom-
ing stage[J]. Forestry Research, 2018, 31(4): 142-149. (in
Chinese)

R, ERERE, &8, WE, STLE, . T
SPME-GC-MS /BT fRHE BB T]. ARk
A, 2018, 46(4): 23-25, 69.

YUANMY,WANG Y Q,LIY Z, XIE Y, HU J M, YANG
L. Analysis of aroma components of Dendrobium loddigesii
Rolfe flower by SPME-GC-MS[J]. Flavour Fragrance Cos-
metics, 2018, 46(4): 23-25, 69. (in Chinese)

PR, AESCiR, BARE, ERGE, &, TH, BEE. 46028
A7 LR S ¥ B v L 23 B 0. ) TS AR S, 2019, 39(11):
1-15.

QIU S, ZHENG W J, XIA K, TANG F L, ZHAO J, DING L,
ZHAO Z G. Volatile components in flowers of Dendrobium
moniliforme[J]. Guihaia, 2019, 39(11): 1482-1495. (in Chi-
nese)

PINO J A, MARBOT R, VAZQUEZ C. Characterization of
volatiles in strawberry guava (Psidium cattleianum Sabine)
fruit[J]. Journal of Agricultural and Food Chemistry, 2001,
49(12): 5883-5887.

MINH T N T, ONISHI Y, CHOI H S, KONDO Y,
SAWAMURA M. Characteristic odor components of Citrus
sphaerocarpa Tanaka (Kabosu) cold-pressed peel oil[J].
Journal of Agricultural and Food Chemistry, 2002, 50(10):
2908-2913.

BOONBUMRUNG S, TAMURA H, MOOKDASANIT J,
NAKAMOTO H, ISHIHARA M, YOSHIZAWA T, VARA-
NYANONDET W. Characteristic aroma components of the
volatile oil of yellow keaw mango fruits determined by lim-
ited odor unit method[J]. Food Science and Technology Re-
search, 2001, 7(3): 200-206.



578

FREALE 12 DA R SEAL LRI TIU ZHy Fh AE 5 45 PR Ry 70 A

1477

[15]

[16]

(17]

(18]

(19]

[20]

B, B, FaUb. YR BB ).
HUREE 2, 2019(5): 8-10.

JINL, YANG M L, WANG J Z. Research progress in plant
floral metabolism[J]. Modern Horticulture, 2019(5): 8-10. (in
Chinese)

IHE, iRz, 5, Xk, FSCE, DA, o )
JERTAN TR AE XU SR A AL ORI AT ET]. =g
KT, 2018, 45(6): 26-31.

ZHANG H H, YANG X Y, YANG Y, LIU J, ZHOU W Z,
MA X Y, HOU Y. Influences of temperature on fragrances
of different flowering time Brunfelsia acuminate (Pohl.)
Benth[J]. Yunnan Chemical Industry, 2018, 45(6): 26-31. (in
Chinese)

Ealk, REEEL RREE ARSRORE AR R
FR R[], WAL T, 2011, 40(3): 47-50.

WANG JE, ZHU Y L, XIONG C J. Sources and application
in perfume chemistry of myrcene[J]. Shandong Chemical
Industry, 2011, 40(3): 47-50. (in Chinese)

HRL, BGEE, RIGIF, #PM, DU LR A e
RS, T PEAES, 2021, 41(7): 1104-1111.

XIA K, ZHAO Z G, WU Q F, JIANG Q H, QIU S. Analysis
of volatile components in the flowers of seven species of Den-
drobium[J]. Guihaia, 2021, 41(7): 1104-1111. (in Chinese)
Wlerk, EHES, B0, M. TEs AR IO AR
TE- BRI A0 T A0 AL A O[T, BT
Bla#, 2019, 42(8): 40-43.

YANG X B, WANG Y Q, XIE Y, YANG L. Analysis of
aroma components in Denrobium fimbriatum Hook. flower
by SPME-GC-MS[J]. Detergent & Cosmetics, 2019, 42(8):
40-43. (in Chinese)

FIOH, KW, FBRE, R, MRIT, FRE. BT
GC-MS A AESAT RN S 5E 5 22 R ).
Mol BRFBFST, 2022, 35(1): 132-140.

WANG Y C, ZHANG M, ZHOU X X, SHAN Y Y, SUN Z
Y, LI Z J. Floral volatile components from five Dendrobium
species based on SPME-GC-MS[J]. Forest Research, 2022,
35(1): 132-140. (in Chinese)

TR, 5, FHRMy. LR A R 22 57
PEAYHEID). TR, 2016, 36(3): 361-368, 288.

(21]

[22]

[23]

[24]

[25]

[26]

DING L, LI C H, YIN J M. Analysis on the volatile compo-
nents in seven cultivars of Dendrobium[J]. Guihaia, 2016,
36(3): 361-368, 288. (in Chinese)

g, o, LA s IE N REE RS KO H AR
AL WP RPIRR, 2020, 49(3): 168-174.

YAN P P, YE W, JIANG J L. Compounds and diurnal varia-
tion of floral scent emitted from Dendrobium primulinum[J).
Subtropical Plant Science, 2020, 49(3): 168-174. (in Chi-
nese)

FOCHE, BREE, EIRE, ML, RAME mYIEFY R
RS TEE RS RI. > FHYE R, 2021, 1922):
7612-7617.

WANG W J,LYU S J, WANG Q H, HE F, WU Y Y. Com-
pounds and diurnal variation of floral scent emitted from
Dendrobium primulinum[J]. Molecular Plant Breeding, 2021,
19(22): 7612-7617. (in Chinese)

ARV, KA, R, o JRMR 24 BLR B RS AL D).
251k, 2015, 3(3): 23-28.

ZHU F H, ZHANG C, WEI F X. Overview of research on
pharmacology and application of alpha pinene[J]. Hans
Journal of Medicinal Chemistry, 2015, 3(3): 23-28. (in Chi-
nese)

PR, SEME, A o-TRIG A ERHIT T HE R[], )
LT, 1999, 29(4): 4-6.

JIANG Y F, PEI Y, LI J R. A study on perfume synthesis
from a-pinene[J]. Hunan Chemical Industry, 1999, 29(4): 4-6.
(in Chinese)

iz, 45, BIRAR, BREM, H0F 3-8 5HR A
Wi PR AR R 0], MR AkAE 5 Tk, 2011, 31(3):
122-126.

HE L Z, WANG J, ZHAO Z D, CHEN Y X, GU Y. Re-
search progress on resources and tbioactivity applications
of 3-carene[J]. Chemistry and Industry of Forest Products,
2011, 31(3): 122-126. (in Chinese)

WR, FAE, APEA, WU, CREAL BRI
SR BT AR IAT]. Rk, 2015, 36(20): 252-257.

CAO Q, WANG J J, DENG L L, ZENG K F. Effect of hex-
anal treatment on storage quality of navel orange fruit[J].

Food Science, 2015, 36(20): 252-257. (in Chinese)



