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HAR (HPLC-MS) X AEH B2 B2 )5 & s AT , T AD-FT WA BET Rkl e fE b 280 & bR MR 5
i, GEARRW AR E 2R LS N ERITN 24 A EHAEETT 2008 6 MER 5100 1 AR AR 2 hEER
10 TR LRI OR 8 AR R T 2 (3 3000 2R LHED ) 66 FhIS BTN 0T, (L5 6 AT K 47 AR
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Analysis on pigment composition of petals of several native Cymbidium Sw.
species

LIU Hong', WEI Xiao-yu', MA Hui', QU Hui*, SUN Ye'
(Linstitute of Agricultural Sciences of the Lixiahe District in Jiangsu Province, Yangzhou 225007, China; 2. Jiangsu Agricultural Technical Extension Station,
Nanjing 210019, China)

Abstract: In order to study the pigment composition characteristics of orchid petals and the relationship with flower color, 24
orchid species with different flower colors were used as the materials. RHSCC colorimetric method and colorimeter (CS-380A) were

used to measure the flower color phenotype, high performance liquid chromatography-mass spectrometry ( HPLC-MS) was used to

7S H 88 .2022-08-05 measure the flavonoids composition and content, and

ESTE . IT 5 B Al 72l 5 AR i 22 % 15 4 T 52 40 T H [ JATS ultraviolet-visible spectrophotometer was used to determine the
(2022)266 ] ; 7175 BL R 0] #b XA MV Bl245F 58 BT BT -4 33 contents of carotenoids and chlorophyll. The results showed that
HATE[SI(21)302] 5 11358 ARl 5 B8R G475 1 the 24 materials could be divided into six color series by RH-
HIF-575H (JSGB2018-1) 52021 4F45 J Al BHE AT
HEP A BT E [ 34 (2022)29 %5 ]

SCC, including one brown, two purple, ten red-purple, one

gray-orange, eight yellow-green and two yellow. A total of 66

fEZEE ST XI 20(1986-) , 2, MIRILOE A Bl By BRET L b,
T A S A 7R A 7 O B A TS flavonoids were identified, including six anthocyanins, 47 flavo-

, pLzs H - . Lo
(F-mail ) liuhong_ivy@ 126.com nols, seven flavonoids and six flavanones. Anthocyanins were

BIFIEE PN, (E-mail) sunye9999@ 126.com detected in 16 materials, including cyanidin and peonidin, and
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cyanidin was the main type, which suggested that the formation of flower color was involved in the branch of cyanidin synthesis in

ABP pathway. Flavonols and flavone were detected in 24 materials, the flavanone was detected in 20 materials, flavonol content was

the highest of all, quercetin, kaempferol and isorhamnetin were widely existed, and quercetin was the main type. In addition, 40 fla-

vonoids detected in this study were first reported in orchids, and 28 of them were newly discovered. Myricetin, syringetin and naringin

were found in orchid petals for the first time in this study, which enriched our understanding of the components of pigment in orchid

flowers. Carotenoid and chlorophyll were detected in all the samples. The carotenoid levels in the outer petals of the yellow-green se-

ries were generally higher than those in the red series, and the chlorophyll content in the green petals was higher. Correlation analysis

showed that lightness (L"), blue-yellowness (b" ) and saturation (C) were significantly negatively correlated with anthocyanin con-

tent, and red-greenness (a”* ) was significantly negatively correlated with chlorophyll content. It is speculated that the color of Cym-

bidium Sw. petals is mainly determined by anthocyanin and chlorophyll. Identification of its components and analysis of the pigment

composition characteristics in different flower color series can provide a basis for analyzing the molecular mechanism of pigment of or-

chid petals, and provide a theoretical basis for the breeding of new varieties.
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22 J& ( Cymbidium Sw.) f& *2F} ( Orchidaceae ) T
W —ANm , 22w A ) 22 O B 2B B AR B 5 DL )R
Az, 200 A TR E B R PENE EREEAE R AERR
FEHEL, LR ER A Peiiblx , 4
JRLIAT 48 AFh, i E A AT 29 B, Hir AR 22 Fh 2k
4 % ( Cymbidium georingii ) 2 % ( Cymbidium fa-
beri) \# % ( Cymbidium ensifolium) 58 % ( Cymbidium
sinense) \F& % ( Cymbidium kanran) F&8|( Cymbidium
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22 AR AR — R RIEE = AA T
bk B AL SRS, I HAE P R 7 XA 5 0T
PN XIS I PN R N A e T i
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OFRA I s AL (O R AL
B R MR MR ALY IR, Horh
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ERGE FER R AR A ARG, Kin

Cymbidium Sw. ; flavonoid; anthocyanidin; carotenoid; chlorophyll; flower color
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K, WHRMIRAEOR, AL R O R,
TRMET R R PR KLEHER R
AR M ORNERESR 6 KK HPR G4
XIEREMAORA0 AHOR ERERAOE
S AETF R Rl T (b SO L #R RE 5 |
B, FET 2B T AL BEEEAL Rl 20 @
PRI R R A B E A | B e A | 7 2K I
SELH R, R AT 2R B R R B A, A S IR B
@ e R AR ST R ILE RS S51E
IPE AR U

LA, A Ahxt 2= BHE Y AE (R BT 5T 2
TR, S %ot 24 A I 00 AL 5 2354 ) 24 B
T —E L TE AT A2 RS 3002 ORAE
2 B MR R FE ST R T
MIDEWZE > G TAR 22 B 22 R 22 55 22 R Al
WAL G A WF 5 i R DA, A BIF 5 0L i
- K FH AR XS 24 R[] 4 2 (9 =2 KA
2 RO R 2R S M A5 22w AL AE (5 3R oy 2R AT o3
A, DI 22 e A A6 8 L BT 52 85 5 At ,
AT AL AL T R R E A S 5K,

IR ik

1.1 MR RE

S0 24 i MHRH(ER 1B 1) BOA VLR BRI
Hiu DAV B2 AIF 5T BT A6 T TR A A 2 46 o 5 0% U I
135 8 INELMELH(A~H) 4 B2 HF(1~L) 4
AEIEE A (M~P) 4 D RIEE =R F (Q~T) &
4 NF LG RAGE L7258/ (U~X) .
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Table 1 24 cultivars of Cymbidium Sw. e SN, A BUSAEIA RSN, AL 1 1R B
B R4 4 W it FHHAEAR MR T 63 BT, AR CHEL A it
P r— P BESE —SUE AR GE SR £ 22) (NY/T
B wh s 2437-2013) i iR AEARFI AL (0, HURE IR eI/
P, e e KB ECEG B0 3 B 3 KA,
D B s SR RO PR SRR A6 2 TP HUT , # BEOR [R AL EURE  in
E - KE = S VRERE WIS OB A A7 T80 “C kAR T .
Fooad = VIS I ) 1.2 AFEMEEE
C BHE = Sl ks OISR, W A 1L i SR By A BR A
H o Ji = S Rk H B PEE  H EIE IR AR A F 4
1w B S G TR MG W RS e % g b ey A R F
U LN = Sl ke - KA I & (L @) 0 H R R YR
K &A%t = (L ABRA T ;% H 3 R -3-0- M a M bR 18 A it
LA B2 Pl ARG PUAE I BB L 25 A7 FR A |, SHRE IR 95% LA b 2/ 1
woER T R s B, W A TR A T R RS B, 40 3
Now e 06% LA L 185 25 bRt W 1 - 0 44 58 3
0 WhEE RS e LAPABRA A SIS 959 LA I
PR e CS-580A 40 ICH €13, W F1BEI 2 5 B AT B
O VML MR o mae /A s Sartorius 4} H7 K F- (B BSA124S ), g [ 3
N e S PIRTRRECR (CILs50) 4T FRZ 7 TOL- 16M ¥ U B
e e, L, Wy F L 55 OS5 LA 38 7 B2 715 UV-
. o o 6000 25 4h-1] WLy 66 BE I, W B L oA AR A
vome R SRR R A BR/A 7] ; Agilent 1200-6460 W 2 [ 251 R
VOIS RESREEAGH A RTE s Agllen QQQ. I FI AL SR 1
W FH-19 e e . FHABRZ A LCQ Deca XP MAX & J5 Bk FH €4 13513,
XOFHI0 AL R R W AR A IR A A

R A~X IR 1,
B1 24 HBSR=ZEMH
Fig.1 24 cultivars of Cymbidium Sw.
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1.3 =W iEaRIENETE

XL R (BRI 5t ) AL WL K& siik
W R B AT HE A I T AR AL (R A
g, SHRRLERE Mk, R RHCSS (9
BRELFLSWOR)F CIE L o™ b" Bl RSN
TEOTATENE BOPAIAR . L FRos R A b A
MOCHEE) ) 100( F @) 50" (b " HIEMER, UKL
o e, e b7 A TAER, ARG WA C TR
IR A, EAH A (h) TR,

1.4 KAWL

FEIE R I B ) 4 B S FR 2 5 e 1) 1 T
HEAT, ER LB FRE 0. 1 ¢ BRI KB T 2
ml ELOE N, ML 5 ml &4 0. 19% H R 1Y HY BE i
WHRY 7 4 CUKFH N 24 h, 5% 6 h IR 1
WL AR TS T1 000 t/min 0> 10 min, B [
JEit 0,22 wm BERR, 5 BIREMVE , A4 U
T3 ER,

ZEWIR A E PR BT A LCQ Deca XP MAX ¥
JHE €835 1 ( HPLC-ESI-MS" ) #£47, f8. 1541 & TSK
gel ODS-80Ts QA (250.0 mmx 4.6 mm, Tosoh, H
AR o FURESAE SR A LSS B T4k (ESD) ik, =
U R B T R AT A, 42T T L 50~
2 000 m/z; 467 R H HCERBEH 2R OE U
(ND) R, B4 HL R A4 000 V, 5548 K
K 35 Pa, TSR (N,) HLEE R 300 °C, iR 10
L/min,

H A Y E T Agilent 1200-6460 QQQ
1) e RO A €57 - — A4S P 91 4G ( HPLC-DAD )
PEAT AL AL TRAR (TCC-1260) Aot i A A B 51 A
%5 (DDA-1260) , W AH 35 554 s AH R 0. 1%
KW (A) (I (B) o BEBFRIT L 2. ik
A Agilent Edipse plus C 4 (150.0 mmx4. 6 mm, 5
pm, FEE) KRN 35 C, #EREE R 10 pl, LA
0.8 ml/min, K I 4 4 515 nm (£ H E 1) L350
nm ( BFEERAREL ) , 76 P K H200~ 800 nm B X 4341
W A T A PR

AEIE 25 28 T8 A 2 3 1) R 2 4 TR FH MR 2%
VR 4G F-3-0- R A AT | 25 B AR e i 4 A 1
TA 0. 1% PRI P BT e TR B0, 05 ~
100. 00 wg/mlAYARIAESh TAEW W, 43 LATE 515 nm
F1350 nm AL E AW BE AR AL A () DA BT R VR
FERPAERR (V) 45 3 R 4255 31 -3-0- 1 % WF 1 AH ¢

) A HE fh 28 5 B2 Y= 0.103 3x+ 3.061 0, R*=
0.999 3, 2% & 1 #H 3¢ 1 br E #h &k 7 R, Y=
0.402 8x+0.099 4,R*=0.999 5, I8 #4546
HERT O E (XN TR ELSER-3-0-HH T 05
i) AERSTEGEN TEF TS E) BN
AN A e/ g, AR 3 IR,

F2 RHMAMERER

Table 2 Elution procedure of mobile phase

IF ] ( min) A A (%) s B (%)
0 93 7
50 80 20
60 93 7

1.5 EPERNZRMHEZSENNE

ZHRHWTAE T AT S N R AR
RS HP-RT WA EE I A % 3= A,
FEPA N 450 nm, A 3K, SRR &7
AT SR SR IE 1R 3K,
1.6 HIESH

FH MassHunter Workstation Software ( Version B.
06.00) Fil Chemdraw Ultra %K {4 X 1€ (0 B 43 #E 47 43
B, il Excel 2016 SEAT80E 4881, 4] IBM SPSS Statis-
tics 22 #XfF Duncan’ s AT LR TR0 2 5 10
EPESYHT, F Origin 2021 KPR il 46 € 1 — 48 =
AT, 4T FE R 5387, 1 GraphPad Prism 6 %3
HIFEIE A

2 ER 5550

21 HBRESW

ZIEMYAEER, N TR AR 6 R
(2 (6,25 5 43 W] RHCSS (CIE L™ a” b" Fifa 255
Xf 22 JRAH ) A R T 8 M S BCT AR RE R 1 IR
3. ME RHCSS P 4R AR, Sk 22 18 a1 il 43y 6 Ff
BRI OER KOR AEOR KIBOR,
HORMBROR,

FCIE L™ a™ b WA IR R i Ak 22 AR A6 40 1 45 33
FebR, L b (LT AR, L HUR TR R 244
SRR AE I A =GRS AT LE R
R R s R g S 4R E
T P A LI A e X S L oo et £ <
TH(E2),
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Table 3 Color parameters of 24 Cymbidium Sw. samples

CIEL a™b"
B S R AR

a” b* C h(°)
A & N79 24.27 3.53 1.32 3.77 0.14
B g N77B 47.88 10.87 4.77 11.88 0.19
C EA 72A 37.39 4.63 13.71 16.83 1.47
D a8+ 58A 29.27 5.61 4.44 7.17 0.58
E e 146A 41.04 -5.15 19.35 20.03 1.50
F gk 151A 58.47 0.79 46.76 46.77 1.57
G e 144A 46.11 -6.20 23.06 23.88 1.50
H gt 146C 50.41 -5.92 29.32 29.92 1.53
I (Fa) 200A 25.60 3.63 1.26 3.85 0.13
J A 68B 54.68 13.08 8.60 15.67 0.41
K Bk 151A 44.48 -4.92 22.24 22.79 1.52
L Lk N144A 56.54 -2.20 38.11 38.18 1.57
M A% 61A 45.69 11.40 5.77 12.79 0.25
N A%+ 73C 32.59 7.05 17.04 18.45 1.39
0 R 163B 43.99 -2.40 27.64 27.74 1.56
p Gits 146C 59.59 -1.15 23.00 23.04 1.57
Q % 59A 31.01 19.73 6.34 20.75 0.11
R a8 70B 38.82 21.25 1.30 21.33 0.01
S H A, 11A 59.36 11.33 47.23 48.58 1.51
T e 151A 56.19 -3.45 42.70 42.84 1.57
U A%+ 63A 32.19 24.46 12.82 27.68 0.27
% [ 63C 43.49 16.47 27.81 32.42 1.23
w A%< 62C 60.68 9.45 36.25 37.48 1.50
X H {1, 3B 59.34 1.91 42.02 42.08 1.57

e WAk 1, LY HIOR IR AR R OCR () ~100( () ;2 o™ (b " MIEEN, /BR800 o b HHEN, 5351
RFEGE W6 C. ORME b M, T TFRREH,

65 B
50~
A * v 60
. v 55
40}
* A 50
1y 45
30+ N
" * A 40
o o 35
20
* R 30
A
1ok . 25
a é A 20 50
0 | | a | | LA ) 5
<10 -5 0 5 10 15 20 25 a 1 20—710 x

miR(h; @ B, aZL BN, w (L @ BILR(L; + KB

Aca™ b Y53 AiE ;B a® b H LY B =4 A,

2 UBEEMBIERERN % ZHESHER (B RH RHSCC EHE)

Fig.2 Flower color distribution of 24 Cymbidium Sw. cultivars in coordinate systems of bivariate and trivariate, respectively ( The flower
colors were identified by the RHSCC value)

WA 3 PR, SR LR L7 i, (P<0.05) s ORI O R AN L7 250 A K,
559,35, BF T HAB O R 2 (P<0.05) ; ok HAEFEEE X, 250K 2HENFY o h
NEEROR AL, P LT O 55.30; L7 SR 9% 13,96, B m T HABE R 2 4E(P<0. 05) s HUCH %
ORZAE AN 25.60, SHABE R 2 AEM2E T B QR2E, MEKOR KEGOR 2LV o 7
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BA-1.87 ,-2. 40, RA BRI —ERER SO,
WOR AN b e, ik 44,62, 0" S AR MR (G
R AN 1,26, S B RLMH) b Y IEME R
RRFEE R E, ¢ 50" EIERER LA, (A AH A
(h) MR NGO R EORIIKEOR AR

THOAR EOERMAEOR =L, LRI,
S0 LR BRI B A AEAE CIE L™ o™ b " 25 [H]
H b T P 2160 1) 5 (0 3 A DX R 17 B Ak 2R TR
B R AGAL T F €5 ) 25 €00 0 1) X3

80F o 20
L ab
60 a a 15
Jm b b s 10f b c
L40r S
¢ 5F be ﬂ ﬁ
20F 0 [ ]
=g
0%t 20 4% K@ BAE K s g % W B% KK
el b fh B
S0rc a 501 a 2.0 g
40r ab 40r ab sk e
am 30F b .y 30F be
BN [S) ¢ = Lo b
20 . 20
L | d 0.5-
10 L4 ﬂ 10r 4 ﬁ ¢ e
ob=C"1 oL 1 [
bt 200 4188 #f EaE KIE b, S0 2155 Tfh Hhst KRS B, 8500 2135 Tfh BEat KR
h o o, fh fh t, o, fh
gt gt e,

A;L*{E;B;a* {E;C;b* {E;D:C{E;E:h{ﬁo
B3 AEeRZEEAVEZEREMNCIEL a"b" &
Fig.3 CIE L"a”b" values in flowers of Cymbidium Sw.

2.2 EEEABBS S

JE VR A 119 55 0 B TR B8 B[] SR A mT DL I i
TE (A, ) RRIE T EE 20T 2 W AT A5 i
WS R PRI 4, 78 520 nm P K I 2] 6
FPAET AT, B 4A SHIEE R 1R85 F & 1 o
K& SRR TE 520 nm FREIELSER 78 350 nm T
LRGN 2 47 FhEEREE T 7 FhEER 6 Fh i L
Je 4 TR E LAY, I 4B o T BA MR 2
MR (1) B £ i 2
221 feFEFH  AMSEILEINE] 2 FEE E o,
Hrplé al (a2 a3 I a5 B 2L Bifmr L (m/z) Ky 287 HURE
BT, WK G5 Z A 70 ( Cyanidin, Cy ) FURFIERE F S
TF(3R4), WENOT , P CE AT E T
553 iRk b2 e 2 AN LA AR AT R REAESS 3
PERIEB AR 3 00 20 5 sk B I al
T BT ([M+H] ) B m/z 19 449, AR G4 R T
BITAE 1 o3 FRREEL (AR By 162) 158,
SR AAHE 3-0-HEIMHBRES—30, BRI al %

FE N R 4G 2 3-0-4 % 5 1T ( Cyanidin 3-0- gluco-
side) 1 W a2 Cy HIC(m/z H 287) FiERET 24
BERE CRX 31 Bt 4310 162,146) \MS* BTk H Ak
WREEE m/z g 449 WA BT ([ M+H-1461") , T
WL m/z 7y 433 RIBE BT~ ([M+H-162]7) ,3:H] Cy
SRR 1 RSO ALY, 308 SRy 2E E HEET A ARAE
L, IRIHORAIE a2 SE7E N R DA R 3-0- =M (Cy-
anidin 3-O-rutinoside ) L0121 ik a3 B 1 m/z 2
h 757 R SCHR 13 ) RFI6 a3 2852 R A R-3-0-%
T -5-0- 4% M1 ( Cyanidin 3-O-rutinoside-5-0-glu-
coside) , W aS5[ M+H " XF I 1) m/z Ay 535, 4806 al 34
Jin 86( TN —WERL) , PR HAE E N R A4 3K 3-0-IN
1k % % B T ( Cyanidin 3-O-malonylglucoside ) "'
% ad a6 ALY P e R BT m/z M 301, AT R
JC( Peonidin, Pn) FAFAERE B ARAE T A RY4RGE , 73
BIPRHEE ad a6 HEENATIER 3-0- 2 WE T (Peonidin
3-O-rutinoside ) Aj2G4EZR 3-0-T7 B 26 B ( Peoni-
din 3-0- malonylglucoside )™’
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Table 4 HPLC-MS analysis and structure elucidation of flavonoids in flowers of 24 Cymbidium Sw. samples

Lhhn] ¥ I .
e S o (wae SEERES) SR Kol i
7 (min)  WOGE ML (m/s) = TR
(nm)  (m/2) e
al RGHGHE 3-0-F%TE 1440 282,515 449 287 brifiedin 5 3Gk 8] [19] AB.C.D.E.IJMN.0.Q,
UVv.w
a2 REHE 3-0-EFWT 1680 275,520 595 449,287 SCHR[10] [ 12] AB.C.D.EHI.J.MN,
0.Q.R.UV.W
a3 KEHER 3-0-ZEFWET-5-0- 5T 2100 288,515 757 611,449,287  SCHR[13] BEIJ
ad ATPIER 3-0-ZEFWHT 28 295,50 609 463,301 SCHR[12] ABEUW
a5 RIE 3-0-TN _BAamT 2650 281,518 535 287 k[ 12] [ 16] AB.C.D.EHIJ.MN,
0.Q.R.UV.W
a6 AJZEEE 3-0-N Bz 328 295,520 549 301 SCHR[12] ABEJU
1 THE 3-0-IN BRI 408 218,310 595 347 CDF
0 T 3-O- B 425 232,310 579 347 ACDFIJLMNQOP,
Q.RS.T.UV.WX
3 BXFEE T-0-25H0 565 275,320 609 301 k[ 32] C.DFIJLMNOPQ,
RS.T.UV.WX
4 ZE TS 3-0- MY 610 220,300 511 349 AFIJLMNOPOQR,
ST.UV.WX
5 TETHE 3-0-FAE 725 226,300 643 349 AD.EF.GIMN. 0P,
Q.RS.T.UV.WX
f6 MR 7-0-HkMHT 780 268,330 435 273 Massbank %04 % (&4 C.E.F.G.HI J.K.L.M.N,
3 PR306370) P.Q
7 R 7-0- 2580 930 270,340 581 273 Massbank ¥4 22 (592 1J L
. PR302552)
8 MR 3-0-N —HElEFLIH 10.17 240,315 567 319 N.0.Q.RS.T.UV.WX
0 R 3-0-T9 Bz 1078 235,315 567 319 0.Q.T.U
10 4252 7-0- BRI A 11.05 270,350 639 301 FN
f1Il =R THFSATEY 1155 225,285 349 LPp.T
fl2 & THESNAEY 1203 268,340 349 FHIJ.LQS.UVX
13 1L 3-0-FATRH 1317 285,350 581 449,287 SCHR[27] N
14 11125 3-0-FUpT 14.01 270,335 449 287 SCHR[25] IJKLQSUVX
15 11IZSH) 3-0-HAahT 1520 270,345 449 287 SCHR[10].[19],[25] B.C.E.F.G.HIJL.Q.S,
T.UYV
16 W& 3-0- 2575 15.74 270,350 627 319 FIlJ.L
17 AR 3-0-BEFAmE AR 1640 270,345 595 419,319 ABCDEFGHIJK,
LMN.P.Q.UV.X
f18 A 3-0- BAWH-7-0- RAhHY 1751 270,350 611 465,319 IJL
19 Mz 3-0-7%0E-7-0- N " BG40 1840 270,350 713 551,465,303 CEFGIPUV.WX
+
020 HAFRITEY 1952 265,350 629 319 CFIJLOPQRWX
021 HFE 3-0-BEFmE AT 2041 270,350 581 319 AFIJKLNPQUV,
WX
22 (A% 3-0- 8- 7-O- AT 2130 265,355 757 611,449,287  SCHR[9] E.F.G.HIMNQ.UVX
23 ARz 7-0-F AL B2 21.56 270,350 595 419,273 BDEFHIJKLPT
24 FFHE 7-0-IN —BERRT 201 232,310 519 271 Massbank # % (%92 1.J.L.N.S.\V
5 ; PNO00048)
25 RNy 0.8 270,360 694 319 %
26 Wt 3-0- B ETHREFLRHT 2355 270,310 633 319 SCHR[ 18] DMPV
27 R 3-0-1% & TR 23.83 270,350 633 319 G
028 il 7-0- Rap 2421 270,310 418 273 N.Q.T
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£3R4  Continued4

/I = N )
e e O it R ey e Kot
(m)  (m/2) (m/2)

029 MgRITEY) 2457 270,350 647 535,319 B.V

130 AR 3-0-FFUH-7-0-Hik 2525 270,340 643 481,319 BFIJKLPYV

31 1A 3-0- - 7-0-Fika 2599 268,355 611 449,287 SCHK[9].[29] AFGLPVX

32 HitpeE 3-0-2 13- 7-0- AT 2670 270,355 627 303 R 29] AFGIPUWX

33 RHAG 2739 270,340 532 499,379 B.L

134 B 3-0-HikiHl 7-0- MBI 2780 20,340 627 303 SCHR[9] [29] N.O.Q RS T.UV.WX

135 Mz & 3-0-% & PR 2876 245,310 617 303 SCHR[27] 0QRSTU

36 Al E 7-0-FIEREA R 2998 246,305 611 435,273 ABFPVX

137 Mtz 3-0-FlRERUhE 31.85 260,350 612 303 B

38 GXERERITEY) 3235 265,35 611 449,301 L.Q.R.T

139 MR 3-O-Hikit-7-O- i T 3303 270,350 o4 319 K.L.N

40 Wi % 3-0- 5Tt BOBEY 3347 258,355 611 465,303 ABDEFGHIJMN,
O.P.Q.RS.T.UVWX

41 TR (MR 3-0-25/ W) 472 257,355 611 303 TRt AB.CDEFGHIJK,
LOPOQRSTUVWX

42 FERER T-0-BHT 3566 270,310 595 433,271 CIMNPYV

43 (258 3-0-JIE U 3606 265,370 595 287 k[ 12] .[29] B.D.EIJ.0.Q.R.S.T.U,
VW

44 BRI 3651 240,290 631 595,319 R

45 (28 3-0- 2570 3836 268,330 595 449 287 k[ 12] .[29] AB.D.EF.GHIJK.L,
M.\N.O.P.Q.R.S\UV. W,

46 Mt 3-0- 9 REsIAINIT 4051 268355 551 303 SCHRT 16] i‘B\C\D‘E\F\G\H‘I‘J‘K\
LM.0.P.Q.R.S\UV.W,
X

47 2RI ER 7-0- AN 41.76 265,350 595 433,301 ABCDEFGHIJK,
LM, 0P RTVWX

48 AR E T-O-WET 04T 265,350 625 433,301 Masshank %44 % (%&ic A.B.C.I.L,0.T.U W X

*5:PN000073)

49 At 3-0-FFUBHT 271 270,350 481 319 ]

50 SHERZEZE 3-0-HIREXUE 4301 260,350 626 317 SCHR[12] B.Q

51 AR 3-0-F%H 45325 265,350 481 319 SCHR[25] I1JKLOQ.RUVWX

52 SR 3-0- 25T 439 260,355 625 317 Sck[10].[12].[16]  AB.D.F.G.I.L.OPQ.R,
ST.UV.WX

53 Mtti 3-0-CpHT 466 255,355 481 319 CIJLN

54 KIS 4537 270,360 77 541,477 S X

155 WHERATEY) 4653 270,350 543 439,319 1J.K.L.Q

56 MHERATEY) 4680 270,385 525 319 ILQUX

57 MBRMEY) 4879 270,310 702 571,319 O.R.UX

58 SFEZEE 3-0-N " BATATRT 4926 268,350 566 479,317 CHR[16] ABDFGIJKLMN,
R.V.W

59 R 7-0-WikHT 5030 268,340 597 273 CJIJ.LPQR.V

60 HttizR 3-0-BEHAmE A MY 5142 270,350 581 319 B

fol It 3-0-F AR 5193 270,360 613 481,319 ABJLX

f62 ARHBGT 5301 270,380 595 475,433 I

63 WiE 3-0-BEHABEC AT 5372 210,355 581 319 T

fo4 ARAMSY 5430 603 475,425 0

Fedh A~X WL 1,
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A KESAL R 515 nm AAET RAF 10 R S50R A 525 5 5 B . TR 58 350 nm AL B R 1) (R AU AH (03 25

25
20
15
10

M i (B (mAU)

Ff 8] (min)
o al~ab JrHIAREHER 3-0-4%4

BEH R 3-0-EF N KRR 3-0-ZF W -5-0- W WE T ATEAER 3-0-5F W KRR 3-0- B AW AT 3-

O-T BRI AT BEFT 5 £1 ~ 64 43 B A M AE B 2 WK 4,

E 4 7515 nm #1350 nm AMNBW=BH#REPLEMLSWHREREER
Fig.4 HPLC results of flavonoids in flowers of Cymbidium Sw. samples detected at 515 nm and 350 nm

222 ®EWRE FUESHATR BN, A 6 Fh TR
BETF U 1 7RIS AT 20 0l 2 m/z O 287 1Y
L2 1 ( Kaempferol, Km ) , m/z N 303 M 2 &
(Quercetin, Qu) .m/z K 317 )57 R4 2 (Isorhamne-
tin,Is) \m/z 2 319 T ER (Myricetin, My) \m/z
A1 347 B9T A 55 (Syringetin, Sy) .m/z K 349 [ A
T # %= ( Dihydrosyringetin, DHS)

SrF B £1 18 9 46 il £58 3L K 86,
162 [ARXT G5 7 B i, 7 2E m/z iy 347 319,319,303
1317 IR HICE T 86 &N _BERFEFfm L,
162 [ARXS 73 B R/ 1 43755k, AR 4l A-
bad-Garcia 55 (R T8 4 A HE 2 B R UL SO,
UNg2FZ U SRR AR | B[R % 0 o 4 W T 1R
1 H EhE SRBEFIE U R f D UL, DRI 0 11
R T H 5 3-0-9 1 % B 1 ( Syringetin 3-0-malo-
nylglucoside ) ;U £8 F1 £9 1) B3 {7 B AH[F], BN [A] 53
SRR, H T S AR () 0 7 HE AN [ A W ] 2 LA
AT RIARTT VR 2, DR A 0 £8 69 4351 K
tEE 3-0-8 k2 FUME T ( Myricetin 3-0O-malonyl-
galactoside) #HEE 3-0-N 1t % 1 ( Myricetin
3-0-malonylglucoside) , %5 %5 & K SCHR 4R E
HEDIE (46 158 33 R 2 38 3-0-T8 — [t 25
(Quercetin 3-O-malonylglucoside) 5 fRAEZK 3-0-T .
P45 2 B8 (Isorhamnetin 3-O-malonylglucoside ) "'

U £2 [ M+H ] "7E m/z 24 579 Ab 2% 232 A AHXT
AP P m/z R 34T R TS 232
T FATGE R AT 1 1 RP OE AT LU ( B 3T A9 4R AR 5T
A5 L 100 , BTHEAFEH A 4REAE SR L 132) , Ak
WM 0 2 8 T 5= 3-0-35% B BB A0 (Sy-
ringetin 3-0-succinylarabinoside) , % 21 160 163 5

2 A BEAT o AR 0L, ELJSC 5 SR R, 8 21,60 |
f63 TR [F] 3 AR, & 22k 262 RYRINS 4 1 B A,
BRI 1 701 BREAME (AHR 70 B it o 100) #1143
TN (R X2 7 R 162) 77 42 m/z 2 319
MRE R HOTE -, ARG BIR A g 2R e g 21
£60 .£63 435 J it 2 3-0-BEHAMEF FLHE T ( Myrice-
tin 3-O-succinylgalactoside ) #HE 3-0-3% ¥ 75 %4
B ( Myricetin 3-0-succinylglucoside ) 712 3-0-
BEFAME C O ( Myricetin 3-0-succinylhexose )

W f4 53 B 1 ([M+H]") B m/z 2y 511, 22K
162 FYARRS 73T Bk, 72 m/z fy 349 BT 1708
F,347 Jy Sy BUFFET Ay b, AR A T A HRAE 349 S
AT EFM m/z 2 HIR I 4 8w AT &5
3-0-#i) % B 11 ( Dihydrosyringetin 3-O-glucoside ) , 1%
£14 £15 H[R 53 AL 14 i £49 51 A £53 By [ 53
SRR LS AT o S0 (4 L 2 BT 1 3TN
T CHEXT 207 Bk 162) , 45 A AH S 25 Sk, #E
WU £14 £15 5331258 3-0-FFLBE T ( Kaempferol
3-0-galactoside ) ") 11125 W} 3-0- 2 W ( Kaempfer-
ol 3-0-glucoside ) """ ik 49 151 F1 £53 43 5] Jy 4%
M2 3-0-FF LM (Myricetin 3-0-galactoside ) 2! ¥
M§ & 3-0-H%HEH ( Myricetin 3-0-glucoside ) ! Fl%
M2 3-0-C B ( Myricetin 3-0-hexose) ,

W £5 £13 Fl f61 435152 m/z 9 349 287 319 11y
HOUES 7455 MRS 3 T B O 294 B9BURE (294 2
FATRERHEBUR LL™ ) eI 5 13 FI fo1 43
WA AT HF S 3-0-F45 XU ( Dihydrosyringetin 3-
O-sambubioside ) . L1 25 1 3-0-& 4 XUB# ( Kaempferol
3-0-sambubioside ) F1#7 #§ & 3-0-ZF 43 XU ( Myrice-
tin 3-0-sambubioside ) , W5 £11 12 = FURG I 3] 5 far
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Lbh 349 HYRE R OCE -, RIEN oy A T A
A4 W) ( Dihydrosyringetin derivative) .

W A1 FRVROAF €0 1% f P N 1) B SBT3 AL 5 A e
Az A A ), U HE DU 0 f41 O 7 I (Ru-
tin) 10 £37 £40 I BTHE BA T B1EE
HZH I £41 N [R) o Al A, W £40 HICHY Qu Fi%
e 7 2 AWEEL, 430 1 J3 1 B (AHOR 01 o
R 146) F1 1 43T OB (FEXT T BUE A 162) 76 MS?
P s Borb, RRE MR m/z g 465 BYTE R B T
([M+H-146]") , M BcA LR m/z Oy 449 [HE A
F([M+H-162]") , % Qu # 1 A OUpMEH 1k,
F m/z g 465 [FE T ([ M+H-146]") (-E /N T m/z
H 303 BIREFT ([ Y,, M + H - (146+162) 1), FHI
WZONUE 2L 1—2 BRIy 0 0 I A
otz F-3-FR - (1—2) -7 % H% [ Quercetin 3-0-
rhamnopyranosyl-( 1—2 ) -glucopyranoside | , Bl jz &
3-0-#1 ¥ K2 517 ( Quercetin 3-O-neohesperidoside ) ],
JIAE U ( Robinoside ) [ Rhamnopyranosyl-( 1—6) -ga-
lactopyranoside ] 5 2 7 # 11 [ Rhamnopyranosyl-( 1—
6) -glucopyranoside ] 28y [i] 43 A 4, H S EAT 3% #2
FRIFITF T, VR O P EF U I 8] 450 25 A A . AR
O JZH 46 143 5 (458220 £50 5 15201012180 AT
HEM 0% £37 SR #ft B2 E 3-0-3 R XUBE ( Quercetin 3-0-
robinoside) , I £16 FYBTIEAR B 5 b 3& AR, (2
TElR) oAb A SR A R 3-0-Z 3 BE A (Myr-
icetin 3-O-rutinoside ) ,

W £17 S-FES T ([M+H]") 1 m/z 2978 595, %
KT Gy F R T IR (AR 7 B & Ry 176) T 1
S YL R 0t o 100) , 75 m/z 2 319
AR H TR T I HC R 3-0-BRFAMEH 40k
PR ( Myricetin 3-0-succinylglucuronide) ,

I £18 £30,£31 £32 £34 Fl £39 1Y 1% 47 4 AH
{3 7 o R S U5 K Q) s < ) = D R B S
BT ARG Y h B A BN TR, el R
KRR 3 BRAL S Bk AL, BB | -3
JHEAE 3 BRAE T BR AL, TR | B d B A A AE T
A U £18 HEEEK 2 4T AT (HIXT 4
TR 146) J5 774 m/z 9 319 I R ICE T,
M R 3-0- B Z20E-7-0- B2 (Myrice-
tin 3-0-rhamnoside-7-O-rhamnoside) . HEE A W5
ZEIL eI £31 632 5505 £34 5351 1L B 3-0-7
% Wi-7-0-% %4 B 4T ( Kaempferol 3-0-glucoside-7-0-

glucoside) Mt 3-0-2FFLHE-7-0-4 ZHE T (Quer-
cetin 3-0- galactoside-7-0-glucoside ) Fll#fi} iz & 3-0-
2 -7-0-% % BEH ( Quercetin 3-0-glucoside-7-0-
glucoside) " | 1 £30 51§ 139 Y R IE AT N —3K,
HoARS AR, H 50 £32 134 AL, 40 i 30
50 £39 43 5 At R 3-0-2F FLE-7-0-40 %8 1
( Myricetin 3-0-galactoside-7-0-glucoside ) Fl14% 1§ %
3-0-Fj %5 B¥-7-0-75 % B 15 ( Myricetin 3-0-glucoside-
7-0-glucoside)

W £19 UG £22 B TR AT R 3l R R o018 1
S TR BB 5 7 AR TR, g
22 5125 3-0-Z4E-7-0-15 % W5 11 ( Kaempferol
3-0-rutinoside-7-0-glucoside ) ) i 3% 15 B — 3%,
() B HEDUIEE £19 4 B2 3R 3-0-7H) 4 B -7-0-9 1t
HI T ( Quercetin 3-0-glucoside-7-0- malonyl-glu-
coside) .

W £26 516 £27 1A £ SRR K40 £ A AT S
G5 126 SR 3-0-T0E T LR LR (Myr-
icetin 3-0-galloylgalactoside ) Y 25 ¥4 — 21 | [ 1 4
MW 127 iR 3-0-BE 1Bt %9 W5 1 ( Myrice-
tin 3-0-galloylglucoside ) , [A]13,£35 5 € e A E
F 3-0-1% & T WEHI % B% 1 ( Quercetin 3-0-galloylglu-
coside ) 5k —5 )

MU £20 £25 £29 {44 {55 £56 {57 ¥4 5]
JBes He Ry 319 YT R T s 1 (H R AR 2 7 5 1

G TN RS Y VO BN e iR
HiH=%) ( Myricetin derivative) .

223 &E AYEFUEEIE R 350 nm AY5%
PRGNS 7 F el 1, f4E 2 R T e 1,
FEIEE PR T 508 m/z h 271 BY 38 2 (Api-
genin, Ap) ! m/z 29 301 14x 3 H # & ( Chryso-
eriol,Ch) ™", W 3 /3 T F[M+H] ) m/z Ky
609, Bk 1 43 T2 M H (CRXS 4y 7 B 2y 308)
Ja PR m/z 9 301 IR R HOCE . BEELT,
E TN PSR i pIw v s s Ao i D I VA
PRI HFEI0EE £3 Ry 4 S B0 3R 7-0-25 M ( Chryso-
eriol 7-O-rutinoside ) 2’ & f10 4> T B £ 1 4
T B BRI 2 B Y CREOE 20 7 B Dy 338)  HEE N
&R HH R 7-0-F 5 Ik 8 % B 1T ( Chrysoeriol 7-0-
feruloylglucoside ) , U £38 HAs I £ Ch 1§75, (HAR 4
O3 T BT m/z O DN 2 AR 2 R, PRI T 2 4 H
D Ay 45 2% ¥ 8 E AT E W) ( Chrysoeriol derivative )
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W £47 3B F R 1 41 A (AR 43 T
TN 162) 1 3T ARBEHE (R 7B 132) ,
M Ry 4> 26 FH R 7-0-5 4 XU ( Chrysoeriol 7-
O-sambubioside) , W& 48 /3 T B T ERT 2 /- T4
HIBETT , 22 MassBank £, 5 G 2 H R 7-0-WLbk
1 ( Chrysoeriol 7-O-sophoroside ) — £ ( % i€ 5.
PNO00073) . W 24 (42 ¥ K FE3e Z ATk Wy,
24 )T (5 B 5 MassBank H1F3E 7-0-18 B
ZIHEFT (Apigenin 7-O-malonylglucoside ) #1477 (& id
5 :PN000048) . W f42 1Y B3 A7 Ry 5 06 148 AH L,
YR oy T BT 20 2 o3 TRIAIELY , DRt I 0 £42
HITHE T-0-MHEFH ( Apigenin 7-0-sophoroside) .
2.2.4 BB I f6 17 23 128 136 f59 fiNHE
ME) m/z 273 MRl R (Na) 8, &
MassBank #2716 f6 A H Ji & 7-0-%5 %4 B ( Nar-
ingenin 7-0-glucoside ) (2105 : PR306370) , % 7 Ky
Mz % 7-0-2% 7 B 1 ( Naringenin 7-O-rutinoside )
(Bid%5 . PR302552) . Mg 23 s FRFRAKT 141
T AR (KX T B 176) R 1 2x 1 AR
CREXF ¥ By 146) | HE e HOM Al 2 3R 7-0-B 81
PpE S 28 4 11 ( Naringenin 7-O-ferulylrhamnoside ) , 14
028 JF T RRT 1 40T B X475
O 146)  HEMH Al K 2R 7-0-F 2B ( Naringe-
nin 7-O-rthamnoside ) , I 36 0 FEFEERT 1 4
B ERIE (AR XS 23 B R 176) (1 J3 - A 0
CREXS o355y 162) , e H A il e 2R 7-0-Bil
Tk %5 % B 1T ( Naringenin 7-0-feruloylglucoside ) , W5
£59 W BTIEAT Ay 55 06 48 AHARL, PRI #E00 JHE Ay Al e %
7-0-# 4+ ( Naringenin 7-0O-sophoroside ) .
23 HBRANEEESH

M T 22 AEAMIE AN A AN Y i
AN SRR RE A 7 U (0 (HR S T RAE,
HAEHE AR A T, SRR, R &l
Wf B AR EARANIR] AT IO [R] (0, 3R
2 AERIR R 2SR AL AT SR B R % b R A
LR EAINE | T LU 4 T b 23 B 22 48 65 R o0 A
Fal. WIFTRBL, 24 2R AE A SUh B 5 Ay 2
B RS N RRIHERER (R5),
231 EEBWRMY Ry A AT AL 24 PRI
ez 70 A ERACY) , (U1 6 FAETT RSP
47 PRS2 Y o 7 R R 2E M) 5 6 A e b
TP 4 FORBERIAINY) . PR RAER I

B 42 FET Y, ORI 5 31 RS
PR, 2128 60 R AL A0 B 61 Tl 288 i R 15
Y, B R IS0 B 34 P E IR, Ak
FACRE AL 56 TSR Q) , KRS (0 3 AL
A5 23 PO EERACIY . W R0 2w A5 1
FE A TR T A — AR B, f & 5 ATLAE Y Rt
ENS SUE AR SUE Vi) eV I AW /ES)
B R AR O R LR IR B A W 225
2311 HHERT SRS, A 16
PRI AETE F 17 5 4 PR G R 2 M2
Z(E6) , Hh HARKE S R 6 FiEF R,
HAAPRI PRI 1~5 FfEE R, 2REY AR 6
FRAURTT AT ZIN G T RERRKR, BAHFRIT
(TAC) BB RINFRARSEORSLE AR>S K
B 2> O RSO R, 5700165692 pe/g.
430.62 pg/g 277.61 pe/g.142. 88 pg/g .85.20 pe/gfil
0 pe/g(B 7)), MWEEtaRETRH 4 Fies =17, 846
REBR 3-0-HEHT REHRR 3-0-5F0H R4
B 3-0-Z A HETE-5-0- M A B AT 258 K 3-0-3%
T, P R A R 3-0- 38T AT251ER 3-0-2%
M A S R A A R R R ALYy
FAAT R I 6.0 FET £, F8 1 4R
Kith 5.5 FfEE R, H S A RIEHER NUEER 4L
HORETSAETRH N 6 0 EF R,
R AR AT R 3.4 B G 7 47
FERTP RS REHER, 3 DA RIS R 42
R AR KO R 3 FEE E17, ¥R
TR AEG ORI, LA 2 MR PR AEE R
T, A E SN TR 1 FEs R, I s M
G 2 FEE R N R AR R e R
IRESR T TAC & A TR 3 8 R AR A MIEAS
THAHER, WA F 2 KE AR A RIS A 1
AT R TR TAC S A, AT R & 4 Fh Cy .2
il P, HHESA 3 Cy SR EA 1 F Cy s AL
() TAC F R B4 B> >SN, 4391 R 520. 74
ng/g 275,52 g/ gl 52. 87 pg/g, 25 W3 (P<0.05)

AR LT RS REHR O &
PR TR R G &, N RENAEE FZ A H R
F-19 PR EF R SRR EH R 3-0-8 B b
REIAH S MMET TR S EUREH R
3-0-ZEFEH T, 10 MR L E R H S =
REAGE 3-0-N _BRmzpH b+,
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Fig.5 A heat map of relative content of flavonoids in the flowers of 24 Cymbidium Sw. samples
2312 fEEER BRAF RN SR PSP K Qu Al My B STAA7E T A A b, i £
i 64 FIAEBTER AR BOIRE  BOEA AN BOREI A, BOA ARARORARH Is Sy B DHS 1T BE T 2 F,
BEHICAT 6 7, 43 5199 K, Qu.Is My, Sy FIDHS, 2 415 Ap A Ch, Hor Ch 76 BF AT RE & oA A7 e , T
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Fig.6 The composition and content of anthocyanin in flowers of 24 Cymbidium Sw. samples

Ap DUFAET 9 DHFERLh  BUGERR TN Na, 78 4 (3
i (0.S UMW) HoRE (3R 6) . HHEIS AL,
MR 2R AR R ARG HE 11 ~ 36 N4 4, 1 £40 141
f45 f46 (47 J 8 A7 AL ¥ &R, HrP g 40 /L C K
FL A ARAG 0 £41 A M N FRRAG HY 0 45 X C |
T HPORKGHY U6 £46 (L N T AR H, 70 £47 {3 N
Q.S MU FPARKE 5 1% £13 25 127 f44 149 62 63,
fod4 SR A NV .G RILLT F1Q B iy, i
f37 £60 L B FITREAT Y5 0 £7 F18 {UfF7E T 5524
(LJ A L) BAA—E R E R

t# 4 AT LUE R K 19 64 A6 35 2L
Ay, B 115 122 31 032 (34 (41 43 45 {46 .
£50 .£52 55 11 PG 76 22 BHE Y h 8 1, 0% 13 .66
£7 f13 f14 24 £26 £35 48 51 & 10 Fhte HAb Y #h
WF 58 OB e rh B i, FLAR BRI £11 £12 20 25,

IR (W £30) ARz 2 7-0-Fn] 290 Ik 1 25 1 (e
f36) Mt Kz Z 3-0-FIREXHE (15 37) M 3-0-4
BWE-7-0-F%RETE (W8 £39) M2 2 3-0-5 18 bk
T (W6 £40) 3R 3 7-0-MURT (I £42) 4 360
R 7-0-F A BB (U £47) MR 3-0-FFUMET (%
f49) Mt 3-0-CEH (1§ £53) Al R 7-0-#L0%
T (15 59) M2 3-0-3% 31 BE A5 49 B 1T (1% £60) |
R 3-0-F A3 XU (1% f61) FiApHE & 3-0-38 1k
COBET (1% f63) , [RIA , ARBFSEAG A &R | T &
=RV R IRAT A B RAE 2 RHEY T ORI
& 7 PRV, ARG R 22 R AR b 2R
Bl AP —E 2557, BRI (TRC) B e 8
I B 2 B e O BN R 410 R 12 817.74
ne/g. 10 504.35 pe/g.1296.60 pe/gFl1 016.80 pe/g,
e THAL R, H22 5 W3 (P<0.05) it Rz

29 £33 38 f44 54 55 56 {57 £62 f64 %= 14 Fhk (B A S B TG (B 35 25 57 SR AR Y TRC LR
HEEEFKEEI,F 28 MEIE R M WRIGE, 47 BERR B i YA, OrE €0 28 i R o5 B ) 5 e fe

Bk TS 3-0-N ZBEE AR (06 1) | T &5 3-
O-BEFABEBTRLABEE (1§ £2) . A T &H= 3-0-H# %
BT (I £4) AT A 3-0-58 00 XUBE (1% 15) 4
HEZR 3-0-N BB UM (1% £8) MR 3-0-I8
PRSI AT (0 £9) |4 SRR HE K 7-0- B 20 Ik 4 4 A
(I £10) MR 3-0-ZF M (1% f16) MR
3-0-BEIHAMEH 4 WERE IR 1 (U6 17) R 3-0-B
ZEWE-7-0-FR AT (06 £18) M Bz 3B 3-0-7 % b-7-
O-TN BRI 2 (18 £19) MR 3-0-38 Al 2F
FUBF (16 £21) Ml iz 2 7-0-W] B0 BE R 2= (1%
23) MR 3-0-% & FERIA T (16 £27) Ak
R 7-0-RAHE (1 28) MR 3-0-2EFL¥E-7-0-

M, B RAEME b A S BRI o 2 LI 23 i
B TR i T A5 e, SR B LU
R X FONHIC, 2 R R 7-0-FR A0
i R T AL R B R LA B F OO,
MR 7-0- i SR 7-0-= BB SRR
T ARG R, TR 5 880 28 22 0 TRC
PR A B R S T R T BB 1
2 A3, AT ULER 22 B TRC S 2R B B e 75 A
X B —E BRI R R, TR 5 36 5 Fisk 6,

BROCH ST e RIS, BT A A a4 B
BEAE G2 B R b 3yl B B, O 53.01% ~
97.93% , Herp by Lo die e 19 g i I /NG 5 DR 5 7
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Y 5 HE A 33, 92% ~ 75. 81% , S 3 B A B A 2
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S
S
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b

1k
£
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di bk 30. 87% ; E R FH-16 . FH-19 FIK & 5 &
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8% AN FE FH-16 FH-19 K& 5 & WM igsh, A
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Fig.7 Anthocyanin content in flowers of Cymbidium Sw. samples with different colors

232 EFERG ERS>HH UAFER 24 Ff
2EREAREAS | LI ER 2 8 B i VR A AR &, ) Ori-
gin 2021 HEAT E WA 40 0. WK 8 Frs, M4 i
FRIEERT 1/ 2 A5G, AR fEAS TR
SRR RS 1 RO I ARREE N 7. 339, TTikR
H66.716% 55 2 TR HFFIE(E A 2. 012, BTk
K 18.290%, 2 A~ F B 4 W B 3t 5Tk R i F
85. 006% , F AT 2 > F A3 HEA ] DI R 24 =2
AN 85% MR BHA(E E . A8 i 1L AW 3-0-F
FUREHF L L2 B 3-0-H B BURE At K2 R 3-0-81 18 )2
BE M R 3-0-Z T M M R 3-0-79 ZBEA
EIRETT M R 7-0- M E BT VR EH R 3-0-H %
W R E 3-0-ZEF/BAT-5-0- WA BT R4
R 3-0-N A A S /RS 1 F IR
05 0 B ik Ay R0, B 528 1 AR IE
FHOG, HZNM R R LA FR A4 Y I, 3k
A 28 L AS Ry 24 AR A ) S LR R, %
FHRENFENIFT R, BRANHAR 3-0-EFh
H ATER 3-0-N Bt A B & EAE 5 2 F
SyHE TS 1A A ) 2 T R AR, RIS 2 F
EIEAR AN AR R BT R,
AT LU Y, R (1) MBI ()) K
WO (B) (8 (L) JEREV/NME(Q) RHE 1 E i
SYIEIA3AR I H S B S0 114 f43 (40 (41 46 (6,

al a3 a6 FEIT , FIX LE N 7E RS AE P 10 5 =
Hi AR L B 2R (A) CRE BHEL T (B) A E
JR(J) .FH-19W FH-16U #7282 F R4 IE A1 5015 ,
B LA AR B A AT 2546 2, o K St )
U ad a6 SEIT, RWIH AT 16 3R 5 A B L,
HAMEHERRa S0 E O mEREafREAR, Y
ST 1 ERUY B 2 B s 1, HEA
TR AT R R ENTSE 152 Flsr25h
FHOG, LRGSR, 3 553 43 BT REAK S AN [F] =%
MRS BT L Y B B 25 57
233 RAF RN HET AL, ARAR
2R AL B N RS 15875~ 2 067.56
pe/g, AR O R Bt RO RS/ AL, A
Fea b # & A 2K MR, & & 55092~ 2 532.13
pg/e, BB HRE AR, HREGA R
(2 173.34 pg/e) LIEEPH A ERAN(ERS), HEARE
S/IMHEE FH-10 TR A9 ZEE % N R & 5503k 551.53
pe/g.105.66 ng/g, K& FEARIFAAZEIAE MRS
RO (253213 pg/g) >4 (1576.77
pe/g) >TEIE(145. 64 png/g) , 2555 3% (P<0.05)
MRFIFIREAE A 8 N R B okl B 2228
A DR &R, BRRE S H I 4L A
Ab  HABFR 3 (S B~ 2 A IR F]1 000,00 pe/g
DAL A 2 SR A bR BB L AL IS N R
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7E1 000. 00 pe/glh T JUHSR M 22 i B =2 5 KAE or o

AT MR | 3 KPR, P & ol '

AN 13728 pe/g.123.35 pe/g, s "

234 BB EAFWHEFLN MK TWLUE 2 J ”

AT 2% 22 i A A o 4 2 B A B SR — /
Rl (0 R A T > LT 0 R B R > TN Wy, =

R AN 214,94 pe/g 180.01 pg/g.159.76 2f

ne/g.22.39 we/g.19. 74 we/gMl 1.97 we/g, Hi 3 £ -4% 5 L 5 s

Y5 3 AR R EES (P<0.05) .
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BANIE, N 316.23 wg/g, Bt AN i
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Principal component analysis of the contents of fla-

vonoids in flowers of 24 Cymbidium Sw. samples

Table 5 Composition and contents of pigments in flowers of 24 Cymbidium Sw. samples

e KW E g REE pEn B H BIETE
(pg/g, BEFUR)  (pe/g, BERTR)  (ne/g BfNURY)  (pg/g, BFNURY)  (pe/g, BFFCR)  (pe/g, BETRE) (ng/g, BEFT)

A 1603.00+20.52abc  286.28+7.11c 2 121.13+11.310 1921.76+9.75n  176.41+3.55q¢  22.96+1.76kIm 385.20+4.14bed
B 2532.13+2639.31a  73.736.18f 2 821.75+21.60lm 2 326.73+28.49k  243.58+6.360  251.44=0.54e 520.74+1.82b
C  145.64x15.63d 8.71£1.07k 3 625.19+17.97i  1763.69£12.220 1777.96:9.43a  83.54x3.49¢ 275.52+2.87defg
D 365.03+36.02¢d  61.72+6.49f  1807.93x+7.61p 1 556.55+7.09p  223.91+3.00p  27.47+2.37k 245.37+1.16defgh
E 1576.77£30.99abc  316.23+10.06b 2 810.27+15.47lm 2 270.40+8.091  504.50+2.67i 35.38+5.66j 52.87+0.61ij
F  1085.28+12.77bed  31.24+2.15ghi 3 908.35+17.66f 3 336.30=16.89f  480.81+3.54] 91.24+2.66f 0+0j
G 2173.34+37.86ab  419.92+13.44a 1619.49+12.19r 1 298.43+6.99r  311.88=5.7lm  9.170.410 0+0j
H 1611.13:16.53abc  179.70x1.40e 836.95+8.58t 543.47£6.77t  274.99x1.31n  18.49:0.59mn 99.95+0.28hij
I 1197.23+63.30bcd  214.94+6.64d 12 817.74+24.84a 10 504.34+49.35a 1 296.60+20.35¢ 1 016.80+4.16a 1 656.92+216.47a
] 103.36+8.23d 12.35£0.39jk 6 129.23+64.53b 5 388.09+62.81b  237.24x1.750  503.90+2.21b 454.83+3.42b¢
K 200.50+17.18d 30.45+2.52¢hi 1 719.65+28.88q 1 342.3125.01qr 336.57+2.961  40.77+2.14i 0+0j
L 337.79+7.56cd 73.81+2.75f 5 117.02+44.18d 4 149.81+37.41d  656.77+5.64h  310.43+1.48d 0+0j
M 113.75+5.47d 16.24+3.96ijk 1743.54x11.28q  558.23+5.78t 1 168.53+6.35¢  16.78+1.46n 217.01+0.36defghi
N 163.28+9.37d 31.37+0.38ghi 2 770.14+6.58m 2 632.55+6.20j 93.85+2.79r  43.75+2.01i 208.23+2.53¢fghi
0 199.10+0.80d 1.97+0.87k 3 773.34x27.28¢ 3 473.34+28.77¢  299.99x1.96m 0+0p 142.88:+1.22fghij
P 72.99+5.88d 11.87+1.04jk  2316.52+14.20n 1237.75+10.21s  751.96+6.78g  326.81+2.90c 0+0j
Q  257.77+5.00d 41.29+2.23g  5349.78+33.39c  5239.22+36.14c  42.00+2.07s  68.56+1.67h 357.59+1.54cde
R 50.92+9.29d 7.48+0.19k 3 506.55+38.91j 3 109.96+35.26h  388.93x5.13k 7.661.130 131.910.43ghij
S 551.53+9.27¢d 24.20+6.41hij 3 693.75+21.93h 3 215.24%23.12¢  478.51x1.67] 0+0p 0+0j
T  396.20+11.83cd  39.50+0gh 1506.39+44.38s 1 391.24x43.36q  90.00x1.42r  25.15+1.23kl 0+0j
U 228.42+6.88d 16.53+5.13ifk 2 848.95+20.361 1 597.98+13.27p 1 250.96+10.10d 0+0p 307.38=1.63cdef
v 76.44+5.94d 3.56+0k 4026.66+15.07¢ 2 889.13+11.06i 1 117.44+5.89f  20.09+2.17mn 236.11+0.71defgh
W 82.89+5.11d 8.85+0jk 3238.43+16.61k 1 716.77+6.510 1 521.66+13.17h 0+0p 212.30+1.73efghi
X 105.66+13.37d 13.06£1.08jk 2 832.70+16.861 2 142.13+13.30m  669.81+4.37h  20.76+1.57lmn 0+0j

FERA~X L1,

[EISVEHR e AR A AN R/ B3R 22 5 B35 (P<0. 05)
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Table 6 Composition and contents of anthoxanthins in flowers of 24 Cymbidium Sw. samples
B T SETR e
B (ng/g, i 5 ) (ng/g, B 5 ) (pg/g, B B )
L2 R FRAER Wt R TH= —ATHS HFRE  eXWHER fili e R
A 17599+£520m  1460.86+4.89)  139.33+0.98hi 111.75+338n  16.91+0.55m  16.93+1.05m 0+0i 176.41+3.55s 22.96+1.76klm
B 341.29+0.08h 1 401.70+26.08k  208.44+147.48¢h 271.07+3.74; 0+00 0+00 0+0i 243.58+6.36p  251.44+0.54e
C 84.41+0.56q 785.22+6.470 0+0k 757.38+8.42¢  136.69+0.31d 0+00 692.33+5.34a 1 085.63+4.41d  83.54+3.49g
D  101.81x1.57p 1 184.47+5.541 42.85+2.24jk 70.38+1.820  63.21+0.81h  93.83+2.01f 0+0i 22391£3.00q  27.47+2.37k
E  296.22+6.07) 1 029.16+6.98m 0+0k 932.96+6.23b 0+00 12.06+2.86mn 0+0i 504.50+2.67j 35.38+5.66)
F 592.55+3.07f 2 246.07+£13.48f  89.25+4.85ij 299.03+4.651 24.68+1.73k  84.73+1.78gh 0+0i 480.81£3.54k  91.24+2.66f
G 265.09+5.49 825.35+7.63n  40.89+2.71jk 159.62+1.52Im 0+00 7.48+0.58n 0+0i 311.88+5.71n 9.17£0.410
H  146.67+4.10n 353.87+2.23r 0+0k 33.81+0.94p 0+00 9.11+0.42n 0+0i 274.99+1.310 18.49+0.59mn
I 2253.04+£16.99a 6 375.36+24.25a 311.49+112.15def 585.28+8.78f 304.82+2.23a  674.36+15.02a 260.92+0.89d 1 035.68+21.24e 1 016.80+4.16a
J  1463.98+13.75b 2 556.49+41.30e 383.29+7.09cd 614.64+10.83¢ 122.18+3.74e 247.52+1.26b  35.13+0.58f  202.11+1.19r  503.90+2.21b
K 266.11+6.80k 179.71£3.78s  365.62+8.87cde  530.87+12.21h 0+00 0+00 0+0i 330.57£2.96m  40.77+2.141
L 411.60+3.95g 1 824.17+2525h 265.86+5.51fg 1394.76+£5.35a  95.82+1.99f 157.59+1.08c 40.68+1.17¢  616.09+6.151  310.43+1.48d
M 194.30+4.131 58.04+3.85t 23.01+1.395k 31.40+2.71p 164.04+£2.59¢  87.44+1.87fz 485.87+3.33b 682.66+£3.50g  16.78+1.46n
N 1459.44+2.26b 54.44+1.78t 83.21+1.451jk 654.69£6.26d  249.99+3.57b  130.78+1.77¢  30.56+1.65g  63.29+1.26u  43.75+2.0li
(0] 73.60+1.17q 2 596.15+17.17d  582.13+7.51a 173.59+4.151 17.08+£0.95m  30.73+0.781 0+0i 299.99+1.96n 0+0p
P 135.29+2.480 785.85+10.520  39.72+2.67jk 111.75+3.48n  76.33+0.45g  88.80£1.99fg 16.95+2.25h  735.01+4.92f 326.81+2.90c
Q  659.54£3.18d 3 495.01+23.70b 412.59+1.92¢ 554.95£9.48¢  38.18+1.33j 78.95+0.37hi 0+0i 42.00£2.07v  68.56+1.67h
R 191.44+£3201 2 658.16+35.11c  103.08+0.39i 75.07+1.580  17.43£0.73m  64.76+1.87] 0+0i 388.93+5.131 7.66+1.130
S 316514251 2 152.82+19.71g 497.73+4.40b 16531+2.20lm  521+0.78n  77.66+2.99i  469.73+1.99¢ 8.78+0.49w 0+0p
T 29.78+2.09r 662.06+4.88p  319.80:+4.76def 1763135341 49.04+1.351  154.23+2.97c 0+0i 90.00+1.42t  25.15+1.23kl
U 299.39+2.05j 837.20+9.27n  194.78+2.03gh 212.63+4.93k  14.15+x1.97m  39.84+1.25k 0+0i 1 250.96+10.10b 0+0p
V  617.30£8.00e 1 602.54+6.751  294.19+4.95ef 152.16£6.63m  79.62+1.32g  143.32+0.25d  14.75+1.57h 1 102.69+5.15¢  20.09+2.17mn
W 731.49+4.88¢ 490.17+1.53q  320.98+3.10def 12422+2.7In  21.06£3.751  28.85:4.211 0+01 1 521.66+13.17a 0+0p
X 335.00+0.78h 1 035.50+7.49m 490.10+4.83b 165.07+3.56lm  24.93+0.72k  91.47+1.30fg 0+0i 609.81+4.37h  20.76+1.57Imn
Feah A~X W3R 1, RISV R A AR/ NE FREROR 225+ B35 (P<0.05)
24 HBRAEEHRBRIEMEXMESN al a3 Ml a5 & & 5 03 GO O, M OC R 8000l o

H TSR L B AL B S e A K
HIGR REE CIE L ™ b 285w ME it
LRE S AGTE R SIS 3 N i
ATAHCE b, Ik 7.8 8 i, I (L") 5
TAC Cy 7% 4% 5k 3 TAH G (P<0.01) , FHC R %K
I3 A-0.557 .-0.533, 5 al \a5 & H 5 5 A 5E
(P<0.05), *ﬁa@%é&/\”ﬂﬁ 0460 0472,21%&
JE(a™) HMa R & 82 W E A RN
-0.463( P<0. 05) ,iﬁﬁﬁﬁ%ﬂ;(b )5 TAC & & 2
WEMA K (P<0.01) , KRN -0.528, 5 Cy,
al (a3 .a5 Fll a6 7 & 5 10 3 0AH ¢, A 2C R 5000 31
H —-0.496 . —0.455, —0.405 , —0.448 1 —0.411 ( P<
0.05) /L FIEE (C) 5 TAC  Cy & & 5% i 3 1Al
X A BB R -0.558 F1-0.532 (P<0.01) , 5

-0.497 .-0.448F1-0.494 ( P<0.05) , H 5 Sy & & &
A OE M OE R BN -0.405(P<0. 05)
3 90
3.1 24 pZEHERATE R EEDNEKE R
AWFFEFH HPLC-MS JriEmhr T 24 22k
i A 2 B A B o3, A 6 FRAETE R S 4
TIOR3 2R 2 FhAT2GAE 2 5 O ARG I 3] 64 F v i
P R B2 B, A LA I M R SRR
TR BWER THS TR X R R
REYET, Hrp Il A5y i R R A R
WENIA IR, XTEE 2R YL T EE R
W MAATIRSE , BRI P#R I TR A5 3 ML
R LEB SRR EEA RS R 4
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KNG e S BUA AR S 13 R R A
K KIEH RN ; Wang 2512 FE A A5 2R R AL
2R 6 AR AEAEER AT BT, 6 Fhfi
F LA S R R R R Y R A A
Wbk E] 8 PR 4R | KRR KRR A
IR, 12 MR LB AMRRER;, T8
PO FE R4 22 Pink Lady B3 2P0 9 Fh 4244
R AR MERE RO, 18 Pl i 2 1043
R UNLEHEEERUSYELEESBIALY

Ty 1S B S 2 2 S i 251 I (] 1 6 9 e
k22 d R AR R LAGI 1 28 Al A A R B 19 Fil
M 2 A 0 S SRR BT 2R A e
O 22 R RN F 5 Fhok 4285 2 AT 2548 2B AN
23 FiET | R A (T R R R R
MR LA SR 22K ) ; Griesbach ™ £ K
i e kRl El g Y i s R N TR i ) 7
MER T A T e 2 2607 AR W X oy B IR ATE 2 B
Wb B, ISR I Z R I E T 4R
FEYIAE IS B IR A= W) 6 BGEAR AR

Table 7 Correlation between color parameters and pigment content of 24 Cymbidium Sw. samples

B IRAMA S R L
vo KPSk um S8 wow S8R R wamwik 20 sk Teo s 8K wk
g PN g FHD aa FID pp s g AAD O EID g0 WD WD ED e HO

L -0.120 -0299 -0.557™ -0283 -0264 0018 -0.114 -0533* -0.169 -0220 -0291 0243 -0068 -0328 -0049 0043 -0.114
a -0352 -0463* 0205 0211 0182 0221 -0042 0173 0.104 0187 0217 0158 -0.187 008 0111 0210 -0.042
b -0.134 -0.187 0528 -0270 -0220 0.002 -0292-04%" -0303 -0223 -0251 0299 0006 -032 -0073 0036 -0292
C -0237 -0322 -0558™ -0265 -0203 0014 -0368 -0.532* -0300 -0255 -0.19 0346 -0.049 -0405*-0099 0061 -0.368

* FIRE A (P<0.05) , ™ TR B E RIS (P<0.01)

RS UNZEHREBRESYEXRBEMEAYREEZERN S SEMHERE

Table 8 Correlation between color parameters and the contents of main flavonoids in 24 Cymbidium Sw. samples

_ WA R B
CIEL a"b"
al Fit B3P w4 FE WSHE a6 FE 6FE 45 M3EE M0EE M1 EE Mo &t

L” -0.460 -0.184 -0.133  -0.472" -0.153 -0.186 -0.188 -0.169 -0.262 -0.268 -0.128
a 0.180 0.100 0.317 0.106 0.314 -0.010 0.009 0.133 0.036 0.246  -0.027
b -0.455" -0.405°  -0.261 -0.448 " -0.411*  -0.270 -0.221 -0.332 -0.188 -0.141  -0.235
C -0.497" -0.448* -0.212  -0.494" -0.365 -0.330 -0.269 -0.362 -0.222 -0.066  -0.297

* FRBEMI(P<0.05) . al~ab 6 f14 43 40 41 f46 [W]F 4,

W FA T LB, Sk LA P RIS
LR 3 BT B e ) AR 3R, L R B A
Wit 22 L AS Wy, BB bl i e 2, FEAEE RN
REAEF  SGAMIFE AP e i d o 25 AR B EIE,
M E T A AT 16 RS A AL T
EORFIOZR 2RI TAC &R0 R>E
RS EROFS KB (O R STR O R ST O R fELT 4
0, SR OFIR ORI A KEALTE R, KR AR
eI TAC Fr i3Ik, WO RINRAE TAC S5
WA, B ERIMRT IO T 2, ERAEH R 16 7
FES P EE BRI IR 4R F, A 8 M
M DAREAR R 3-0- 25/ E, 7 AR LIRSS

R 3-0-N B aR o L AR PR AR T
2R R 5 P Bk, B B2 2O 32 i R 3-
O-ZA BEH & e, X5 A AT 58 25 2R AR 0L
Wang %5 2 TR, R AB R 3-0-25F 0T ATETE
R 3-0-EFME A RAEA 2 ) AL 291, e s
LA ER I I AT R, ETE
TEWFFEA LLABE R SO0 2 AR R UM A L R 222
R AR 2 MO0 A SR A A B YL
HREROE, HURFHZN T, S O0R HORBIEA
2B A B IEE R . LRI R, K75
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Fig.9 Metabolic pathways of flavonoids in flowers of 24 Cymbidium Sw. samples
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