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Abstract:; To explore the biosynthesis and emission mechanisms of the floral aroma in Dendrobium nobile, this study
systematically analyzed the dynamic changes of volatile components and the ultrastructural characteristics of the perianth
cells at different flowering stages by integrating headspace solid-phase microextraction ( HS-SPME ), gas
chromatography-mass spectrometry ( GC-MS ) analysis and scanning electron microscope ( SEM ) observation
techniques. The results were as follows: (1) Through dynamic monitoring of volatile components from samples collected
daily from day 1 to day 14 of flowering, a total of 26 main aroma components were identified, mainly alcohols and esters,
followed by aldehydes, terpenes, and ketones. Content of terpenes peaked on day 6, with B-caryophyllene (26.80%) , 1-
octanol (17.00%) , and octanal (13.01%) being the dominant components. (2) The analysis of the volatile components
of different parts of D. nobile revealed that the labellum and the column were the main sites for the release of volatile
substances. (3) Ultrastructural observation of petals showed that the upper epidermis of the labellum had long and dense
glandular trichomes without stomata, and the spaces between the glandular trichomes were filled with secretions,
confirming that the secretory function of the epidermal trichomes and cells in labellum was significantly stronger than
those in other parts. Therefore, the raw materials for D. nobile flower tea should prioritize the collection of the labellum
and the column, and be harvested on day 6 after full bloom to maximize the retention of key aromatic components. The
results of this study not only provide a scientific basis and quantitative indicators for the precise harvesting and
standardized processing of D. nobile flower tea, but also offer a technical paradigm for the aroma quality regulation and
efficient utilization of other fragrant medicinal plants in the Orchidaceae family.
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The pictures show the flowering process of D. nobile from day 1 to day 14 after flowering, bar=1 cm.
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Fig. 1 Flowering and sampling process of Dendrobium nobile
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Fig. 2 Changes of volatile component content of Dendrobium nobile flowers
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Fig. 3 Changes of terpene compound content of Dendrobium nobile flowers
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Table 1  Volatile components in Dendrobium nobile whole flowers at three flowering stages

LB Oek I Kb Kt et
PRR T ety CAS i nox B
Retention time Comnpound CAS number Day 1 Day 6 Day 12
(min) P i (%) (%) (%)
8.068 ST 110-62-3 1.12 1.98 1.73
Pentanal
8.418 X 2K 106-42-3 0.34 0.56 0.11
p-Xylene
9.322 IE O 66-25-1 8.00 3.21 8.40
Hexanal
10.046 - 928-96-1 0.26 0.33 0.27
(Z) -hex-3-en-1-ol
10.098 ey 111-27-3 0.95 1.04 1.15
1-Hexanol
11.108 F P 111-70-6 0.66 0.53 0.34
Heptan-1-ol
11.192 134 -3 3391-86-4 0.96 0.32 1.06
Oct-1-en-3-ol
11.439 1EE R 124-13-0 1.02 13.01 3.27
Octanal
11.592 B 13877-91-3 6.30 2.23 15.40
Ocimene
12.034 IEEEE 111-87-5 27.60 17.00 12.80
1-Octanol
12.034 R~ i 112-32-3 27.60 3.27 2.26
Octyl formate
12.299 HHEIg 123-35-3 2.45 2.59 1.65
Myrcene
12.351 IETRE 124-19-6 0.88 1.08 2.23
Nonanal
12.898 1T 143-08-8 0.43 3.55 2.15
1-Nonanol
12.985 A4-T- I 37423-42-0 6.00 1.73 1.73
Non-4-enal
13.051 LR 112-14-1 5.70 9.60 22.50
Octyl acetate
13.218 LT 112-31-2 0.16 0.22 2.52
Decanal
13.357 BT 10482-56-1 1.29 1.11 1.03
a-Terpineol
13.834 LR (Z)-5-+ Z s 16676-96-3 0.22 0.13 0.42
Dodec-5-enyl acetate
13.998 4-ZEFE 2T R 2550-26-7 1.89 1.32 1.01
Benzylacetone
14.089 4R FE2-T 2344-70-9 0.97 0.23 0.32
4-Phenyl-2-butanol
15.091 A I 33880-83-0 1.35 6.80 4.12
(=) B-Elemene
16.052 2-+ = Bei 593-08-8 0.51 0.13 7.30
2-Tridecanone
16.119 B-H T 87-44-5 1.94 26.80 5.12
B-Caryophyllene
16.241 & 5T e 61692-84-0 0.42 0.22 0.23
Isobutyl tiglate
18.991 2+ L i 629-66-3 0.98 1.02 0.88

2-Nonadecanone
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Fig. 4 Total ion chromatograms of volatile components of Dendrobium nobile whole flowers at three flowering stages
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Fig. 5 Total ion chromatogram of the labellum of Dendrobium nobile flowers
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W IR B XA (K 8. E) BRI SAL,
5 ERAMICE, BT 2L 040K (K’ 9.
A B)  BURHRIN Y F30 T8, R B2 B R
9:B.D) HASS/A (K 9:C), &MER,H
TEFNTEEAEAR AL, A IR XERE I g 2 R o, 3
(T80 M b T R Bz AR H AR, Jo ik FH IR B 5 (&
10) . )M B PR, HEECE HAS
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Table 2 Main aroma components detected in different parts of Dendrobium nobile flowers
(m=s] ‘~‘ e Bl A AR AT ?L::l:‘
i M ig] fi] oy CAS & JE ;%39[# TR
Retention time Compound CAS number Labellum Wing flap Flag flap Column
(min) P (%) (%) (%) (%)
8.068 T 110-62-3 2.43 — — 1.11
Pentanal
8.418 X HOR 106-42-3 0.21 — 0.11 0.15
p-Xylene
9.322 1ECU s 66-25-1 6.87 — — 9.52
Hexanal
10.046 - 928-96-1 0.32 — — 0.25
(Z) -hex-3-en-1-ol
10.098 1E L 111-27-3 1.05 — — 0.87
1-Hexanol
11.108 1E P 111-70-6 0.41 — — 0.26
Heptan-1-ol
11.192 -3 -3- I 3391-86-4 1.09 — — 1.44
Oct-1-en-3-ol
11.439 Neegis 124-13-0 1.04 — — 1.11
Octanal
11.592 B i 13877-91-3 5.74 37.55 44.21 6.13
Ocimene
12.034 1EF B 111-87-5 25.44 23.55 — 22.76
1-Octanol
12.034 2 ~F iR 112-32-3 28.97 — — 27.34
Octyl formate
12.299 JERER 123-35-3 2.58 — — 2.22
Myrcene
12.351 1IE T 124-19-6 0.97 10.78 — 0.42
Nonanal
12.898 - 143-08-8 0.32 11.67 — 0.62
1-Nonanol
12.985 4TI 37423-42-0 7.11 — 22.57 5.43
Non-4-enal
13.051 R TiR 112-14-1 5.77 16.45 17.75 6.04
Octylacetate
13.218 ZEE 112-31-2 0.33 — — 0.51
Decanal
13.357 a-FA T 10482-56-1 1.03 — — 1.32
a-Terpineol
13.834 LR (Z) -5-T I mEms 16676-96-3 0.33 — — 0.52
Dodec-5-enyl acetate
13.998 4R HE-2-T 2550-26-7 2.88 — — 4.12
Benzylacetone
14.089 4RI 2T 2344-70-9 1.03 — — 2.12
4-Phenyl-2-butanol
15.091 S I 33880-83-0 1.02 — — 1.11
(=) -B-Elemene
16.052 2+ =15z 593-08-8 0.42 — — 0.61
2-Tridecanone
16.119 B-A T 87-44-5 0.98 — — 1.42
B-Caryophyllene
16.241 B &R 5T TR 61692-84-0 0.55 — — 0.56
Isobutyl tiglate
18.991 2 JLBERR 629-66-3 1.11 — 14.36 2.04

2-Nonadecanone
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AB. 1 RERE; CHTRERE; D. 814 RERK, EF. 514 RTRE, t REE; ec. RN p. Sk,
A,B. Upper epidermis on day 1; C. Upper epidermis on day 7; D. Upper epidermis on day 14; E, F. Lower epidermis on day 14; t.
Trichome; ec. Epidermal cell; p. Patch.

6 EEEEREEMEN

Fig. 6 Microstructure of fresh labellum epidermis

A BRE; B TRE ec RIZANNE; p. B,
A. Upper epidermis; B. Lower epidermis; ec. Epidermal cell; p. Patch.

7 FIE 14 RERBMEN

Fig. 7 Microstructure of wing flap on day 14 of flowering

LRSI TR (K 9:.C) ML, B PR BREAE,2023) , (AR IEE AL, A0 C TH Y %

HAESIL(E 10) P RS (9 5 %38 3R W T BRI — A 35 S 1
FEAS LA IR B L 207 A LA £ 43 W 1
3 itip o5 B A 1 L9 23 FCAR X o B T 1k IR W4
PR TR 1 52 I 24 X B B 2 B R R R B
3.1 £ AMFRLBER RS DS B 1) 5 5 3 A 2 BIR 75 25 DR 285 W T 0

ANTR B it R R O S FE T R EE AR Sl AR A 2 A ] RE HE i 21 o0 B R B Y
PRI 2 R MR A 4 R PR IR I A5 5 i (5K S0 % . ARWFSTR ] HS-SPME-GC-MS A Xt



A-E. JFERS 14,912 14 RRBCEMBAGH: PIFIER | REKEHUGE: ¢ RIET: e RIAM: o REERIKL

A-E. Ultrastructure of trichomes on days 1, 4, 9, 12, 14 of flowering; F. Ultrastructure of trichomes on day 1 of flowering; t. Trichome;
ec. Epidermal cell; tf. Trichome fold.

8 EMLERERKE
Fig. 8 Trichomes of the upper epidermis of labellum

FEACTE I M Ay PEAT A A0 301 sl 25 W, 6 26
26 Fib G W, 764 BUA BHEATF AL BT, o8
Koy CBAE B-A A B i WA H
)RRt MM SR 2B, L hE
B , TFAESE 6 K B-A Pl & i B £526.80%
IRENEME X 5 i 4k B4 (2018) M IHAE (2023) |
HHESE (2021) F1E R & 4 (2026) (1947 58 45 3 AR
oL, B AR BN TR U 4 BUA R & 43
PR OR [ 22 5 0 3, 1R B A2 SR 4% B ) B2 34
BN ZUERIRE JE IR R A B B AR ELR
AR, X BB 2 AT BE I o 5 0 AL 2k B9 AR TS
zyﬁ ﬁ?yﬁﬁ%ﬁ%ﬂﬁ/—\ﬂziﬁﬁﬁ’i# I TR Ok R i &
PR AR AL
32 £ AREEYRE RN EEZIML
AR ST 38 o R B LR, & B A U 4
WEAIF RGP SIS S R R0y
FYTORIEIROL, JERE A A BUh 2 O T
SRR AT, B A 2 % AN R HL A1 BE A R 2
Fag i) S0 533 %%Hﬁﬁﬁﬁﬁi_m%%%%,ﬂx
MR LIRS Wang 55 (2025) BT 458 — 2, i
R, ERHEYRELRE ‘ﬁU\iﬁlﬁhﬂﬁ‘E‘Jﬁ?
MU B G U 8 25 0 R o X243 WA 25 #g ] DL A 8

JERHE I | D YR BB R B R R A
Jr B Wy LA R == BHRE W 0 J b 4R B (KRR
85,2015 PR SE 2015 ) o 33X b AR R IR A A
R 25 il A A AR DR AR I, A A I ) PN A R
Pl LA 1Y 2 AT BETE 40 M N 2 B /N R
B hEAT (1 E 78,2004 ) o AH )AL (AL
S5 ) W K MR AE AR ) T — iR AT i 3 ok G R B A i
FERW 0 HLOR TS A RO R W, R B A
R B T TR S5 an <AL BRI SE (FLL
N AL TR, 2015 5 i B s 25, 2020) , 1E5> T2
I, A W55 & B MYB ( myeloblastosis ) % 5 A F 5
5 254 W (terpene synthase, TPS) & K K % 7F
ZRHE Y IR B T SR A AR R OGS R 4
YER . B4, Wang %5 (2025) 725 A fjth &4
HLIN 21 5 A0 i 5% Sk 2 o B, MEE T 21 MYB
A m P B2 BE-PR-IR € ( basic helix-loop-helix,
bHLH) ¥ 5t N 7 56 % 0 R & i K 3£k
Z: 5 3R A0 ML B B R Y S Ak £ 5 A N AR
(2023) F Yang %5 (2025) 16 8% 4l A7 sk | 40 25 47 sl
A BHEY R & B, TPS IR RS 5k 2845 &
YR A= 0 A R R Wang (2014) F1 X1 1 A 45
(2021) BUBTFE R W], 2% 3 K 52 14 2 1 K F 55 i
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A. R, B FEMK,; C. FHRELSFL; D. B, t. RILT,; ec. RILYM,; s. KFL; ue. [3RH; le. THRIK,
A. Upper epidermis; B. Lower epidermis; C. Stoma of lower epidermis; D. Cross section; t. Trichome; ec. Epidermal cell; s. Stoma;
ue. Upper epidermis; le. Lower epidermis.

9 EmMETREEMEHIILL

Fig. 9 Comparison of the microstructure of the upper and lower epidermis of labellum

A BRF B TRE e REAIML s AL,
A. Upper epidermis; B. Lower epidermis; ec. Epidermal cell; s. Stoma.

10 EIWNEW RSN
Fig. 10 Microstructure of wing and flag flaps

TWE L WY TR FH M, XEH 3.3 ERAREEREHXERETNR
FEN R Z R Y IR B R T S RS T R AR R AE A B BT KA (SR T AR X
PP 2 PR T H B R R A, WS AR R E A R, TR R IE A5 (2023)
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WE5E R, W 4 2 AR S Ak & W ad o B A Bk
AR, RIS A A IR Ve B2 T AL BB A MR S
Horb - P A Sy 4 BUA R B9 32 WA i 47,
FABEMN R 64 pg « ke, LA MAIW T HILF
LR T RIME R RS W), e B iy AR R Bt
RICPUE R PUMARE LB, 2 N T &R
P sl 152 590 2B 72 (Yoo & Jwa, 2019 ; 7K R %2 %5
2023), WAHh, B R IAEE R A IR A AL
AR, BAT AR B 7 R B A 0 O = 3R A
VI S R 5T m R N | o e N e i
H8.6 wL - L' BAHIR ME LA Thag; H
s ) B AT BELRR P A ) o A A RO T
SBIE A 13~15 pL - L' EIoa4E,2022) .

EN AT T VNN IV SR RV PO R ) o
6 KEENS 2 26.80% , B J5 PRI N [ ; £ B IR W 7E
5512 RIFZ 22.50% , 52 B W] 5. 1% DA il o 6 35 21 i
R RHIE . 5 R, 6 8UA L 2 7E B
TEE 6 KB It e 18 RS B W, 3R W] B K5
T VSRS SR RE X 5 £ 1) T e 0 b7 466 % R T
R KA, LT I AR, X — AR S B
B REALSE DT A R 1Y A IR E & R W) A (V57
55,2008 ; it #5745 45, 2020) 33X Bl I AR Ak A A
PR A AR “ IR TE e 5 WG B R R,
A6 39 ) 391, BT 0K rh BB i A B B B IR ( methyl
erythritol phosphate, MEP ) 37275 K, TPS = 23k, 3K
) B- A PTIRSEME 2 KA 5 1 56 6 KIm , Bl AL
ZIadh, IRE A T (lipoxygenase , LOX) 38 428 9 I8
20 B RS AR AR A D R TR TR 21 55 M S T I, 7 ot B e
M (alcohol acyltransferase , AAT) 1 ¥4k A g
F (TR |, [ I 965 - S M 52 S i il
P, P 2R 6 RIE il I & MU b 4% £ S A
WA A AR A S0 SO TR 3 DA 1Y G SRR ] 5 4
L BEml, 25 FRTIR AR 6 K24 BUA ik 2
SRM BT Y de AN B, 2R AU A SR TR
WAL T bR, L o T R 5 MEP/TPS & 48
JE T TH ST BT AL 1 OGN P AT A

4 Hi

ASBIFFE R T 25 [ A A B S & SO 3 -
Bk B BOTES 1| REH 14 REHEL
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R M B A AR, AL A 26 F % K
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J5 M 2 RN A 2K 5 A ) 38 A 45 R 43 A3 AT
TN, S R RS S R ARG N 26 b LI O 45 A
W 5 A 2 W45 K 1 W BT 32 R TR T S RN
FE, R B b 45 o B sh AR AL R B i
KRRFEAETE 5 6 K B-A T & ik 26.80%,
T B S 45 1 B | & BUA BHE 48 K 1 % 4
FEORFE TER, Bl EREREKHL%E, K
B E WY B SR RO L E,
SR Y BEAEI S R T AE o b 3R R R R
RIS 37 F B 28 L sl o W A7 F B4,
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JL B ) 98 9 SRS e 5 K 43, By Ik B M
KK, W L5 B DOEHRIC AL T 1% AR B8 s 4 oy
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