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Fig. 1 Morphological characteristics in florescence of two fragrant Dendrobium species
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Fig.2 Ion chromatogram of volatile constituents in two Dendrobium species flower
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Table 1 Volatile constituents in D. hancockii and D. trigonopus flower
\ LESNER e
s AR BB 1] & Relative content/%
No. Retain time/min Constituents
g i R i
1 3.612 1E X Pentanol _ 0.04
2 3.793 5t [ F i Methyl isovalerate _ 0.10
3 4.610 7N IR = A5t Hexamethylcyclotrisiloxane 0.29 0.64
4 5.909 15 % B2 H1 i Methyl tiglate _ 037
5 6.025 1E C. ¥ Hexanol — 0.06
6 6.670 2-Pfi 2-Heptanone 0.15 —
7 6.863 R4 3K L5 2-Oxime-2-methoxy-phenyl _ 022
8 7.092 BEl% Heptanal _ 0.04
9 7.885 LR F i Methyl hexoate _ 0.04
10 8.008 a-fllAA 2-Methyl-5-(1-methylethyl)-bicyclo[0.3.0]hex-2-ene 0.57 _
11 8.287 a-JEM a-Pinene 0.06 _
12 9.688 1E P Heptan-1-ol — 0.09
13 9.819 #2475 Sabinene 0.51 _
14 10.004 B-UEMi B-Pinene 0.25 _
15 10.276 6-F13E-5-Bi4%-2-F 6-Methylhept-5-en-2-one — 0.05
16 10.324 3-3 1 3-Octanone 0.15 0.18
17 10.386 JUH A PURESE HE Octamethylcyclotetrasiloxane 0.32 1.79
18 10.536 F M p-Myrcene 233 2.92
19 11.153 (-)-p-k) (-)-p-Pinene 0.08 _
20 11.273 5% 5 T I Isobutyl isovalerate _ 0.05
21 11.504 Xt — 47K 1,4-Dichlorobenzene 0.04 _
22 12.240 d-F715 ) (+)-Limonene 2.26 4.82
23 12.346 il B Cineole 0.18 —
24 12.591 (E)-B-% #)# (E)-3,7-Dimethylocta-1,3,6-triene — 2.79
25 12.595 (3E)-3,7- - % -1,3,6- =4 1,3,6-Octatriene,3,7-dimethyl-,(3E)- 1.34 —
26 13.316 T ¥4 (Z)-p-Ocimene 27.60 43.67
27 13.525 3- 5 I 3E-5,5- — F - 3R M 3-Tsopropenyl-5,5-dimethylcyclopentene 0.11 —
28 13.606 y-#2A 14 y-Terpinene 0.03 0.42
29 14.144 1EEE 1-Octanol 0.36 0.04
30 14.684 2-2,%-1,6- " EWE[4.4]-T- 5t 2-Ethyl-1,6-dioxaspiro[4.4]-nonane 0.05 —
31 14.776 il i JH1 75 Terpinolene 0.12 _
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g1
L DNER s

75 IR BRI 8] &Y Relative content/%

No. Retain time/min Constituents
YA fit SRR A fih
32 15.111 2R I H I Methyl benzoate 0.69 _
33 15.393 4750 Perillene 2.00 0.31
34 15.600 J5 AR Linalool 6.73 _
35 15.797 IR 7 X Isoamyl isovalerate _ 0.42
36 16.110 330 F - 1,1-— F L -2- 2,075 38 2 42 2-Ethenyl-1,1-dimethyl-3-methylenecyclohexane _ 1.46
37 16.257 (-)-o-MIAFAA (-)-o-Thujone 0.02 —
38 16.453 %o} {#4i-1,3,8- = 1,3,8-p-Menthatriene 0.03 _
39 16.829 (3E,5E)-2,6- —H13-1,3,5,7-3 PUJ7(3E,5E)-2,6-Dimethyl-1,3,5,7-octatetracne 0.51 —
40 17.304 7% B Allo-ocimene _ 0.39
41 17.334 2,6-—F3E-2.4,6-F =/ 2,6-Dimethyl-2,4,6-octatriene 0.19 _
42 17.420 PR = H R 45t Decamethylcyclopentasiloxane 1.74 4.08
43 17.490 fiil 3,5,5-Trimethylcyclohexane-1,2-dione _ 0.10
44 17.768 FR L 245 L -3- FH L T R G 3-Methylbut-2-enyl 3-methylbutanoate _ 0.55
45 19.121 4-iiJ% W 4-Terpineol _ 0.18
46 19.592 KB F g Methyl salicylate 0.43 0.02
47 19.805 a-F 1% o-Terpineo 0.04 _
48 20.296 (-)- ¥ ELJF I (-)-Verbenone 0.09 —
49 20.466 2,6-—H3£-3(E),5(E),7-¢ = J#-2-B%£E,E-2,6-Dimethyl-3,5,7-octatriene-2-ol 0.03 _
50 21.190 FELEEE Nerol 0.13 _
51 21.789 I -y B Neral 0.14 _
52 23.141 (E)-3,7- - H13%£-2,6-F —Jfil#% Geranial 0.56 _
53 25.101 - H IR SRS Dodecamethylcyclohexasiloxane 251 1.39
54 25.628 15 #- BRI FE G (Z)-3-Hexenyl tiglate 0.33 _
55 25.590 F3E(2E)-3,7- — Fi 3£-2,6-3F @R EEMethyl (2E)-3,7-dimethyl-2,6-octadienoate — 3.01
56 26.790 F2K-2,4- — S FBRHE Toluene 2,4-diisocyanate 0.37 _
57 28.508 B-EFIF (5S,7R,108)-(-)-1-methyl-1-vinyl-2,4-diisopropenyl-cyclohexane 0.87 _
58 28.864 S-HI3E-1,3- A K H K ME-2- 5-Methylbenzoimidazol-2(3H)-one 0.10 _
59 29.118 F1) (4Z)-4,11,11-trimethyl-8-methylidenebicyclo[7.2.0Jundec-4-ene 0.14 _
60 29.321 1,3,5-= H 4K 1,3,5-Trimethoxybenzene 0.07 _
61 29.850 B-%Fr)E p-Caryophyllene 224 1435
62 30.565 W5 (-)-allo-Aromadendrene 0.34 _
6 30.965 ZTEE E55'45-5—4,8,8—3 FH L4 208 WUA[5.2.0) L fi2-Methylene-4,8,8-trimethyl-4- B0 -
vinylbicyclo[5.2.0]Jnonane

64 31.186 a-£177¥% a-Caryophyllene 0.98 021
65 32.136 —+ U H IR L R4 b Tetradecamethyl cycloheptasiloxane _ 0.15
66 33.230 0-13:Wé ) Farnesene _ 0.16
67 35.517 FELEAUEE Nerolidol 0.06 _
68 35.824 -3 - I BE AR F R B cis-3-Hexenyl benzoate 0.20 _
69 36.176 F17 % Caryophyllene oxide 0.56 0.25
70 43.735 2K IR IE ¥ 1 Octyl benzoate 1.20 _
71 46.227 AR — H R — 5% T BiEBis(2-methylpropyl) 3,4,5,6-tetradeuteriobenzene-1,2-dicarboxylate 0.23 —
72 50.245 FKEL T I Dibutyl phthalate 0.10 _
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Table 2 Classification to the scent compositions of D. hancockii and D. trigonopus flowers

20 4 Component number

FHXT 4 Relative content/%

TELE1% L EESNo. (=1%)

Ay Bt
Component type e ST ) i AT A ST

S 22 10 63.28 70.04 6 5
2 7 5 7.53 0.41 1 —

Fefe 6 6 4.99 9.51 2 4
[EES 8 8 3.85 4.55 1 1
=S 2 1 0.70 0.04 — —
GBS 5 3 0.51 0.33 — —

HAhZE 2 2 0.11 0.47 — —
&it 52 35 80.97 85.36 10 10

33 AMHARRESHEIERERS Ty

2 FpfT A AR ) 72 Me e, Horp, 3t
AT 154 200 A BHE Bk B ik, SqE It
3~5F, FHRHCRIERET . 2 AR, FHIERE
Y. SRR . A VA R BRAR, dant
AHEREN . A A S S P
M, BUEN 27.60%, J5# & a ik 43.67%. 4t
A g I o L T A B At Al
FFRERE (6.73% ) , FAEA PO AR E] gt
AfEG2AY) SANERRSZ, RN
A (354) 2174, FRMERER . SEK

20 A1 AR RURAE 1 A BT 5 A 110 3 B A 1O
T, BRI dFTRIE . AR, A
RTAAY R ILE RS Y. X 4 MUK
gy, AE2 AR AR SR, AR, IRES
5o BRIBIFRIRIN, ZHEFTAPIRIGE,

2 T MRS G R O, B R A AE
. EEIFEA AR, AR AR AR,
XA R GR AU BITIRE, IFZ 5T T8
KBTI 5 (B)-B-2 k2 2 307 1) ) 73 S A £
JEE A AN TP A —ME R, Al



3 M Tooa, .

AR FPRBEAE A1 AL SRR A BT 1) GC-MS 23 #r 121

THEBERET .

B-A VT SOAME i R S8, 7E 2 oAt
AEFPAI SR 10%, BAERNTEHEES, N
AR, BA V., 5. PLRIEHP., -
AiEEADY IZ AR IAERRERET; a-fr
VP p- AT B Rl o SEpa iR, BARAN T
TR, AEN p-ATTIER A

il Ry L e S Iy i E I S /N O 1 R S
FWAENFK S RME A, Sl R s R &
Bl IR EAA B L AR AE R AR, A RIE
10 bpm™ [ml}, Sy RS HAA R . PR,
U2 25 PR PERY, AT iy a-JR M B IR 2o A
eI A R, TR AR & Tk Az r= rh y E i)
&, B B 5 RN JEORH & R . a- R IR 4R
iR (160°C) 2ffA AR, #E—25 07
R,

TE2Fha b, d-Fr s A A R B R A
o AT R IR, HAR AT T AR,
2 FhA kb DA A o A, A A
W, FERESEER 10 bpm™, HAHR . Bt
W B IPRE TS B A H R PR
I, BRAMRAEBREZERE ., BAERNEIRS
A BARBED 13~15 bpm™, ATHGE AA(E R
YU, EINSEPELREG AR R . BENPIR
BT oA E 0 AR AT R 5 e s i /K O
B, AT H B- TR e il

2SR, B 16 MRS, AR IRH
P 4 N\ P BAE P 107 44 0705 /KA Y i LA
PREZM, EWG| R EEmTRBEZEEN, A
APz R MAEBPERRT . iarh A S Fh
T ke, 3FEEE SRS T 1% U E, Hi, M
HRR AR SR, W2 Tk
s AP R b, 55 A3 A IR Aot
WHRIATRGF A . iR e RIFAOEI RN, nf
FHT B iRAr
4 g

w2 A iR P A MR M M X, 2l
A EERIE T4 A fHR A A 4l
ERF R AT T R RS A R
A, BB B A B A AR A 5, A A
fRERSAAT A HE MRS T, B, e/, FiB
J158,

HYIET L& YR AE A R A A A ™
Y, M2 oari. SRS YR G M.
AT I AR AL 2R N T A 1 A kA R AL FE R VR
ke, BAWSI R Rk B, =45
g 255 T2 25°C TR ACIBCHE 20 A M AR 45 R M
gy, HEREH 16 MRy, H A 3-8 A
(71.25%) , %25 3RAT 35 KMl Fh 2 />
(16 Fh) , MIAFZEPGEEE, RAEHRCR . FEH
B MBI, I, SASCE R ZE R
i PRI [T AR AR BGHR BE A [R5 AR Sy
WAL (ZEPGEEE 40°C) , PRl R
Wl /AR JEG T, P A I iR 3 O e
E, KRMHEFWFE (524) , HEEES
SR N PN S VI N 1 R e A E
55 20 A AR AR RS T T AR e AR B
ETMEFLEY T, EEMAERLEGDAH 1250,
ArrEM . BE . AR JTRE . B-IRIG . a-
S NI (N L SN e W
B8R, FHAMOTER, S, SRR,

BEAE AU T AR IO SR 2 R A R
SR F A HLI R AL PR 2R A
il SRS, S B R MR o R Rk
Al i pH 2% 1 2% i A2 46 2 P JROA 19 345 K W0
P SREEBEEAE e, i BRI, 455R
B AT AL RSy o BT AR 2R T
2RO, WREREaYE ML, JIf
RE IR A0 73 400 2K, 495 R4 0T T A PR Y L SR
AW AR B & GC-MS J3# A b AE 1
BELE, SRR LURIRRIE 2, W I A R sy
B .

5 %

AWF5Eiz T SPME #il GC-MS R, 23 #r
2 PR AL R RS AE IAE AR 5 R R A o A
RIS B R A 52 4, FEIRSE 22 4.
Bes 8 > BER 74, heldds 6 A4, Wi s 4>, mE
J 24 WA L S AR B R AL o 354,
TR0 BR8N, B S R
64~ WHZE 34, BEZE 1A i R IE R
WY R . B PTIRRN OT RE  AE A i AR
TERSNI 2T e . p- VT d-Fridhd . Ak
W IAEA AR A B D RS RS R, T



122

2L
£

Mok B

Wt

5t 533 %

HeRsr, FRUAR; o fibh 2 s 4

WA Wty BENSFE, HTEN

gt

SRR EAROL B A B RO B A T A E K

L S A A S

S 3k :

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Pichersky E, Dudareva N. Scent engineering: toward the goal of con-
trolling how flowers smell[J]. Tren Biotech, 2007, 25(3): 105-110.
Dudareva N, Pichersky E. Biochemical and molecular genetic aspects
of floral scents [J]. Plant Physiol, 2000, 122(3): 627-633.
YR, TIU, # MW, . AU ALY R W T ST it
ThREZ4, 2019, 50(13) : 3246-3254.

BERE, R B R L LR AR SE R R BEAE R

L]

JRAy AT L], o E ST A2k, 2016, 22(6) 0 52-57.
ZELENE, B, B/ AE, SE 4 FICE B AR AL ST R PR T

[J]. $ats T A 2241, 2015, 23(4) 1 454-462.

Eﬁitﬂ?ﬁ, A, E . SR A AR R A A SO B AL
HASAERUAR IS [J]. Ml BA0E5E, 2018, 31(4) : 142-149.

111 W, AR, B B, 45 A2 SRR Moo AT (0], )

PUFEY), 2019, 39(11): 1482-1495.

AR, EAESE, 22—, 45, 3L T SPME-GC-MSIL /i A6 A fFHAE

MG ], BB AGftkdh, 2018, 46(4) : 23-25, 69.

Jakaphum J, Thanapat S, Chalermpol K, et al. Determination of volat-

ile constituents of Thai fragrant orchids by gas chromatography-mass

spectrometry with solid-phase microextraction[J]. CMU. J. Nat. Sci,

2013, 12(1): 43-57.

AR, B E A, PhARAE, S5, DURD A AL ZUE R R KM oY L

(7). hEELRP2Y, 2018, 20(4) : 387-394.

w0, R, 0T, . SR B R s S (D). e

R4k, 2008, 23(8) : 735-737.

TRAYE, AR, SRETH, 55, SR A AL B R SR YIRS

[7]. iR, 2014, 39(10): 198-202.

T R, SR, FHRME. LRKA IRHEEAE A R A Y 22 S VS

(7], 7 PEHE#, 2016,36(3) : 361-368, 288.

O E M R, EORFE OB A ORI GC-MS S

(7). 7~ VAES, 2011, 31(3) : 422-426.

Minh Tu N T, Onishi Y, Choi H S, et al. Characteristic odor compon-

ents of Citrus sphaerocarpa Tanaka (Kabosu) cold-pressed peel

0il[J]. J Agric Food Chem, 2002, 50(10): 2908-2913.

Boonbumrung S, Tamura H, Mookdasanit J, et al. Characteristic

aroma components of the volatile oil of yellow keaw Mango fruits de-

termined by limited odor unit method[J]. Food Sci Technol Res,

2001, 7(3): 200-206.

sk A R, OB S RIESCAEEE RS RIRTE D], R

DT, 2010, 28(3) : 381-384.

Chen M X, Chen X S, Wang X G, et al. Comparison of Headspace

solid-phase microextraction with simultaneous steam distillation ex-

traction for the analysis of the volatile constituents in Chinese

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

271

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

apricot[J]. Agr Sci Chin, 2006, 5(11): 879-884.

Pino J A, Marbot R, Vazquez C. Characterization of volatiles in
strawberry guava (Psidium cattleianum Sabine) Fruit[J]. J Agric
Food Chem, 2001, 49(12): 5883-5887.

Xu N, Bai H, Yan X, ef al. Analysis of volatile components in essen-
tial oil of Chimonanthus nitens by capillary gas chromatography-mass
spectrometry [J]. J Instr Anal, 2006, 25(1): 90-93.

Gerard F A, Iolanda F, Joan L, et al. f-Ocimene a key floral and foli-
ar volatile involved in multiple interactions between plants and other
organisms [J]. Molecules, 2017, 22(7): 1148.

XNGETE, BRIBPK, BROGHE . B~ A0 B HATT A= 1 A= T P 5 5 1L
Tk (7). A=Ak 5 Tk, 2012, 32(1): 104-110.

Rose V B R, Bernardo M, Pierluigi C, et al. Aroma profile of Rubus
ulmifolius flowers and fruits during different ontogenetic phases[J].
Chem Biodivers, 2016, 13(12): 1776-1784.

Yoo H J, Jwa SK. Efficacy of S-caryophyllene for periodontal dis-
ease related factors[J]. Arch Oral Biol, 2019, 61(2): 113-118.

Fidyt K, Fiedorowicz A, Strzadata L, ef al. f-caryophyllene and f-ca-
ryophyllene oxide-natural compounds of anticancer and analgesic
properties [J]. Cancer Med, 2016, 5(10): 3007-3017.

Amine B, Shamma AM, Elyazia AM. B-Caryophyllene, et al. a CB2
receptor agonist produces multiple behavioral changes relevant to
anxiety and depression in mice [J]. Phys Beh, 2014, 135(2): 119-124.
Zheng L J. Use of caryophyllene compound composition in medicine
for treating general anxiety neurosis and depression [J]. China.
CN20061048947 [P]. 2007, 07. 11

Nguyen L T, Mysliveckova Z, Szotakova B, et al. The inhibitory ef-
fects of p-caryophyllene, f-caryophyllene oxide and a-humulene on
the activities of the main drug-metabolizing enzymes in rat and hu-
man liver in vitro[J]. Chem Biol Interact, 2017, 49: 123-128.

IR, 24050, W A5 LS SR sE sl AP B RS 43
Bri]. MolkBL#BF5T, 2005, 18(4): 412-415.

FRERN. AYAERSE IM]. dEat: hEMoll & L, 2014

Prakash, A, Vadivel V, Rubini D, et al. Antibacterial and antibiofilm
activities  of  linalool  nanoemulsions  against  Salmonella
typhimurium[J]. Food Biosci, 2019, 7(1): 57-65.

Lesgards JF, Baldovini N, Vidal N, ef al. Anticancer activities of es-
sential oils constituents and synergy with conventional therapies[J].
Phytother Res, 2014, 28(10): 1423-1446.

AR, 3k 9. DA XA TR 5 S 1 AR MING 40 451475 114
PR AR (0], RARF=HIWF 58 5 FF &, 2018, 30(10): 1793-1797,
1804.

Bacanli M, Anlar H G, Aydin S, ef al. D-limonene ameliorates dia-
betes and its complications in streptozotocin-induced diabetic rats[J].
Food Chem Toxicol, 2017, 36(9): 434-442.

Rao V S N, Menezes A M S, Viana G S B. Effect of myrcene on
nociception in mice[J]. J Pharm Pharmacol, 1990, 42(12): 877-885.
Rufino A T, Ribeiro M, Sousa C, et al. Evaluation of the anti-inflam-

matory, anti-catabolic and pro-anabolic effects of E-caryophyllene,


http://dx.doi.org/10.1016/j.tibtech.2007.01.002
http://dx.doi.org/10.1104/pp.122.3.627
http://dx.doi.org/10.1021/jf011578a
http://dx.doi.org/10.3136/fstr.7.200
http://dx.doi.org/10.1016/S1671-2927(06)60139-9
http://dx.doi.org/10.1021/jf010414r
http://dx.doi.org/10.1021/jf010414r
http://dx.doi.org/10.3390/molecules22071148
http://dx.doi.org/10.1002/cbdv.201600170
http://dx.doi.org/10.1002/cam4.816
http://dx.doi.org/10.1002/ptr.5165
http://dx.doi.org/10.1111/j.2042-7158.1990.tb07046.x
http://dx.doi.org/10.1016/j.tibtech.2007.01.002
http://dx.doi.org/10.1104/pp.122.3.627
http://dx.doi.org/10.1021/jf011578a
http://dx.doi.org/10.3136/fstr.7.200
http://dx.doi.org/10.1016/S1671-2927(06)60139-9
http://dx.doi.org/10.1021/jf010414r
http://dx.doi.org/10.1021/jf010414r
http://dx.doi.org/10.3390/molecules22071148
http://dx.doi.org/10.1002/cbdv.201600170
http://dx.doi.org/10.1002/cam4.816
http://dx.doi.org/10.1002/ptr.5165
http://dx.doi.org/10.1111/j.2042-7158.1990.tb07046.x

St

53

H FIORL, -

AR FPRBEAE A1 AL SRR A BT 1) GC-MS 23 #r

123

(37]

(38]

(39]

[40]

myrcene and limonene in a cell model of osteoarthritis[J]. Environ
Toxicol Pharmacol, 2015, 49(1): 141-150.

Feng Y, Zhang A. A floral fragrance, methyl benzoate, is an efficient
green pesticide[J]. Sci Rep, 2017, 7(1): 1-9.

Aguilar C, Penalver S, Pocurull E, ef al. Solid-phase microextraction
and gas chromatography with mass spectrometric detection for the de-
termination of pesticides in aqueous samples[J]. J. Chromatogr. A,
1998, 795(1): 105-115.

Soto V C, Maldonado I B, Jofre V P, et al. Direct analysis of nectar
and floral volatile organic compounds in hybrid onions by HS-SPME/
GC-MS: Relationship with pollination and seed production[J]. Mi-
crochem J, 2015, 122(1): 110-118.

Flath R A, Ohinata K. Volatile components of the orchid Dendrobi-

[41]

[42]

[43]

um superbum Rchb. £.[J]. J Agric Food Chem, 1982, 30(5): 841-
842.

Jakaphun J, Thanapat S, Chalermpol K, et al. Chemical composition
of the essential oils from cell culture of Dendrobium parishii Rchb.
f.[J]. CMU J Nat Sci, 2013, 12(2): 735-737.

Vainstein A, Lewinsohn E, Pichersky E, et al. Floral fragrance. New
inroads into an old commodity[J]. Plant Physiol, 2001, 127(4):
1383-1389.

Jakaphun J, Thanapat S, Chalermpol K, et al. Determination of volat-
ile constituents of Thai fragrant orchids by gas chromatography-mass
spectrometry with solid-phase microextraction[J]. CMU J Nat Sci,

2013, 12(1): 43-57.

Aroma Constituents in Flower of Dendrobium hancockii and D.
trigonopus Based on SPME-GC-MS Analysis

WANG Yuan-cheng', ZENG Yi-yun', LI Zhen-jian', LIU Yue-xin*, MA Xiu-hong*, SUN Zhen-yuan'

(1. Research Institute of Forestry, Chinese Academy of Forestry; Key Laboratory of Tree Breeding and Cultivation, National Forestry and
Grassland Administration, Beijing 100091, China; 2. Tianzhu Nursery, Beijing 100621, China)

Abstract: [Objective] To analyze the aroma components and the relative contents in the flowers of two Dendrobi-

um species, D. hancockii and D. trigonopus. [Method] The volatile constituents and their contents were analyzed by

solid-phase microextraction (SPME) and gas chromatography-mass spectrometry (GC-MS). [Result] For the first

time, the volatile constituents were analyzed in fresh flowers of D. trigonopus and thirty-five compounds were char-

acterized. Fifty-two compounds were characterized in D. hancockii. The main volatile constituent in both the two spe-

cies was olefin. [Conclusion] The characteristic aroma components are (Z)-f-Ocimene, f-Caryophyllene and Lin-

alool in D. hancockii flower. The characteristic aroma components are (Z)-f-Ocimene, f-Caryophyllene and d-(+)-Li-

monene in D. trigonopus flower.
Keywords: Orchidaceae; Dendrobium; floral scent; volatile constituents; GC-MS; SPME
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