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Analysis of Volatile Components of Four Aromatic Dendrobium Flowers

ZHANG Yuying', ZHAO Ruijing!”, XU Feng?, LI Han?, LI Donghui'™*, CAO Hua?
(1. College of Landscape and Horticulture, Yunnan Agricultural University, Kunming 650201, China; 2. Flower Research Institute Yunnan Academy of

Agricultural Sciences, National Research Center for Ornamental Horticulture Engineering, Kunming 650205, China)

Abstract: In order to understand the main volatile components of Dendrobium flowers at full bloom stage, the
volatile components from flowers of D. thyrsiflorum, D. tortile, D. chrysotoxum and D. densiflorum were
determined by solid phase microextraction (SPME) and gas chromatography coupled with mass spectrometry
(GC-MS). The results showed that there were 70 volatile components identified in 4 Dendrobium flowers,
including 8 types of esters, alcohols, phenols, ketones, alkanes, alkenes, aldehydes and others, among which
alkenes was the main volatile component with the highest content. The main aromatic constituent was
caryophyllene in D. thyrsiflorum and D. densiflorum with relative contents of 0.46 and 6.91 ug/(g-h), respectively,
and acetic acid [6.11 ug/(g-h)] in D. tortile; and S-ocimene [5.23 ug/(g-h)] in D. chrysotoxum. Thus, it was helpful
to evaluate and screen valuable germplasm resources of Dendrobium, and provide reference for the cultivation of
aromatic Dendrobium species and the development and utilization of orchid essential oil.
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4 PRy AR A R R I A e, BFE Bk
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tortile)~ EREF fRH(D. chrysotoxum) % 164 fifH(D.
densiflorum), X H z B A RN BB AL S BF 50 BT i
YL AE TR (] o
1.2 ik

Z R T2 B B 7 1552 BUE 2 0 78 R M %

250 CEAALFE 52 min. BRI REAE KA AL
IEH MR REX R, B 2~3 ZeAE A fHE,
Hxt HE AT AR E G, N 50 mL | HH#E IR A,
3 UGN 2 ul 1%o0 (4.325 ug/ul) 1R £ Hig, it
R AL R N HETE R R R, 6 0 R
H, 35 CHEEAE 30 min. TR, BUH SPME
)k, #EAN GC-MS #EFE O, f#HT 30 s J5 AT 04T

R GC-MS BB, /Hr s Mgt
P 5 1 B o R A5 1 5 1 254 MSD ChemStation
Data Analysis F.01.03 fJRA¥ {5 NIST14.L fiT4h
(AR AER) o 0 B R BEAT LT, 75 A R AL B4
SRR, DAZSTR BRI R, IRIEE RS AR
WA e A & 2. A& Elug/(g-h)]=[4
73U TR AR/ PN U T AR < P A PR 25 FEE e/l > Y B 1D
PRFA (L) )/FF i B 5 (g )/ 25 B 18] (h)

i . ik N HP-5SMS £ 5 B0 i
FE(30 mx0.25 mm=0.25 um), JHEFEFE: WIEEE
940 °C, LA 3 “C/min FHE % 80 'C,#R/5 LA 5 'C/min
FHEZE 250 'C, FH4ERF 5 min. EAN 99.99% 1)
AR, R ESA 3.00 mL/min; SR
A 9.00 mL/min; 7/ 50 kPa, 4t tE 10:1; 3 min
WAGER . s fF: SRA ELETI6E, MS &I
T 230 °'C, MS PUATIRSE 150 °C, fLimekisE
250 C, LT AEE 70 eV, B RAER: frEHH,
FIHVEE N 35~450 amu, BI{E N 05 FEJE 50 kPas

2 SR

2.1 FESHE R M LA

K GC-MS 7750} 4 Fi s 164 fist B AR e ¢
(R A B AT S AT 5, 49 3 R A o )
TRERE 1), FREEd 70 FiE, 500005 8
RN 97.10% (BRAEA D 96.82% (HAMEA
fiths 97.00% (SiHE A fifh A1 99.55% (FEALA it o

AFEIF AN R EY RATEE R E E SR, B
BB LA iRk> BB A k>S5 A6 A > BRI A iR
A fH S S BN 19.20 ugl(g-h), ZERTEA il
(1) 7.56 fir. MK 1 0l 0L, BAEAMHLEELEY) 14
Bl o BB TR SS FE IR = REE S B,
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Fig. 1 GC/MS total ion flow diagram of volatile components in flowers of four Dendrobium species at full bloom stage

Ber 6.1 ug/(g-h)], HEEER 31.82%, H
RICA B-D#G p-ATTIH . a-BEIARME. o-E A
KM, Sohb At LS e R R 30 B, o
B-B S B 5.23 ugl(gh), AR 49.34%,
HAIBH RS K OB, BB i kit
Bor 4 F0, DL AT I A B i [6.91 ug/(gh)],
M BN 78.34%, B 2,6- FUT Fe-4-FHIEFER)
10,10-— 1 JE-6- 3 3 34 [7.2.0] F— KA1 75 H
R =T

4 A B R MR 5 R A R A3 S R
W=hER e, TERREREA MM IR 3 Mot
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Table 1 Contents of volatile [ug/(g-h)] in four Dendrobium flowers

T3 FE R AR A R, AR R
{EE R ANG B S 7N IR N B - 57 NN = 2 o
FZELERR AT LA 3 FhAa fib b LA s (SR
ElE. p-PENE. IEERESE 1 FIRAEE T 2 Pl
fishr, Hor p-B A LR F IR A AR R A A e
EHET 1 ug/(gh). BRACARHHRRA R MR
A5 M, HAL 2- R EEFALE AN 2,2,4,6,6- T AL P
BRI ERET 0.1 ug/gh); A B R R
VIR 30 Flt, X o- AR 6-BEIAEI & 25
T 1 pgl(gh): BREA A FIFER RS 17 Fi,
TERET 1 ug/(gh); FA PR R YR
N 2,6- U T He-4-HIHIR, RN 1.09 ug/(grh).

Feg PREEIIE] (min) HE CAS 5 BRAEA fist HHI A At SBEA AL
No. Retention time Compound CAS No. D. thyrsiflorum  D. tortile D. chrysotoxum D. densiflorum
fig2% Esters

1 6.08 SAFERIECHE Hexyl chloroformate 006092-54-2 - 0.04+0.00 - -

2 11.61 Z5-4-CJ%lE 4-Hexen-1-o0l, acetate 072237-36-6 - 0.4020.19 - -

3 11.91 ZIRIECHE Acetic acid, hexyl ester 000142-92-7 - 0.21£0.09 - -

4 16.20 LR PEEE Acetic acid, heptyl ester 000112-06-1 - 0.28+0.06 - -

5 17.17 ZR% )% Chrysanthemin acetate 050764-55-1 - - 0.04+0.03 -

6 19.19 Butyl tiglate 2-methyl-1- 1000383-67-9 - - 0.01+0.01 -

7 19.73 BETE T Acetic acid, octyl ester 000112-14-1 - 6.11£1.75 0.27+0.09 -

8 20.71 3-FIE2-TUMER-3-FR 2L T -2-Md e 1000299-30-9 - - 0.110.90 -

3-Methyl-2-butenoic acid, 3-methylbut-
2-enyl ester
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4J:3% (Continued)
7 REE (min) Lty CAS % BRAEAT Rt FHIE AT SRE AT A
No. Retention time Compound CAS No. D. thyrsiflorum D. tortile D. chrysotoxum  D. densiflorum
9 22.28 (2)-3-FMi-1-B% W g 013049-88-2 - 0.03+0.01 - -
Acetic acid, non-3-enyl ester, cis-
10 22.77 LFRIETEE Acetic acid, nonyl ester 000143-13-5 - 0.02+0.00 - -
11 23.15 Z51% Il Decanoic acid, methyl ester 000110-42-9 - - 0.02+0.06 -
. 15 (E)-C-3-FFE(E)-2-F 3 T 23 Ba i 1000373-74-1 - 0.39+0.15 - -
’ (E)-Hex-3-enyl (E)-2-methylbut-2-enoate
13 24.70 J-4-Z$ TR LB Ethyl trans-4-decenoate  076649-16-6 - 0.05+0.02 - -
14 27.88 = = TlE Diisobutyl succinate 001816-06-4 0.04+0.01 - - -
£t Total 0.04 7.53 0.45 0.00
2% Alcohol
15 4.09 4-HIHE-2- /% 2-Pentanol, 4-methyl- 000108-11-2 0.07+0.04 - - -
16 5.63 & -3-Cfi-1-BE 3-Hexen-1-ol, (E)- 000928-97-2 - 0.07£0.00 - -
17 12.56 ¥ B2 Eucalyptol 000470-82-6 - - 0.1120.08 -
18 14.45 IE3FlE Octanol 000111-87-5 - 0.29+0.13 0.35+0.11 -
19 15.63 %8¢ Linalool 000078-70-6 - 0.26+0.00 - -
20 16.10 2-2K ¥ 2-Phenethyl alcohol 000060-12-8 - - 0.02+0.02 -
£t Total 0.07 0.62 0.48 0.00
%725 Phenols
21 28.16 2,6- T H H 000128-37-0 0.09+0.02 0.08+0.02 - -
2,6-Ditert-butylp-cresol
22 28.16 2,6- T He-4- RO
-37- - - - +
2,6-Ditert-butyl-4-methylphenol 000128-37-0 1.09+023
# it Total 0.09 0.08 0.00 1.09
fi2% Ketone
23 13.78 2-J%HEHJHH 2-Pentylcyclopentanone 1000191-05-3 0.26+0.16 - - -
24 10.69 3-3 i 3-Octanone 000106-68-3 - 0.06+0.01 - -
25 14.13 ZX B Acetophenone 000098-86-2 - 0.09+0.03 - -
26 20.70 “FE:PIN Benzyl acetone 002550-26-7 - 0.05+0.01 - -
£t Total 0.26 0.20 0.00 0.00
%E Alkane
27 4.70 NHEF = Ak 000541-05-9 0.45+0.02 0.19+0.04 0.08+0.05 0.31£0.16
Cyclotrisiloxane, hexamethyl-
28 10.77 2,2,4,6,6- . A PEke 013475-82-6 0.15+0.08 0.05+0.01 0.020.01 -
Heptane, 2,2,4,6,6-pentamethyl-
29 11.46 JUH FEER DU 000556-67-2 0.35+0.11 0.13+0.03 0.16+0.08 -
Cyclotetrasiloxane, octamethyl-
30 15.63 1,3,3-= HIFE = ¥1[2.2.1.02,6] i k¢ 000488-97-1 - - 0.05+0.04 -
Tricyclo[2.2.1.0(2,6)]heptane,
1,3,3-trimethyl-
31 17.96 PR — W R R 000541-02-6 0.20+0.07 0.07+0.01 0.05+0.02 -
Cyclopentasiloxane, decamethyl-
32 23.36 ORI R 000540-97-6 0.06+0.02 - - -
Cyclohexasiloxane, dodecamethyl-
33 2523 TE+PUkt Tetradecane 000629-59-4 - 0.10+0.01 - -
34 26.03 10,10~ F -6~ 317 F B —3£[7.2.0] 357414-37-0 - 0.08+0.01 - 0.5140.05
+—%¢ 10,10-Dimethyl-2,6-
dimethylenebicyclo[7.2.0Jundecane
#it Total 1.21 0.62 0.36 0.82
72 Alkenes
35 8.09 a-MHJ% a-Thujene 002867-05-2 - - 0.15+0.11 -
36 8.40 JR)f Pinene 007785-70-8 0.10+0.04 - 1.21+0.78 -
37 9.18 -5 U EE-4- T R —3R[3.1.0] C-2-J 036262-09-6 - - 0.0440.03 -
Bicyclo[3.1.0]hex-2-ene, 4-methylene-
1-(1-methylethyl)-
38 9.99 ) Sabinene 003387-41-5 - - 0.09+0.08 -
39 10.12 S-UEM p-Pinene 018172-67-3 - - 0.23+0.17 -
40 10.86 AW Myrcene 000123-35-3 - 0.06=0.02 0.15+0.13 -
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4J:3% (Continued)
Frs AREAITE (min) A& CAS 5 BRAC A7 fisk A [2iEEy A
No. Retention time Compound CAS No. D. thyrsiflorum D. tortile  D. chrysotoxum D. densiflorum
41 12.45 O-FFKENf o-Limonene 005989-27-5 - 0.03+0.01 0.43+0.25 -
42 12.98 (E)-B-%' ¥} (E)-p-Ocimene 003779-61-1 - 0.04+0.00 0.1120.05 -
43 13.44 B-Z k% p-Ocimene 013877-91-3 - 2.96+1.21 5.23+3.97 -
44 1381 (C?)y_f;‘e’f;;’ﬁ‘;"‘;jbll;tlag;g‘fy%‘_yl 2 1000162-25-4 - 0.0240.00 - -
45 13.84 y-FAMIJ y-Terpinene 000099-85-4 - - 0.26+0.10 -
46 15.11 it i /4% Terpinolene 000586-62-9 - - 0.14+0.07 -
47 16.31 (BE)-4,8-—HHEF-13,7-=4% 019945-61-0 - 0.09+0.04 - -
(3E)-4,8-Dimethylnona-1,3,7-triene
48 16.77 % 814 Alloocimene 007216-56-0 - 0.05+0.01 0.23+0.22 -
49 19.63 R4 Cyclooctene 000931-88-4 - 0.19+0.11 - -
50 24.80 3-¥8f 3-Carene 013466-78-9 - 0.110.05 - -
51 25.80 p-%i 1) p-Caryophyllene 000087-44-5 0.47+0.21 2.74+0.56 - 6.91+0.10
52 26.29 o-T RN o-Guaiene 003691-12-1 - 1.43£0.31 - -
53 26.69 a-F1 77} a-Caryophyllene 006753-98-6 - 0.16+0.03 - -
54 27.53 B-F-T M B-Selinene 017066-67-0 - 0.24+0.10 - -
55 27.59 Bicyclo[5.3.0]decane, 2-methylene-5- 1000159-39-3 - 0.14+0.01 - -
(1-methylvinyl)-8-methyl-
56 27.85 Guaia-9,11-diene 1000374-19-8 - 0.17+0.01 - -
57 28.01 - BIARM 5-Guaiene 003691-11-0 - 1.25+0.08 - -
41t Total 0.57 9.68 8.27 6.91
2 Aldehydes
58 4.03 IEE.#% Hexanal 000066-25-1 - 0.03+0.01 - -
59 9.46 % Benzaldehyde 000100-52-7 - - 0.03+0.02 -
60 13.14 K% Benzeneacetaldehyde 000122-78-1 - - 0.92+1.04 -
61 16.51 2,5- [(= 3 F R o ) S B - i 056114-69-3 - 0.02+0.01 - -
2,5-Dihydroxybenzaldehyde, 2TMS
derivative
41t Total 0.00 0.05 0.95 0.00
HAth Other
62 7.34 FR4E FE 2 HE N5 Oxime-, methoxy-phenyl-  1000222-86-6 0.05+0.01 0.02+0.01 - -
63 6.07 XfZFZ p-Xylene 000106-42-3 0.09+0.05 - - -
64 12.26 A-5F NI O-Cymene 000527-84-4 - - 0.04+0.02 -
65 18.23 SN Benzonitrile, 2-chloro- 000873-32-5 - - 0.02+0.01 -
66 18.23 3-5 KN Benzonitrile, 3-chloro- 000766-84-7 - 0.03+0.01 - -
67 18.58 %% Naphthalene 000091-20-3 0.16+0.06 0.06+0.01 0.03+0.02 -
68 22.18 W5 Indole 000120-72-9 - 0.17+0.01 - -
69 26.41 (1R,3aS,8aS)-7-Isopropyl-1,4-dimethyl- 036577-33-0 - 0.11+0.00 - -
1,2,3,3a,6,8a-hexahydroazulene
70 24.86 2-Quinoxalinamine, 3-chloro-N-ethyl- 1000400-56-1 - 0.03+0.00 - -
&1t Total 0.30 0.42 0.09 0.00
- RAGINE
—: Not detected.

2.2 FESFE RS I
4 FOf AR E Y 70 MR VE ROy, AR AL

SERTT 30N 8 KR 2). A i BB AT AR AL

TR 47.64%, JHFBEWIRZ(22.44%).

ABILUERAC S & B, 0 G A R

WEYIRER 50.42%. 78.02%F1 78.34%, Kk

NG (39.22%) 5 25(8.96%) AT 25(12.36%) .

BRAEA T R AL S & R s O e R &9,

3 ZERATT iR

3.1 AMBIERER T EER NS
PEFF AL H 3 P RV e SRR IR i), 32
TR B R fek.

[EESPYSEIES
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Table 2 Composition of volatiles in Dendrobium species

o BRACA it A it e it HACH
;‘ D. Thyrsiflorum D. tortile D. chrysotoxum D. densiflorum
pe i # & Content o 4 & Content i % Content i % a Content
Number [ug/(g-h)] Number [ug/(g-h)] Number [ug/(g-h)] Number [ng/(g-h)]
i3k Esters 1 0.04 9 7.53 5 0.45 0 0.00
[ Alcohol 1 0.07 3 0.62 3 0.48 0 0.00
2% Phenols 1 0.09 1 0.08 0 0.00 1 1.09
{2 Ketone 1 0.26 3 0.20 0 0.00 0 0.00
JeJ Alkane 5 1.21 6 0.62 5 0.36 2 0.82
JfiZk Alkenes 2 0.57 16 9.68 12 8.27 1 6.91
2% Aldehydes 0 0.00 2 0.05 2 0.95 0 0.00
HAth Other 3 0.30 6 0.42 3 0.09 0 0.00
A1t Total 14 2.54 46 19.20 30 10.60 4 8.82
Al . . < -/, S N =R N N N
& . WM 2% (Phalaenopsis aphrodite)?® . i 3% J& AT 17 M, HorbilEsR & E S 4, FER

(Nymphaea)'". ¥&¥(Gardenia jasminoides)'". 4
LA KD, moniliforme) " M SELE R K VRS> £ EE LA
TSR I Bt s AL AE(Crocus sativus)!3),
WEABHD. polyanthum)™ . FEIL A HHD. loddi-
gesii)"5 VG A I 2 R R B ABESR s A AE
(Amygdalus triloba)'™, Z /41 24 IS DU 2
Y e E AR s EIS A BHD. hercoglo-
ssum) BEE A0, R EAND. superbum)?!)
) £ ZF IR K ABE S 300 == (Oncidium
hybridum)?> 23 (1) xS, 35 B EH 1 2SR s 2R 4 o
5E ;s BAL E 18 (Medicago sativa)* ¥ Hh 38 K 1 1543 LA
R AN E

AT B SRR A R B AR A
WIS RV B b & B s IR IE s, B
S o0 A et A A A N Tk, TE A
BRAEA R IR R R & &R T ke

FE R SR FH K R v 60 BR AR A it A 3t
ITHERVER 738, L5 22 MR R Y, DR
FAE, FERSOIEVMER. TWRKER LRI
8y BCFRREUER K 8RR E TR ERAE A
FRHAEH 28 26 PP R LS, Horh e SRR 2R
WEWEEMY, FERNWME. =+ =5,
FRAEER . T Tuess, MEERE A iR S2 U R MR Rk
18 B, DARIEAN T, FER - OFEEAHER . T
THPEREE; BT 75 SROR A T A [ AH AR B %, 40 °C
AHY 30 min, M EBEAT e A6 2 o I 2144
PERCT 31 Fh, DABRSSAmS AR T, FERWRHD
NOTRFEWE . o-TMm5F; B RFERTEER A T2 [
AR 2 B 0T BRE A Mk ()4 R A o 34T 0, AR

Ii=-p-2 4 (LR)-(+)-0- TR M 55 5
FH T2 [ AR B 236 B T 2= 8. (25 °C) F A H 45 min,
MEHREA A2 20 FRER MRS [FIRE LIRS IR
NEE, o 3-EdmE R, AEEAR S E N
15 Ffr, Horpr 2-3V FR 34,8, 8- = FF k-4~ 207 - XA 5.
2.0] ELE s E ik 82%.

WK, &Fh. fet. AEFEER. MY
MBIRAL, 4. RO SR RS2 F8UE
RAE R IR RN A i R 3 22 R 203 R A
SR FH ] AR A 2 BB AR SR A R 3R AR i ) 38 K 1 B
SR A AR EZER, R, M
YA BRI R 38500 SehE A At R e I
FKASaT NI FARML, T B R D R AP B 2=
FATREAR Rk . REHUGRFE KR . AR5 AN A
SE; B BHFE R YIRS BT RAEAERR
REER, RWILHAMS, "aeSRENT, 2
TP Bt TR A R A %

3.2 FEEREN SV BRI TER

TR S R M B A & A 0%, i
B E S &R BEM L E vee, B HBE R
R RS 23 06 B ok ) s ik B KB B 77 I () IS AH
WEAR, N 64 ugkg, BARIRAFUT THENE
S FINERA AR EA . b DL 2 1S
W TR i AR AR, BT RARERE
BHRTNIE BBk B430), ZE 3R A A RS 6 A it e (R
R, WA S H EERRE RS, (HEL
A fiR TR ORI ST ERTE A RS R BB IR, AT RESE
BT 3500 ik p- 1 0 IR il Bk 31 1 Bk AR A it
(1) 14.70 5, [F) I HH IR iRt I Bk 7 2 — 8 5%

FHIFHOIR
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Mo FERRSEBE RN 12 pglkg, TEHIIRA )
R e, RN SRR E A M R E R 2 AR,
HAERE . EHEMFEARED, p-BWIEAE hattf
FRHE 2 ER A Sy, A BED 34 pglkg, KA
FEH W RV R, BATEE . BAHEY
ER AR ISR, REBRSIE R
P B SR R B A R Ak 2 08390, R I g R A i
TR L A P73 0 HAE 2 (0 A R A — 8 (R Tt
Wik IRM AT N SREAT ARE I IR RN Ry, TR
BMERAR, FA AR, 0 HAE 1
AR — 58 R o

AfHeE IR Al B ok, ARt
XF 4 FhE LA HE R AR R E o, A BTN
REAER HE R T IR, 9 A i
T 5 A A8 B A ik it o Rl 5 5 b 2 B 5T )
RtES%,
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