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Abstract: Phalaenopsis was the genus with the highest ornamental and commercial values among orchids. Phalaenopsis
with fragrance were rarely distributed in the market due to selection constraints, such as affinity, ploidy and breeding
age. Therefore, research on transferring aroma traits into commercial Phalaenopsis are of great significance to the
breeding of Phalaenopsis. In order to investigate the key aroma-causing components among different varieties of
Phalaenopsis, the floral fragrance components of the eight new hybrid varieties in full blooming period were examined by
headspace solid-phase microextraction and gas chromatography-mass spectrometry. The principal components, clustering
and aroma quality analysis were performed based on the identification of floral substance components. The results were as
follows: (1) 96 substances were detected in eight varieties of Phalaenopsis, mainly divided into eight categories of
terpenes, aldehydes, esters, alcohols, ketones, ethers, phenols and aromatic compounds, among which terpenes were
dominant in quantity and content and were the main volatile substances of Phalaenopsis. (2) Principal component
analysis showed that eight varieties were divided into three quadrants, F2 had the most volatile components and the most
quantity, terpenes were mainly 1, 8-cineole, a-bergamotene, linalool and ( +)-calarene; F1, ¥4, F5 and F8 were
divided into a group without ketones, ethers or phenols, and they had the least volatile components and terpenes were
mainly linalool; F3, F6 and F7 were divided into a group with more volatile components and the terpenes were mainly a-
bergamotene. (3) The results of cluster analysis were consistent with the principal component analysis, and the eight
varieties were clustered into three categories, F1, F4, F5 and F8 were more closely related to each other as floral odor
types; F3, F6 and F7 were more closely related to each other as woody floral quality; F2 showed a long genetic distance
from the other seven varieties, with complex floral components and relatively average contribution of volatile substances,
and both woody, minty and fruity types. This study shows that floral fragrance substances can be used as potential trait
markers to distinguish between groups of varieties with different fragrance characteristics and provide a theoretical basis
for further development and utilization research through cross selection to achieve specific floral fragrance Phalaenopsis
selection and product processing and production.
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Table 1 Main volatile components of eight varieties of Phalaenopsis in their full blooming period and their relative contents

FAXSF i Relative content (%)

aEmAFx VERCEE
Compound name Matching
F1 F2 F3 F4 F5 F6 F7 F8
E7EZ Monoterpenes
1 EEs- (1 3R 2 38 ) -3 94 1.68:0.24 — — — — — — —
[3.1.0]-2-C4
S-isopropy 1-2-methylbicyclo
[3.1.0]hex-2-ene
2 (+)-a-JEM (+)-a-pinene 97 — 0.89+0.18 — — — — — —
3 (-)-a-RM (-)-a-pinene 96 — — — — — — — 4.01£0.80
4 (-) —B—?}*ﬁ:‘kﬁ% (-) 4B-pinene 94 — — — — — — — 1.35+0.09
5 B-IkMi B-pinene 94 0.75+0.07 0.2+0.04 — — — — — —
6 M Sabinene 96 6.78+1.22 — — — — — — 13.24+0.06
7 AAEM Myrcene 96 0.2+0.03 0.2+0.07 — — 0.23+0.01 — — 1.19+0.09
8  FAIMME Terpinene 84 0.39+0 — — — — — — 1.09+0.1
9 (+)-FriE0 (+)-dipentene 99 — 0.27+0.08 — — — — — 1.72+0.11
10 FErHMEE 1,8-cineole 97 2.01£049  6.68+2.17 — — — — — 23.65+0.7
11 y—ﬁ&‘(‘lll‘}(ﬁ% 7y-terpinene 97 0.80+0.16 — — — — — — 1.48+0.09
12 B Ocimene 97 — 0.250.12 — — 4.060.98 — — —
13 BRI 97 — — — — 0.560.07 — — —
Ocimene mixture of isomers
14 W55 Terpinolene 96 — — — — — — — 0.72+0.11
15 BIZ I neo-alloocimene, stab 97 — — — — 1.52+0.41 — — —
16 F5HEEE Linalool 97 8.52+2.98  3.63+2.55 — 8.94+0.39  16.81+3.98 — — 4.96+2.02
17 ks Terpinen-4-ol 96 — — — — — — — 0.19+0.03
18  (6E)-2,6- W2 6-— 4% 97 1.67+0.53 — — — 1.18+0.21 — — —
(6F)-2,6-dimethylocta-2,6-diene
19 o-FAHEE a-terpineol 90 — — — — — — — 1.030.09
20 P Citronellol 98 2.03+0.77 — — 1.15+0.14 0.57+0.2 — — —
21 (3E)-4,8-—WHT-1,3,7-=H 91 — — 0.1x0.01 — 6.4+1.06 — — 1.34£0.22
(3E)-4,8-dimethylnona-1,3,7-triene
22 (3E,5E)-2,6-—H%-1,3,5, 96 — — — — 0.39+0.08 — — —
7
(3E,5E)-2, 6-dimethyl-1, 3,
5,7-octatetracene
&7 Sesquiterpenes
23 (-)-a-EEFEIM (-)-a-cubebene 98 — 0.24+0.01 — — — — — 0.16+0.05
24 i Elemen 98 — 1.07+0.08 — — — — — 0.20£0.06
[1S,2R,6R,7R,8S,(+) ]-1,3-
THIE-8-(1-H A £ ) =3
[4.4.0.0(2,7) ] 55-3-4%
25 [1S,2R,6R,7R,8S,(+)]-1,3- 99 — 0.93+0.07 — — — — — 0.79£0.22
dimethyl-8-(  1-Methylethyl )
Tricyclo [4.4.0.0(2,7) ] deca-
3-ene
26 a-i A a-copaene 929 — 0.14+0.03 — — — — — 2.34+0.63
A
()T RATERG 93 — — 0.36+0.08 — — 0.23:0.02  0.54x0.05 —
(+)-7-epi-sesquithujene
28 B-ii 4 B-copaene 95 — 0.37+0 — — — — — —
29 a-FHHH#E a-bergamotene 99 18.71+4.89  28.82+4.79 58.73+1.24  28.12%0.19 — 67.18+1.17 48.94:4.28 —
30  «-fHFM Santalene 929 — — 0.13+0.03 — — 0.09+0.01 — —
31 B-HiF M B-elemene 91 — 1.87+0.11 — — — — — —
32y y-elemene 99 — 4.56+0.37 — — — — — 1.16+0.38
(o) y
33 BRI 95 — — 0.49+0.07 — — — 0.23+0.06 —

B-sesquiphellandrene
1-(1,5- 4B ) 4

34 HHIEXUER 9 — — — — — 0.5+0.05 — —
[3.1.0] ¢ Sesquisabinene
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X} E i Relative content (%)
UREL/ RN DEHLEE
Compound name Matching
F1 2 F3 F4 F5 F6 F7 F8
35 (18-5h)-2-H -3-0F H JE-2- 97 — — — — — 0.08+0.01 — —
(4-F B30 4 3 ) W3R
[2.2.1] Bk
3-methyl-2-methylidene-3-( 4-
methylpent-3-enyl )
bicyclo [2.2.1]heptane
36 B-A A 95 — — — — — — 2.03+0.04 —
trans-f-farnesene
37 1-(1.5-dimethylhexyl ) -4- 90 — — 0.12+0.07 — — 0.16+0.01 — —
methyl-benzene
38 a-HEUf a-caryophyllene 92 — — — — — — — 0.34+0.09
39 1,2,3,5,6,7,8,8a-octahydro-1- 98 — 0.87+0.31 — — — — — —
methyl-6-methylene-4-( 1-
methylethyl ) naphthulem—:
40 (E)B-EHNH (E)-B-farnesene 96 — — — 0.69+0.10 — — — —
41 B-FHHl B-bergamotene 97 — 238+0.26  5.62+0.82 — — 5.44x1.79  2.45+0.26 —
42 KWREHH D Germacrene D 95 — — — — — — — 1.34£0.33
43 (+)-FHENTE (+)-calarene 97 — 6.58+1.10 — — — — — —
4 a-Ff a-zingiberene 94 — — 0.35+0.12 — — 0.31+0.02 — —
45  B-£I¥% 2 B-bisabolene 98 — — 12.99+1.06 — — 2.06+0.11 11.4+1.4 —
46 a-BEWRM a-farnesene 98 0.440.07 — 0.67£0.05  0.74+0.08 — 0.68+£0.05  0.67+0.09  0.48+0.02
47 (+)-FABWHKS (+)-valencene 93 — 0.43+0.10 — — — — — —
48 (E)-y-B 2k 98 — — 0.1+0.03 — — 0.08+0.04 — —
(E)-y-bisabolene
49 1-H3E4- [(2E)-6-H 32, 95 — — — — — 1.88+0.83 — —
5-BE 25 R
I-methyl-4- [ (2E)-6-Methyl-2,
5-heptadien-2-yl ] cyclohexene
50  S-FLARMG (+)-5-cadinene 96 — 2.34+0.99 — — — — — 1.20+0.53
51 y-fERM (+)-y-cadinene 98 — 1.05+0.94 — — — — — —
52 TR a-himachalene 94 — 1.05+0.07 — — — — — —
53 - a-curcumins 99 0.61+0.12 — 0.58+0.02 — — 0.76+0.04 1.97+0.77 —
54 a-Fr Pl a-selinene 98 — 1.53+0.12 — — — — — —
55 a-AK2ZiH a-muurolene 98 — 0.88+0.02 — — — — — 0.31+0.07
56 HIZE Dendrolasin 64 — — — — — — 0.33+0.20 —
57 1-& s HE-1- B4 -2 97 — 0.35+0.04 — — — — — —
H2-N- 10752 B b
1-ethenyl-1-methyl-4-propan-
2-ylidene-2-prop-1-en-
2-yleyclohexane
58  (+/-)-trans-calamanene 95 — — — — — — — 0.73+0.24
59  (1E,5E)-1,5-ZH 3-8-(14- 9 — 2.82+0.29 — — — — — —
2-WAk) FR58-1,5- 0
(1E, 5E )-1, 5-dimethyl-8-
( propan-2-ylidene ) cyclodeca-
1,5-diene
60 - FEEEGIM a-calacorene 91 — 0.32+0.04 — — — — — —
61 3,7, 11-=IJE-1,6,10-1 96 — — 0.14£0.06 — — — — —
Joe = - 3-8
3, 7, ll-trimethyl-1, 6, 10-
dodecatrien-3-ol
62 RABAEAUEE trans-nerolidol 91 — — — — — 0.34+0.15 — —
63 (3E,7E)-4,8,12-= I £+ 68 0.47+0.14 — 0.14+0.03 — — 0.17+0.02 — —
=-1,3,7,11-P4J4
(3E,7E)-4,8,12-trimethyltrideca-
1,3,7,11-tetraene
MiiEZ Diterpenes
64 FEAZ-16-Ki Kaur-16-ene 98 — — 0.17+0.08 — — — — —
fi#3 Aldehydes
65 1ECL# Hexanal 90 — — — — 0.32+0.07 — — —
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Compound name Matching
F1 2 F3 F4 F5 F6 F7 F8

B2 Esters

66 ZFRHIE Methyl acetate 83 24.69+4.15  7.02£0.66  8.89+1.64  4.26£0.49  14.07£1.48 8.02:0.87 17.05:1.62  5.02+0.01

67  ZFRZTG Ethyl acetate 92 1.94+0.05 — — — — — — —

68  THERHIE Methyl butyrate 91 0.9+0.18 — — — — — — —

69  ZFRTTE Butyl acetate 83 — — — — 0.93+0.10 — — —

70 CERFER Methyl hexoate 9 1.5620.47 — — — — — — —

71 THERTTHE Butyl butyrate 80 — — — — — — — 0.28+0.01

72 LFRCTR Hexyl acetate 90 — — — — 2.33+0.44 — — —

73 C-40- 1L TG 90 — — — — 0.56+0.23 - - -
4-hexen-1-ol, acetate

74 BRI Ethyl caprate 9 5.56£1.01  4.25:0.53  2.08:032 26.14:0.76 10.51£0.42 3.53x0.43  1.88+0.14  7.36+0.82

75 KGERH TG Methyl salicylate 97 — — — — 0.72+0.10 — — —

76 HH:RRHFE Methyl laurate 97 — — — — — 0.13+0.09 — —

77 AHERIEHER Benzyl benzoate 97 — — — — — — 1.09+0.40 —

78 YA ERIEHER Benzyl tiglate 93 — — 0.28+0.08 — — 0.15+0.03 — —

79 -3- O R T R G 83 — — 0.330.05 — — — — —
cis-3-hexenyl benzoate

EZ2% Alcohols

80 I Methanol 9 10.85£1.26  3.29+0.70  3.85:1.77  19.7+1.85  5.07x1.64  238:1.53  521:0.58  8.07+0.94

81 1-CMf 1-hexanol 80 0.32+0.14 0212005  0.09:0.06  0.77+0.01  0.91x0.13 — — 0.24+0.04

82 JL-3-CA-1-E 95 0.57+0.26 — 0.06£0.01  0.43x0.27  0.3120.08 — 0.23£0.065  0.29+0.12
trans-3-hexen-1-ol

83 3-CLJ-1-B 3-Hexen-1-ol 97 — 1.6420.01 — — — 0.13+0.02 — —

84  ZEHIEE Benzyl alcohol 91 — — — — — — 0.14+0.03 —

85 LW Phenethyl alcohol 87 — — 0.08 — — 0.14+0.02  0.5%0.22 —

86 (2R,3R)-rel-1,4- -2, 3-
( 2;, 3R)-rel-1, 4-dibromo-2, 9 - o - - 0.03+0.10 - - -
3-butanediol

fflZE Ketones

87 Eﬁfﬁm one 9% — — 0.04+0.02 — — 0.03+0.01  0.11x0.02 —

88 ; : g-dlhlj;lro E‘iphfnmnone » - - - - - 0.2620.07 - -

8 é}i‘dﬁ%f nff;” 9 - - - - - 0.2+0.05 - -

90  FMHILHE Geranyl acetone 93 — 0.09£0.03  0.14x0.05 — — 0.72£0.10  0.36+0.13 —

B3 Ethers

91 “FHIfi Benzyl methyl ether 9 — — — — — 0.69+0.19 — —

92 4-FIHEHH i 4-methylanisole 97 — 0.68+0.10  1.6120.39 — — 1.35£0.46  1.3620.06 —

93 4Bk 4-allylanisole 9 — — — — — 0.18+0.06  0.27+0.04 —

E#ZE Phenols

94 TH Engenol 94 — 0.23+0.11 — — — 0.11x0.04  0.27+0.08 —

FERLEY Aromatics

95 ARNIAREAESE o-cymene 97 — — — — — — — 0.370.02

9% gi dlquthox%ﬂuene 923 — 0.52+0.12 — — — 0.57+0.10 — —
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Table 2 Types of volatile components of eight varieties of Phalaenopsis
94
Aoy F1 F2 F3 F4 F5 F6 F7 F8
Category
i} 2% Terpenes 14 26 15 5 9 15 9 24
2% Aldehydes — — — — 1 — — —
52 Esters 5 2 4 2 6 4 3 3
fiEJ Aleohols 3 3 4 3 4 3 4 3
2 Ketones — 1 2 — — 4 2 —
it 2% Ethers — 1 1 — — 3 2 —
1325 Phenols — 1 — — — 1 1 —
FEIGEAE Y Aromatics — 1 — _ _ 1 o 1
SR 91.45 88.65 98.14 90.94 67.48 98.55 97.03 86.65
Total relative content (% )
E: — MREREWHZEY R, TR,
Note: — means that the substance is not detected. The same below.
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Fig. 1 Relative contents of substance components of eight varieties of Phalaenopsis
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A. Principal component analysis; B. Cluster analysis.
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Fig. 2 Principal component analysis and cluster analysis
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Table 3 Main difference substances and aroma quality

of different Phalaenopsis varieties in blooming period

& ¢

&Y 2% o RUNTLS TRHA
C d Weighting A lit Odor t
ompound name coofficient roma quality dor type
-7 At A 68.725 RS I R o A
a-bergamotene Woody warm tea Woody
Ty 29.924 BT LA
Linalool Rose-like Floral
B-LL& I 23.131 N N
B-bisabolene Balsamic woody Woody
LT 23.051 L 3N S S i it
Ethyl caprate Alcoholic and fruity Fermented
B -3 21.902 7 A o A A 7
1,8-cineole Minty-like Minty
B-Fr At A 19.115
B-bergamotene
R 18.768 N SR AL
Sabinene Pine-like Woody
i 18.359 AR IS
Methanol Ethyl alcohol-like
(3E)-4,8-—HHFE-1, 14.015
3,7-=0
(3E) -4 ,8-dimethylnona-
1,3,7-triene
4= HY 2 H T 10.940 L VR A1
4-methylanisole Nutty-like Woody
L Byi 9.439 ki R
Ocimene Green Green
(-) Tk 8.835 LN GRS AR
(-) -a-pinene Pine-like Woody
LR R 6.844 KA KR
Hexyl acetate Fruity Fruity
-t LA 6.833 o PR A
a-copaene Spicy honey-like Woody
a-FEE I 6.737 IR w2 Y
a-curcumene Herbal Herbal

FE % 96 T4 A 1) S5 v il M 2 00 IO 8 K B AR
MR Z, S W R Y R A
(Hsiao et al., 2008) . &7 & bk A9 T2 AUAK 5E 4% Fh
FER W) AR A A A 32 2 el A B AR
R R Y RE . M 30555 (2021) A& B, #1052
8 A it Al 4 R P a3 ARIRE 5 R AUOR i Jo 22 5
LN K SIER D i AN U TR 2
PRI BR AN, A BIF 5T rp OB A T L A 3 P R -7
R . D7 BB AL T 2 Mo ) 0 35 & b 7e
SR E R ERTAC T T S A EE A, ARATTE K

L, TE I AE (Y 8 AW 2 SR b G 4 S e
st P AT A A2 Pl A B AR T 1 O R B O
(), f03% F1 F4 F5 Fl F8;F3 F6 I F7 A G 8155
FH a-F AR R E  F2 AR A MAETE, ket
T - T A Vi A | O A s A 1 ok [m) e fit TR E
FEPE AR A 7 110 75 A i B B A6 A o R AT A B
(A2 B Fh AR S S i — 20 A ROF R
AW K B HAT A [ A R 0 ) 0 22 387t A
R RIS 2 R 4T S R A 0 S
AR YVE N YRR EEM R
—  HIB B R, X 35 7 R (0 A S BT 58 3
AR EL R R AT AR (FLEESE,2012) o BT RS
PR NG 2 MR AR Z B E AR 5%
R, B B AR B 40 i, T RE R B R S
REBFGERAAEZFHEEFERZ —, WA, F
SRR Z ) 2 &R B 520, Q040 i 25 4 . P9 TR
YY) ) R e R DL R W R R i O 3K AR
20 L 25 # K 20 M PN 0 R e AR A ) o R R R
T, FERETICEN 20 B AR 1T, 48 A 1 I DA 45 RO X AE AE
TN, N IR B A% & 1 B filf ( EL-Sharkawy
et al., 2005) , A~ [F] 28 70 () 49 Jo 8 il ) 40 B A Y
T XA P A [, 46 7 W) o R 00 30 40 i A 1) 5% o 2R
P18 R 6 i & 4 4R ML B A 5 B 0 — B 4R 5T
Ji AR W S Rh BT R R R A A B
TR MR B AT AT T MR, b
BTN THEY NIRRT EME N
o B AL A ) B B & 42 (Jadaun et al., 2017)
XA W AE B AL A AR R L A
128 R Ay 1 TRl R 35 DL 1% F 5T, T UL A K
TR A R I LY LB S AP R
PRl L DBIr JHL A DA i i AR R AT R B A MR
MNTITHT 1 577 B AL 400 8 ol 000 o ol B i, Sy fie o
2EONTR] Bl AE T 0 22 AR M Al 0 S AR R ) R
B E 8 B R E bR B v R B B S
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