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IR A
1.2 REHk

FRER 0. 25 g Bt A0 WK ZE R, A 5 mL 0. 1%
HCI-H EER R, B T 4'CURFE P RERE 24 h, 8% 12 h
B 1K, EIEIZ 0.22 pm SR8, W4 10 155
F A ZER UPLC-PDA K UPLC-Q-TOF MS 43#r .
121 SR AHERESMT %R Waters ACQUITY
UPLC BEH C18 Jx # # i # (2.1 mm X 100 mm,
L7 pm), WEHAH:A,0. 55 FRRKIEW B, 0. SRR Z
M. BEMAREE .0 min,5%B;2.5 min, 10% B;12 min,
25%B;14 min,40%B;15. 5 min, 85%B;17 min, 100 % B;
20 min,5%B, Fi#:0.4 mL/min; HFEE .5 pL; HEE:
45°C R % 45 : 520 nin (FE €4 ) , 350 nm G il F1 3% i
Fi) ,200~800 nm i [ P 4= 3 RO
L2.2 Jaigksrdr A BB & SOR A R AT E B
PR AT R B R Y TR S5 A 5 8 . WROHE 63 40 B
LA A R 520 nm, SRR EE T
(ESI* ,m/z 50~1 000) , B4 HL [ 3. 0 kV; 4 FLH &
30 Vi3RI R 3 Vit H AR L 650 VL&
50 L/ hs SIS 600 L/ hy BEFIRIREE 100°C s Bt 51
SIRBE 300°C ; Al SR 0. 30 mL/min; il 18 fE &
25 eV, FIH Mass Lynx v 4. 1 A5 RIES R
1.3 THWE

A FEAE 0 B R MR+ 520 nm 1B /B
Pt e K I O I 4K 350 nim A 7] B A I S A €8 3 (Total
anthocyanins, TA ) F1 i 25 B/ % B B (Total flavonols,
including flavonol and flavone glycosides, TF) & &, ¥
FA e B — AR T R P R I R AT S &L
R TR T R I A A B B DA N ) TS TR
M S EERY., SHUEREHR -O-HEHEHH
(Cyanidin-3-O-glucoside, Cy3G) F1 T (Quercetin-3-O-
rutinoside, Rutin) A Fr¥E &  FIl FISMR kX e Mg TA i
TF #irkEs, Dh 1 g Bl e mh &A1 TA f1 TF
&7 (ng/9ERR,
2 BR5HW
2.1 HWEE ST

1 8 Ve A0S0 A e SR vt 50V A £ - DO AR AT
ERIBERATES ) B B ANCAE 7 AN VL g P A AR I
W 4 FpfEAEER 11 FPegin/ SEREE Y (& D, #
T XF 25 439 58 -] LR e B K i R
FFHERE TR0 4 FEATE AN R EHEK 3,5-=
HEEE REFHR-S-HEET AR S,-"HE
VAT LR -3 AP 5 7 Fh gl . AR R R b
GRBBE) AR R R W (R B A + /S ab) e i
R BB GOSN 8 R W (RN -+ S L
R R (PRI 750 & 2 i R Bh
GNBME) & 2R R W OSTobE + B 3 F ik 54
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5 13 S 4P T & B B EAE T, RS A
m/z 301. 0724 504 3= H # & (Chrysoeriol , faij fik Ch)
—H,m/z 4631244 R B TR T8 Fm/z
609. 1817 2% 25 Fit B ¥k 142 A HY 3 T B W T A5, m/z
301. 0724 5y m/z 463. 1244 Rk =—FREECH 162 5
THE LR, 25 B ik S e ol & R R T
GSBbE+ B B R0 , RS — L% .
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1 IEHA#eEFEMEE / FWEAK N UPLC Eif
ALK 520 nm; B, A 350 nm,
Fig.1 UPLC chromatograms of anthocyanins,flavones and
flavonols in flowers of Jiangnan tree peony
Note: A. Detected at 520 nm;B. Detected at 350 nm.
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TAVLEA SRS ECHFN S EL
2, HERKRFHE"HF KRR AR 21 6
FERFEAE s 4065 28 B “VE Bt ™ AN “ A5 37 A 1] Pn3GSG
1 Cy3G5G 2 FifE &, H Pn3G5G A 8 R 4T FH
FEAETH S, T E BN 93. 330 KA AR
“BL MR 5 R A A LR Cy3G5G.,
Pn3G5G.Cy3G il Pn3G, FE K@ H K Pn3G5G, 1
AT 2 & 59. 63%, Hk A Cy3G5G. Cy3G #1 Pn3G,
ARIEBRMIEETE & E(TA MR R L 802
St X R 0~0. 240 mg/ g, 4L R4 FHE B 1)
HREBERTHER,
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Table 1 Chromatographic and spectral data of flavonoids from flowers of Jiangnan tree peony
Rk 3 R B s ] BRI WK SFEF/ (m/2) W} B F Fragments HEWRILEH S 3k
Peak No. Retention time/min Amax/nm (CM]t & [M+H]t) [Yolt &[Yo+H]t/mez1 Tentative identification References
REHHE-3,5- WA
+ +
1 2.27 277,512 611. 1638([M]*) 449. 1104,287. 0580 [Yo ] Cyanidin 3,5-di-O-glucoside [5,8]
AIZAER-3, 5 B
+ +
2 3.03 278,513 625.1813([M]T) 463.1255,301. 0735[ Yo ] Peonidin 3,5-di-O-glucoside [5,8]
3 3.48 255,352 627.1538((M+H]*+)  465.1009,303. 0489[ Yo +HI+ Bt AR WY OB+ N [5]
Quercetin di-hexoside
REHR-3HEHEH
+ +
4 3.50 278,515 449. 1106 ([M]*) 287.0569[ Yo ] Cyanidin 3-O-glucoside [5,8]
5 4.17 265,345 611.1586((M+H]+) 449, 1077,287. 0550 Yo +H]*+ % B B AT BB+ B [5]
Kaempferol di-hexoside
6 4.48 254,352 641.1683((M+H]+)  479.1176,317. 0642[ Yo +H]* B R M ONBROE D [5]
Isorhamnetin di-hexoside
R R-S- MR
+ +
7 5.16 279,516 463.1237([M]+) 301. 0686[ Yo ] Peonidin 3-O-glucoside [5,8]
8 6.72 254,323 465. 1021 ((M+H]+) 303.0511[ Yo +H]*t mﬁ?ﬁﬁ:ﬁ:(ﬁ‘ﬁéﬁ)
Quercetin hexoside
9 6.98 254,265(sh)348 449. 1077(CM+H]+) 287. 0565[ Yo +H]* AR FE ST N [5]
Luteolin hexoside
10 7.42 255,265(sh)348 595. 1668((M+H] ) 449. 1130,287. 0564 Yo +H] T Kﬁﬁiiﬁﬁ(ﬁaﬁﬁﬁﬁﬁ+/\ﬁﬁﬁ) [5]
Luteolin deoxyhexo-hexoside
11 8.18 261,336 565. 1555((M+H] 1) 433.1198,271. 0612[ Yo +H] T #ﬁi:ﬁﬁ(£%ﬁ+/\ﬁﬁﬁ) [5]
Apigenin pento-hexoside
12 8.42 266,337 433. 1136((M+H] ) 271. 0626 Yo +H]t #ﬁ?ﬁﬁﬁ(#ﬁﬁﬁ)
Apigenin-hexoside
13 8. 65 265,338 579.1724(CM+H]+)  433.1114,271. 0633 Yo +H]* SRR BT AR TR+ BRAD [5]
Apigenin deoxyheso-hexoside
14 9.02 253,267(sh) ,347 463.1251((M+H] ) 301. 0717[ Yo +H]+ ﬁé%ﬁiﬂ_ﬁ‘%ﬁ(”?ﬁﬁ) [5]
Chrysoeriol hexoside
15 9. 20 255,347 609. 1817((M+-H]*) 463.1244,301. 0724[ Yo +H]+ X R M ONHR+ T A

Chrysoeriol deoxyhexo-hexoside

M F 5 DM B TR T [IMAHIT DB 48 FInE Yo 58 [0 1T I TR T [ Yo +HIT A TCHr TINS5 sh: 2 WK B R 04
Note: M:;Glycoside molecular;[ M]* ; Glycoside molecular ion; [M~+ H]* . Glycoside molecular ion add hydrogen; Yo : Aglycone; [ Yo 11 : Aglycone molecular ion; [ Yo +HJ]t

Aglycone molecular ion add hydrogen;sh:Shoulder in the spectrum.

By = 3 =
*k2 IIEHAEBEARREESH x3 IEHAEI/ SEARREESH
Table 2 Pigment constitutions and relative quantity of Table 3 Pigment constitutions and relative quantity of
anthocyanins in Jiangnan tree peony flavones/ flavonols in Jiangnan tree peony
AR 0 SViREN: VPO TR/ BB T B TRA XS
i m 4 Anthocyanin components/ % TA relative contents (S-S - P Favone and flavonol aglycones/ % TF relative contents
Cy3G5G Pn3G5G  Cy3G  Pn3G /mg e+ g1 Km Qu Is Ap Lu Ch /mg e g1
“RRB” 0. 00 0. 00 0. 00 0. 00 0 “REB” 32.76 0.04 0.22 66.08 0.25 0.00 9.52
HER |, . MR
RPHE 0. 00 0. 00 0. 00 0. 00 0 “RJFH” 33.26 0.05 0.13 64.77 0.39 0.41 11. 84
“PEE” 5.31 94. 69 0. 00 0. 00 0. 025 “PnE” 18.10 0.24 0.84 76.26 0.88 1.09 9. 59
BER wmER
P g 8.03 91.97 0. 00 0. 00 0. 037 “RrE” 0.00 0.49 1.00 90.16 1.64 1.90 8.52
“Bier”  23.06  53.64 12.13 11.17 0. 180 st “Ber” 4,99 3.25 2.11 50.00 3.10 4.81 10. 07
BaAMEER ML 18.17  75.67 1.70 4,46 0.137 é% “Mper” 3,13 1.72 1.73 49.53 2.81 6.12 10. 51
“RIF” 18.67  49.59 18.75 12.99 0. 240 N “RIF” 6.74 5.17 4.31 41.16 5.35 12.44 9. 03

# : Cy3G5G, Cyanidin 3, 5-di-O-glucoside, % % 3% % -3, 5- — i % ¥ 15 ; Pn3G5G,
Peonidin 3 ,5-di-O-glucoside, 252§ #£ % -3, 5- ~ # 2 b1 ; Cy3G, Cyaniding 3-O-glucoside,
R F 3 R -3- A BB ; Pn3G, Peonidin 3-O-glucoside, A5 24 #E % -3-% G M H ; TA , Total
anthocyanins in petals(mg ¢ [1 g of fresh weight]™1),/E @3 S&,

Note: Cy3G5G, Cyanidin 3,5-di-O-glucoside; Pn3G5G, Peonidin 3, 5-di-O-glucoside ;
Cy3G, Cyaniding 3-O-glucoside; Pn3G, Peonidin 3-O-glucoside; TA , Total anthocyanins in
petals(mg + [1 g of fresh weight]—1).

f3E 3 AIA K 2 A9 B ER 4371 8 Ap.Lu.,Ch f 5
WEH R 0B 5 S ER EE 5 0] % Km, Qu.Is #Y BB A1 —
W, 2 Ap Km S 322 55 /B B B 43 » - 39 4
FHEBABIARN T 62. 56 YA 14. 1496 5 i B R 5 ¢ A8 X
TETE9.03~11. 84 mg/g YN, B FREEPHPEIE”

¥ :Km, Kaempferol, LI %% # 2 4 GS B + 7S BB 1 785 Qu, Quercetin,, 4
B W GBS B 17T 3 Is, Isorhamnetin, 53 B R W OB+ X
WM 7T 3 Ap, Apigenin, J 3 ZORFHH 7T , 38 8 R R (B + /S0
R SOREE GSBRMD 5 Lu, Luteolin, A R 5 ZOR 14 70, (45 AR B 3 2 BB OS K
B AR R O (2R BB+ S B0BE) 5 Ch, Chrysoeriol , 42 28 55 88 3 W OK
BB -+ B 3 F oM #° 9C ; TF, Total flavonols in petals (mg + [1 g of fresh weight]—1),
W/ AR E S R RR

Note : Km, Kaempferol, aglycone of Kaempferol di-hexoside; Qu, Quercetin, aglycone
of Quercetin di-hexoside; Is, Isorhamnetin, aglycone of Isorhamnetin di-hexoside; Ap,
Apigenin, aglycones of Apigenin pento-hexoside and Apigenin- hexoside; Lu, Luteolin,
aglycones of Luteolin hexoside and Luteolin deoxyhexo-hexoside; Ch,Chrysoeriol,, aglycone
of Chrysoeriol deoxyhexo-hexoside; TF, Total flavonols in fresh petals (mg ¢ [1 g of fresh

weight] 1) ;Datas were expressed as percentage.
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“GrEVERPERELSE TFRTHEAR. 58 F3'5'H BgiE Mg CY'Th5 2 1 3 AT Sk ik 2 1) i 15
3 g LERANE LRy Ty R =N 0 8

Sk

3.1 VLB AL FHE B A P s AR A 7E 0 R 4 AR
e

BRE @RI LR FERE 5 MR AR EEZE AT
H A Pn3G5G 1 Cy3G5G, —IE M (0 R ML G RY
FEEEARMST, 5P RS AR5 A E Y Fvadbt
P ERMEERPY AT HRMEE H5a6 R A
o P A B SR A0 e L PR AR R R AR LG
B/ Pg BRI, VLrg 4P B/ B B 4 RS H B AR
B AR AE L, E2 0 Ap Km B BB ZHH, 9
kPRI T TV AR R R SR
3.2 TLRIHPHRH R B 1 F SR

HRYE AL (0 R A A VLR A PHE B AT [ 21 G A A
WOREES 2 AT misE s, AR YRR 3
B RO IER BRI, a0 rp B P R AN H A4 P
FhEEMLLE R B, R A AL Cy 5 Pg B A N E,
8 3 i TR ) A L A S B RS B AR O 40 (8 2R i
AT LA I8 e — 2k P3G & & B 4 R EUIRAY H A4t
PHiLFPEL Pe3GSG & B W i B4 PHE N B R,
TELL A i 9 207 3 B, AT AFR 2 S0 RNA £
ARAMEN AT o0 H LB OMT [ B9 1 , I 2 2
B & gt Cy 1 Pon g% 4L, fe it Cy B A RK)
PR AT LGB IR G R V™ " b F3'H %
A B AR S A 5 N FLS YRk ™ 4 Pg BUEA R
R AR BT 5 B L IS B 2T U P A o

WEALRSIEZST B RO 210 R, BN R AR AE
AL €0 i R €2 99 T R AR P O R Y R, T LA
FAEETRFERFEMECHZ AR % F3'5'H
FNAMSNE DFR N A HFEES B/ E G RTLHE
HPHIREB” R [ 58 A DFR 2 W
BRI, R i 6 R K F R (Delphinidin, Dp) ##
5 B E BT U B B RO, TR SRR E HY
. FFAM F3'5'H HH R R, 7T AR
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Study on Flavonoids in Petals of Seven Jiangnan Tree Peony Cultivars

ZHANG Bao-zhi' , HU Yong-hong®® , HAN Ji-gang®® ,LIU Qun-lu!"***
(1. School of Agriculture and Biology, Shanghai Jiaotong University, Shanghai 200240; 2. Shanghai Botanical Garden, Shanghai 200231;
3. Shanghai Engineering Research Center of Sustainable Plant Innovation, Shanghai 200231;4, Key Laboratory of Urban Agriculture(South) ,
Ministry of Agriculture,Shanghai 200240;5. Bor. S, Luh Food Safety Research Center,Shanghai Jiaotong University,Shanghai 200240)

Abstract: Utilizing 7 traditional cultivars of Jiangnan tree peony, ¢ Fengwei’, ¢ Fengdanbai”’, ¢ Xishi”’, ¢ Fenlian’,

‘Changhong’, * Huhong’, ¢ Yunfang’ as materials, the flavonoids in the petals at full-bloom stage were analyzed and
quantified through UPLC-PDA and UPLC-Q-TOF MS. The results showed the existence of 15 flavonoids in the petals,
including 4 anthocyanins: peonidin 3 ,5-di-O-glucoside (Pn3G5G) ,cyanidin 3 ,5-di-O-glucoside (Cy3G5G), cyaniding 3-O-
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JLFp ALY R E

KW, K

45 Fh - H &2 1Y 22 i

., T &, X 4

CRALARL K2 BRIEIT BE/RIE 150040)

i E DGR LERHTARM R TS E KRR E B LR EAFLRE
FEA2AGRAFTHLR G YR, 4R A 5 mg/L NAA = 100 mg/L GA; & 2 9 & 3k 5 #F
FHEEBEE FAE(P<0.05);10 #2 50 mg/L GA, LB 2Ok F AL F R AL FHHY L
FHTHRBP<0.05), 2HHEGLFFHTHHAL R L FHAMERENG TR ARHS &8
WA FBEH 25~30C, ERKAEBFZ AR LETAR BRGSE 2 G LEFFHRFLERL

FH.

R L IR R BRI R R

hE4SFEKS.S681.904%. 1

Bk BEY AL E S0, BB, RYHN
BROIERTEFE TE a0 SR R A8, H 3k 55 76 [ Ak
W E SRR, T A B AR B 5%, B BT AR S
i, ERIRAR AT AL R, B Sk R AR FTAZY,
ELA T R I L 50 IR A R A A L R IR
AT AT 40 AR B OR ERTR B RE TR E
FEI R PR SR . BAREAR, kS B
MY EAE YL SRIEE AR TES LRI ERE
FF/N, BREZFRMEANEST, R 5 BREEREA,
ML IRB AR IE R T — € B, B ELAHEI
H 3k %5 (Pulsatilla chinensis (Bunge) Regel) %% H 3k
% (Pulsatilla dahurica (Fisch) Spreng) ¥ Rk 41, B
ST R VR G R B 45 b P X W & B R e, DA
Bk 2T DU R R HF P R A RO I R H A
AL FRE A AR AL AR B R S 7
1 #R5AZ*

L1 Kgesik
TR 2 FhE S SR 7 R R T

FE—IEEREMN: Q75 k. WL, SRR F 8 b Bk
W Fr R A K . E-mail : wangfeil 97539@ yahoo. com. cn.

ESTH: R EHF AHF AT F 807 A (11533018,
W B #:2012—10—17

NEFRIRFE A XE4S:1001—0009(2013)02—0065—03

KRERFER b, #E s 28w N EBRAMEY A LS
(Pulsatilla chinensis (Bunge) Regel) Fl X% % H 3k %
(Pulsatilla dahurica (Fisch) Spreng) #1¥.

L2 Bk

L2.1 FTREME FEPLER 2 FE LS HFE 1000
B PR B P BARIEFEAEAE) , 20 B 7 R PR PR, 3

WEH.
1.2.2 MHEZ R (AA) ZZ B (NAA FIFREE (GAy)

3PP R AR 2 M kBT ENE R SE3E
AR TR A R E, NRERN 2 M ELSH
FHABEH 100 KA R T, 8 HAE 25°C T IRFEARR
YRR TAA(1.5.10.15 mg/L) NAA(1.5.10.15 mg/L)
F1 GA, (10.50.100.150 mg/L) ¥ 24 h, 2 J5 &8
W A7 R ZE B K vh ik T B 2 Ei 7 2 JZ2 04K
RIS LR, B R R M T R NEE . TR
K. SIREE.

1.2.3 BB SCRRANEFATERT 2 #EkFMHTIH LK
2 MRERK 2 F H kSR B HL 100 R
-, K 2932 o 20K R ¥R B (10,15.20,25,30°C) I 7E
25 CIRET AR GBI E] (0.8.24 W AYIE/KH 12 h, 22
o PRI R T A4 2 35 5% L A WL R B F0 6 JE X
3L SR8 & 2 5 [R) b R BEBUR 1 B 7 v » g PR R
HIFhF7E 25°CIRE T RIEARIATE (1.8.12,16.,20.24 h),

glucoside (Cy3G) ,peonidin 3-O-glucoside (Pn3G) ,seven flavones:luteolin hexoside, luteolin deoxyhexo-hexoside,apigenin-

hexoside,apigenin pento-hexoside,apigenin deoxyheso-hexoside,chrysoeriol hexoside,chrysoeriol deoxyhexo-hexoside and

four flavonols: quercetin hexoside, quercetin di-hexoside, kaempferol di-hexoside, isorhamnetin di-hexoside. The main

anthocyanins in the petals of Jiangnan tree peony were Pn3G5G and Cy3G5G, and the main flavones/flavonols were

apigenin-hexoside, apigenin pento-hexoside,apigenin deoxyheso-hexoside and kaempferol di-hexoside respectively.

Key words: Jiangnan tree peony;anthocyanins;flavones;flavonols
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