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Abstract: The components and contents of flavonoids in flowers from three species of section Chrysantha Chang in Ca-

mellia including C. nitidissima, C. impressinervis and C. chuangtsoensis were qualitatively and quantitatively analyzed by
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ultra-performance liquid chromatography quadrupole-time-of-flight mass spectrometry. The results showed that fifteen fla-
vonoids were detected in flower from three species. The flavonoids including pelargonium-3-0-glucoside, luteolin, luteo-
lin-7-O-rutinoside, quercetin-3,7-0-diglucoside, narirutin, eriodictyol and genistin were identified for the first time in
section Chrysantha Chang, and quercetin-3-O-glucoside, quercetin-7-O-glucoside, quercetin-3-O-rutinoside and
kaempferol-3-O-glucoside were identified in flowers of C. impressinervis and C. chuangtsoensis for the first time.
Catechin, epicatechin, quercetin-3-O-glucoside, quercetin-7-O-glucoside, quercetin-3-O-rutinoside and kaempferol-3-
O-glucoside were the main flavonoid components of three species. Pelargonium-3-0-glucoside was the endemic compo-
nents of C. nitidissima, and quercetin-3,7-0-diglucoside was the endemic components of C. chuangtsoensis. Luteolin-7-
O-rutinoside was mainly in C. nitidissima and C. chuangtsoensis, and luteolin was mainly in C. impressinervis and
C. chuangtsoensis. The main flavonoids types in three species were catechins, quercetins, luteolins and kaempferols. The
contents of quercetins, luteolins and total flavonoids in C. chuangtsoensis were far higher than that in C. nitidissima and
C. impressinervis. Catechins in C. impressinervis and C. chuangtsoensis were higher than that in C. nitidissima, and
kaempferols in C. nitidissima and C. chuangtsoensis were higher than that in C. impressineruis.

Key words: Camellia, section Chrysantha Chang, flowers, flavonoids, ultra performance liquid chromatography qua-

drupole-time-of-flight mass spectrometry ( UPLC-Q-TOF-MS)
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U 25 J& ( Camellia ) 4 16 2% 4 ( section
Chrysantha Chang) 18 ¥ 4t 2= 24 8 8 (2 8%,
1993), & A £ B & MW BT, 0 & 4k K (C
nitidissima ) {62 W & A KB 28 2 W M e
FEETH PRI (He et al. ,2017) , HA eI (2 2
4 2013) Y%A AL (Song et al.,2011) FI i g 45
AL (Lin et al. ,2013) X 4 46 2% 288 380 I 45 16 P
SrPIBRIEFEA R T TT K 25 A A, 42 = &8 5 Al 4w
H BT, 446 5% 2H A8 ) 28 VR 1 25 305 2k B o3 B A0 5
B R R AT (R AR RAE 2017 ) Kol
SETTH (B4 2011 ; Peng et al.,2012) , % T H
FEHIR B A B 1 SR ARRAE AN T R A K b R
il 5 SIS BRI B B TR AR

Wz 8 e AE A 30 Z YR e X i 6
(B =5,2014) , KT EAEE AL A7 B A
FRY], B AP S AW R L ZEm %
T J 53 (220645 ,2011) . HHT, G A6 A W) A6 %
VIR 5T R FEEE T T E(Qiet al.,
2016;He et al.,2017) , HA KA 5P i AR 6 2
Mbk 45 46 2% ( C. impressinervis ) | 5 7 4 46 4% ( C.
chuangtsoensis) {6 B2 o e, L HELE ST
AAbE R, HEA WEF LN (s
4,2014)  RERHCEE UL R AR, \TH T &
SACZR IS 7 i, ST AR 5T A R e K

YRR 33 — DU AT — AT RF 1) 5 35 1B FH B AR X <3
A8 MK 43 A6 2% 0 553 7 4 A6 25 A e P 28 0 R S o3
LA AT o3 A, BIF 50 DG 26 o ) 0 19 22 S K
AR, LAY O 4 46 235 21 A 0 B A O K R
TR 2

1 M5 7 &

1.1 ##t

TRI AL A LS 4 AR 2% A ) 4 AR 2% L T
K G LSS TN 5% A2 A AR 2%, SR R T b [ Aol B 2%
FEBE W AT MO A 55 7 LU 5 9 %, B B
FARBL— BOE PR 5 B, B bR BUR e 41 B e T A 2%
BRI WA AL o= 45 3 2,
1.2 7%
1.2.1 T4 BUBEAES: 0.6 g, AT 28
K, ¥ M8 Hashimoto et al. (2002) B 75 2= fin F i -
K : B 2 THF(70 : 27 = 2+ 1, R LE ) S U 2
mL, 24 24 h J5 ] 0.22 pm 38 IS I8 I8 AR AT
TE-20 °C VKA % FH ( Wang et al.,2004) ,

R FH A 3 AR % — DU AR — AT B ] i i
I R A XS A 24 v 28 B I B 3 16 AT M S = O
Mr, £035 ACQUITYTM UPLC I-Class # 15 2% W AH €4
I & 4t ( Waters Corporation, Milford, MA, USA ) ,
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Xevo G2-XS QTof MS Ji % &R 4t ( Waters
Corporation , Manchester, UK ) , {4 3% 4 & ACQUITY
BEH C18(2.1 mm x 100 mm, 1.7 pm) . %ii# 0.3
ml - min™ | JEREE N 2 wl, W EIAH:0.1% H iR K
W (A) MG (B) . VEBEAEF:0~1.5 min, 5%
B;1.5~11 min, 5% ~40% B; 11 ~ 14 min, 40% ~
95% B; 14 ~ 16.5 min, 95% B;16.5 ~ 16.8 min,
95% ~5% B;16.8~20 min,5% B, J&J¥E K 40 C,
FL 5 55 FL B B R (EST) , 1E B PR B 1 R
JE 120 °C, i ) AR Sy e 4 /A IR
450 °C,HE K 600 1 - b, BN HLE N 1 kV, HE
LR 40 V, HI#EERIH 50~1 200 m/z, {KEE
EERE RN 6 eV, & At E R R 20 ~
45 eV,

1.2.2 ZE5H  FRUESH R M & -3-0-8 4

BEH M B 3-3-0-25 75 0 1 Mt B2 3R -7-0-41 % Bl
O ZEmy I ZE-3-0- M A R R X
BOZE AR R R A4 35 K 3-0-8 A M A T
sigma A Al 3 2 R W T 11 2235 S 00 B R 4y
BRRAF LA R MEILA R T R EEF
HABRAT . At aliE=98%, @ LA
R ORILER KREHR MR M R-3-0-4%
B i 3R -3-0- 27T | Ll 28 A LL 28 187 -3-0-
HIATWE T 55 8 b 28 W b o il 2R F 47 TR
(1), 875 H R 98 K -3-0-1 %5 5 1 #e IR 24
BRI LT M, KRB ZR KR EHE-7-0-
A ML R -T-0- M A MK R -3,7-0-—
WA R MR YRR AR T A
S T e FE A 2 2 -3-O -7 20 W s v il 2R 45 20
i, RS KRR &,

®1 8 WAEMIRAME

Table 1  Standard curve of 8 flavonoids
?ﬁﬁ&@lﬂ_ it £ R Lﬁ%iie
Flavonoids Standard curve (pg - mL™")
JL## Catechin y=13 588.8 x+101.611 0 0.999 5 0.001~50
# LK % Epicatechin y=16 379.2 x+77.544 0 0.999 3 0.001~100
RKAEHE Cyanidin y=164 456.0 x—126.993 0 0.999 2 0.000 4~20
M 2 2 Quercetin y=137 494 x+117.657 0 0.999 7 0.000 2~10
Mt B Z -3-0-F A HEHF Quercetin-3-O-glucoside y=19 209.2 x+51.142 4 0.999 3 0.001~50
Hit iz 25 -3-0-Z= F B Quercetin-3-0-rutinoside y=45 456.4 x+116.378 0 0.999 1 0.001~50
I ZE W} Kaempferol y=139 645 x+163.864 0 0.999 5 0.000 2~10
1L ZE}-3-0-F B Kaempferol-3-O-glucoside y=21 177.9 x+53.684 8 0.999 3 0.000 2~10

2 HREH A

21 =MLUEESHEZAEYMEREXEREE
FIFH UPLC-Q-TOF-MS Xif = Ff 1l 5% J& 4 16 5%
LA P AL o 25 8 A R 4y AT M A A, AR 3
UPLC-Q-TOF-MS il MS &3 | 2% #H & SChik , % 4
F B HEAT AR S JLAS I B 15 A 28 B AR
Sy (), HOFE Al W3 2, 15 P 2 i % 4
W BRASAY 3 LA 4 TS 13 A, Hidgk 12 i

PRt o XF LUARUES , B4 1 AU 2 43000 o LS
EMEILEZE, B0 3 BiEEdE o 81 m/z
595.17 W K B8 F m/z 287.06, 58k 4 K 55 (2013)
Y AR R B -7-0- 25 T W 45 R AR, 4k e LR
KRBFER 7-0-25F 0 H ; L4 8 Bk B4l o 1
B m/z 287.06 , 1 7 B F m/z 153.02, AR 45 b5 i
LB 218 0 B NN R D 3 ol O 17 5 /L e ==
F m/z 43311 WEF BT m/z 271.06 , AR 4 bR 1 i
WG H R KA ZEE-3-0-H A M

B 4 BOE BRI B m/z 627.16 1
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three species of section Chrysantha Chang in Camellia

HPLC chromatogram of flavonoid components from

B F m/z 303.05, 5 Ceska & Styles ( 1984 ) % 5 #i
B 2K -3, 7-0- ) % Wi H 25 SR AR [A] 4k 5 L R i 2
K-3,7-0-F B 6 e bR oE S, o 5o
7RG 12 R 14 43 00 R Wi R R -3-0-25 A
B FR 3075 2 W M 2R -7-0 - A R
Witz R, HARMES B RS 10 RSy 15 R il 288 -
3-O- A M AL 25/, BT 9 FIAL A 11 R 35 BE
R ML, bR U i B B4 13 5035 S ds
M FET m/z 43311 R B F 8 m/z 271.06,
525 ESF (2010) 208 YU R 1 45 AR R, 42
HM YRR H

22 =MLFEEE X AEY AL LXEMSE

RPN R S AR AR AL S 2

®2 ="MUFEERFAEMLEWRIELHE
Table 2 UPLC-Q-TOF-MS data of flavonoids from three species of section Chrysantha Chang in Camellia

Ay Rﬁ%”“ﬁ ST WY T FEH S 2
Component elention lime Molecular fon Fragment fon Flavonoids identification
(min) (m/z) (m/z)
1 3.56 291.09 247.06 JLZE#E ™ Catechin
2 4.51 291.09 163.03 FILKZE * Epicatechin
3 4.72 595.17 287.06 AR BRF K -7-0- 25 F W Lteolin-7-O-rutinoside
4 5.13 627.16 303.05 Wit Kz -3, 7-0- A2 TF Quercetin-3, 7-0-diglucoside
5 5.77 611.16 303.05 Hif e 2 -3-0-25FMEAF ¥ Quercetin-3-O-rutinoside
6 5.82 433.11 271.06 RAEFEHE3-0-HEINEH * Pelargonium-3-O-glucoside
7 5.93 465.11 303.05 Wil iz Z-3-0-# % B H * Quercetin-3-O-glucoside
8 6.07 287.06 153.02 AKJBEEZE " Luteolin
9 6.40 289.08 153.02 X B E * Eriodictyol
10 6.54 449.11 287.06 LI 251 -3-0-F E BT * Kempferol-3-0-glucoside
11 6.63 581.19 427.10 2EF M HF * Narirutin
12 6.77 465.10 303.05 it 3 -7-0-F % BEEF * Quercetin-7-O-glucoside
13 6.80 433.11 271.06 FeRIARTF Genistin
14 7.08 303.05 289.07 Wit E ™ Quercetin
15 9.39 287.06 153.02 I ZE® * Kaempferol

" AR O R Y

Note: * represent the standard control compounds.

W3R 3, SbZ & HIS S 1% DL
FARB 3L 8 B, Horh RILAS R Mt i R -3-0-45 %)
Wi R R B R -7-0-25 F b 40 00 33.98%
26.16% 1 11.60% , 511 71.74% , M1 ik 4= 46 2% b

FRBG 7 T, RILE R Mt K -3-0-7 24 0 H A
Mz 22-3-0-25 B M1 20 il 5 42.45% ,26.05% Al
12.38% , &1t 80.88% , 5% /- & 4E 745 ER M4 11
v M e 2R -3-0- R A RIILE R MARRER
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Table 3  Contents of flavonoids in flowers from three species of section Chrysantha Chang in Camellia (pg - g")

S e g L ) e L 2e A LA

F T SN I Ik 4 £ o L s fe o 3 o LB

Flavonoids C. nitidissima roportion C.impressinervis toportion C. chuangtsoensis toportion
(%) (%) (%)

ILAER 17.92+0.70 5.32 26.09+0.46 7.27 38.88+0.94 6.99

Catechin

FRILKE 114.38+1.35 33.98 152.29+6.47 42.25 132.90+3.43 23.91

Epicatechin

RAESEZ 3-0-F % i 15.45+1.23 4.59 — — — —

Pelargonium-3-0-glucoside

KRB Z 0.250.02 0.07 24.00£0.83 6.69 62.53£2.11 11.25

Luteolin

KRB K -7-0- 2 F W 39.04+1.47 11.60 0.03+0.00 0.01 16.91+£0.57 3.04

Luteolin-7-O-rutinosid

it iz & — — 0.02+0.00 0.01 0.07+0.01 0.01

Quercetin

Wit Kz 3 -3-0-7 4 0l 11 88.05+1.16 26.16 93.46+6.39 26.05 144.85+7.23 26.06

Quercetin-3-O-glucoside

it f e -3-0- = F M 33.60+0.36 9.98 44.42+2.16 12.38 35.36+0.75 6.36

Quercetin-3-O-rutinoside

Hil Kz 2% -7-0- 4 B WE 6.92+0.18 2.06 6.02+0.17 1.68 50.01+1.27 9.00

Quercetin-7-0-glucoside

Wiz 22 -3, 7-0- A A WA — — — — 32.31%1.12 5.81

Quercetin-3, 7-0-diglucoside

125 0.44+0.02 0.13 0.61+0.01 0.17 0.59+0.02 0.11

Kempferol

LI ZE W -3-0-H A HE T 16.99+0.41 5.05 10.07+0.94 2.81 14.39+0.83 2.59

Kempferol-3-0-glucoside

S B AT 0.17£0.02 0.05 0.24+0.00 0.07 6.84+0.13 1.23

Narirutin

XHER 1.06+0.05 0.31 1.27+0.05 0.35 16.60+0.51 2.98

Eriodictyol

YobbR T 2.33+0.08 0.69 0.24+0.01 0.07 3.53+0.16 0.63

Genistin

41t Total 336.60 100 358.75 100 555.77 100

E: =" FRREEN, TR,

Note: “—” not identified. The same below.

26.06% 23.91%F1 11.25% , 5114 61.23%, JLZE
R RILAE M £-3-0-7 4 BT M iz % -3-0-
ZERPEAR M 707 4G BE A Ll ZE W -3-0-4
PR = AP A A AR A R A2 -3-0-
BB H B AEA R A M R -3, 7-0- 4 45 0
WRSELE SRR RBFERT-0-ZFWH £
BRETEHERMBEL SR, RBREER FELF
FE T MUk S AL S A A0 2R

=ALZRE S AL R AU AL S R S R
IEEGBMEEAR BEEGHRILER G &
I3 R A AEZS FIMIIK G AR 1Y 2,17 A5 1.49 £%,
SEAEEGALAS TR B R R O O Mk 4 AL 2% 2.61

£, AR PR B Z-7-0- S FHIT S BN A
BAEA 2.31 5, =AW A i e R -3-0-25
T A 22 AN, AR 2% R M Jik 4 A6 45 v i e
B -3-O- i AW T R Ez 3 -7-O - 46 B 11 & i AH 22
RK A AL T M R -3-0- A WH TR NS
FEAS RNk 42 LSS 1Y 1.65 %5 1.55 4%, M e & -7-
O-FH B WE T Ay 4x 46 25 AV Bk 45 48 25 19 7.23 15
8.31 i, BALZRMNGE AL A AL A T 1L 251 -3-0-7 %)
BT 2 BN MK A AE A5 1.69 A5 A1 1.43 £,
23 =MURELEFTHEYERLEMY L
P ZRR A AR AT A W A6 s v 2 B o)
SRR 4, HERWEI I FEAILERE ALF
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Table 4 Classification of flavonoids in flowers from three species of section Chrysantha Chang in Camellia (g + g)

Nyp— -+, 14 e .4 - - 14
Flfifimds Camell%ﬁfifiissima ProLy[fo{iJion Cllzlgjl()r%fzsjfzf;w ProL}Eo{ftJion C. %hﬁijijﬁus PrnL][foﬁrtJinn
(%) (%) (%)
JLEZEZ Catechins 132.30 39.31 178.37 49.72 171.77 30.91
£ %2 Anthocyanins 15.45 4.59 — — — —
ARREZEZ Luteolins 39.29 11.67 24.02 6.70 79.44 14.29
Hit Bz 2% Quercetins 128.57 38.20 143.92 40.12 262.60 47.25
INZEM 28 Kaempferols 17.43 5.18 10.67 2.98 14.99 2.70
HAlh Others 3.55 1.06 1.75 0.49 26.97 4.85
A3 Total 336.60 100.00 358.75 100.00 555.77 100.00

FHR ORBRIRIE M RIS D80 2 H A 26
Rl SR & B KRR N LIS R 28 M iz
REM AR B F R I, oo oh H 28 iR &
39.31% 38.20% 1 11.67% , i1 89.18% ; Hoik Hy
INZSM 21 5.18% FIAETH RIEM 4.59% , Mk 4
EPILERRE MERLEMARTERE S
49.72% 40.12% 1 6.70% , &1 96.53% ; 11 Z5 2
H2.98%, SEAGAEA MR R LR REM
KRB EZ G 47.25% .30.91% Hl 14.29% , &3t
92.45% ; INZEM 2K 2.59% , 7] W, =AYy Fhdr 2k
B AP I F B IL AR RS M R ORFR B
R ZEm 2,

SIS AT AL A IS H Bl 555.77 pg -
g I T A A AR K 4 AE 25 1Y 336.60 pg - g
F1358.75 pg - g, 4r ol R H 1.65 f5 A 1.55 £
Mk AL MG SR TILE R LSRN
1.35 f5#01 1.30 £5 . G220 AEATh R B B R 2531
R ARSI A AE AR 2.02 51 3.31 £%, #it J2
RRNEIAMIMPREAEATH 2.04 £5F1 1.83 £%,
BTG BACT AT I ZE B I & & 5k
Mk 4 AE 2B 1.63 51 1.41 15, A WL, 272 448
AL e RIS R R B RS S B S Y
378 55 T 4 AR A5 RN IUT Dk 4 A6 A%, 10 4 46 45 A YD ik 4
AR 22T AN K MUK A AE A5 R 52 22 G AR 2% b LS
RER TR, A ME LS P ILZE

Fm T Mk ER

3 WikE 4w

ARG I R v A5ORA €3 — DU B AT - R AT I
[ 03 3 P B AR = Ff LU A% I8 4 A6 25 AL ML W 46 2
PEATEME S = e M, SRR I B 15 b 28 R AL 4
Forp LA R 2 Fh AET R b Mtz R 25 Fh
INZRE S 2 F RRRREZR IS 2 P 25 F Al B 11 46 I
Moy 3 Fl, A5 AR HE S B SE T 8 R AR UE
B 2R 04T 288 B I A 0 A2 0 BT, R A 98 3K -3-0 -4
TR i IR 2% 4 3 b ofie il 2R HEAT 20 W, b
2 1) S 95 A i 53 e REME B2 25 -3-O -85 46 0 s oA
Mt T T, I E R 5 W ARME R E I 2T 8
FIFAS 45 B0 2 B B 78 b o B £R O R JE LY, R?
£ 0.999 LI, AR50 T A 37 A 38 i A 43 S
OIMT T RE A RUE A B,

ARG I E 1 15 Fh 28 B R B o v K AL 98
R-3-0-H A AR R KRB EER-7-0-XF W
T M -3, 7-0- i B S A R
FORGRAR A 7 Fh TR K5 3 R S LA A
P e R g B, o R A 3% R -3-0 -4 A (AT
T E AR AL 2, M i R -3, 7-0- 4 2 4 1 (L
FEET S22 A R BB B2 1 BA7 78 F M ik
SR MEE L ST, KB E-7-0-25F
FEAET AR ME LI T, =FMIlZ)E
G AL LA AT 1 3 R B A3 Wi 2 22 -3-0 -4 46
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M 3 -7-0- 8 20 M 2R -3-0- 25 A AN
Ll Z8 5 -3-0 - #4508 1k & AL % A6 2% vh 2 BB
Wy (F 545 20115 Zhou et al.,2013) , {H HAE 1]
Jik G AEAS RS2 22 B AL AT A6 2% 0 1 2 Bk B IR 4G
(He et al.,2017) .

KA R -3-0- M AT S 24 @l 2R e o
FHE A AL T A 4> (Li et al.,2007,2008,2009) ,
A Kz 22 -3-0-7#) %5 W5 1 M B2 3R -3-0-2 A W N
Wi e 22 -7-O-H AR T S M i R SRR 2
B (0 09 25 ( Hwang et al., 1992 ; Sangwan et
al.,2015) , AHBFF MK A 655 SR A2 S AR A b ok
W Bz 2 28 o L 2 R Ol R 40, 12%
47.25% , 15 T 4 AL A5 46 2= TH 9 38.20% , i W #iit 1z
RBTINMPK SR S ESIR B E AN
B E NS, M R -3-0-F A B A B £ -3-0-
EEMEEAE = A S AET Y Bl AS UM X A
fe, T L 5 2B S A LR e, WS AE 4
TEASAE 2 TP} Bz 3% -3-O- 7 46 W 4T & L A0 43 H 3
i, A AE S RN I bk 42 46 2% vh i e 38 -3-0-74 44
T EAE S AR T RILAE, Uh I 228
o H e 22 -3-0- M A HE T & o e S AL R b 2
MR EEOR W, LS5 A SR
FELE I AR —F( ( Hwang et al., 1992; 5 5 AF K,
1997) o =AEAEFYFI D R A SRS H O
IR, BRI 2 28 -3-0-7 4 W5 17 7 o B 3L 7 28 2
K P B R A1, G4 70 A AR 2R AR SR 28 R B
T A AR Mk & AL 2Rt nT B e R A

G ACIR URE ) 5 A 2B S50 PR 4 ( Tan-
aka et al.,1998) , H.AG 41| I ( Peng et al. ,2012;
Lin et al.,2013) [ I B ( & 245 ,2013)  PiéE ik
(AT 1R%5,2015) B O I 45 F0 A G0 328 ) 25 4
PRI (He et al.,2015) , Mk L2 527 &AL
KA R R E S B m T &R, TS AS
TEA AL S B T S 6 v, T AR i 2 )
BEE, FHILRA T Z MR, IR SR
2K ¥ I R G b k) AT IS 2 R R
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