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Flower Color, Pigment Composition and Their Changes During Flowering in
Chimonanthus praecox Link.
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(' Beijing Botanical Garden, Institute of Botany, the Chinese Academy of Sciences, Beijing 100093, China; *Graduate University
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Abstract; The changes of flower color, pigment composition during flowering in four varieties of Chimo-
nanthus praecox Link. were studied. The flower color was measured according to the Royal Horticultural Socie-
ty Colour Chart (RHSCC) and by a NF333 spectrophotometer, respectively. A high performance liquid chro-
matography ( HPLC) with a photodiode array detector (HPLC — PAD) and a HPLC - electrospray ionization —
mass spectroscopy ( HPLC ~ ESI — MS) were employed for qualitative and quantitative analysis of anthocyanins
and flavonoids. The results indicated that the flower color of each variety showed significant difference during
flowering. The chroma ( C" ) of both perianths decreased, while the hue angle (k) of the yellow outer peri-
anths increased from yellow to pale yellow, and the red inner perianths decreased from red to dark red. Two
anthocyanins ( cyanidin 3-0-glucoside and cyanidin 3-O-rutinoside ) and three flavonols ( quercetin 3-O-rutino-
side, kaempferol 3-O-rutinoside and quercetin aglycone) were detected in the red inner perianths. The three
flavonols in the red inner perianths were also detected in the yellow outer perianths. Cyanidin 3-O-rutinoside
was detected from C. praecox petals for the first time. Although the kind of pigments kept unchanged during

flowering, the pigment contents showed significant difference. Total flavonols ( TF) content decreased rapidly
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TERER B 9—10 B, SRERFRIFENBRMER, RABHAEHEN, TERBRA/MNLE
WIS FE, SRR ANE)S, SSHRENE, HERERECE, KEERESHBRAENEET
—40 CUKFEIRTE
1.2 #EME

et b, 20 Wang 25 (2004) i, RAXEEXEZF2HEF (Royal Horticultural
Society Colour Chart, RHSCC) #fTfE@axttb, Fl4rya 220 (NF333 spectrophotometer, Nippon Den-
shoku Industries Co. , Ltd. ) 7E C/2° Y6 F#ATHGME, S KEE, BLMEVFEL E, A
i, b &, HBEREE CHEMGHAE R, AXWTF: C7 =(a*?+b*")"*, h=arctan (b*/a"),
L3 #EMERUSEN

WEEA 3 MAREGHE.OERE, BOES., MRS ERAHERE, SHEZES (1986) B
FE:HET A, BMAEANR, MEEEEEER T EEFERERM () EHB PR H
B O A S SRS AR 0 3 G AMRERIZL (L RS IR, R0, 1 g, Sy AlinAThEE . 10% HER A
30% &K% 5 mL, MEFFEESRK, MBI, WREREE,

1.4 EWMERERNEENEE

FRER 2 mg ZE A BTt 03, AR, IMAARCY B K HIER: ZHBERR (70:27:2:1) #RBUK
5mL (Zhangetal. ,2007), BF 4 CKFETRILER 24 h, W EERHERKHEEE, 2HALEE
(0.45 pm) o3&, PAEFHFMEEMEHEE. EE0TH.

RIACRAR Y (HPLC) 3% Dionex /A A7, PDA-100 R EFEFI {3, P6SOA LPG —4 1
MR, TCC-100 (HALESRA , Chameleon 6.60 TAEM, (KL B A Tosoh Bk &k AR
TSK gel ODS-80Ts QA [RAHEERAE (4.6 mm x 150 mm, 5 pm),

IIMr St KR35 C, WiH 0.8 mL - min~', BHEEIARL10 wL, FEFE TR SRR B 5 5
2516 nm, 353 nm, WA A BOABERR: K (1.5:98.5); BIRABEER: HER: LK K (1.5:20:25:
53.5), ZHERBIEHR, /KAREEK, BER. FRR AT, RMEMEER, BFMNTF: 0 min, 40%
B; 60 min, 60% B; 70 min, 40% B,

FRUESh: 3% K 3, 5-0-#EEH (malvidin-3, 5-di-O-glucoside, Mv3G5G) T #: [ Extra-
synthese /N7]; KR%EH 3 -0 - =FHET (cyanidin-3-O-rutinoside, Cy3G) WJFEE Sigma A7]; BT
( quercetin-3-O-rutinoside, Rutin) T HZ5 S8 H A E T

EEREEBHME . 4357 HR K RILH K 516 nm #M 353 nm [FERGNETERE F (total anthocya-
nins, TA) FEHEIEE (total flavonols, TF) &, M+ TA Fl TF F9E R At F 2 8L, 7
4G 100 mg FEEIER & F RABXT FHrsEsh Mv3G5G F Rutin ) TA MITF £ & (mg,% ) (Wang
etal., 2001), ARLMEFE. RSB GIE—EWER T —FEB A (HPLC - ESI - MS)
Xof M A S AR A R AL 0 21 68 DY I B g R AR PR A B B AN R A3 AT IR T R B W R S5 4 43 AT o
{#F Agilent 1100 LC/MSD Trap VL R%5, ¥r&ft: @igtEE b; AE35 C, H#0.8 mL » min~',
HREERL10 pL. WBIAHEHR A A W: 0. 1% ZHCBRFKIER; BK: HEE, =ZHIR. FERE
W, KIWFEK, HHEFMRF: 0 min, 22% B; 20 min, 40% B; 30 min, 55% B; 40 min,
22% B, #MPK 516 nm, HEARAMFELF: O min, 22% B; 50 min, 50% B; 60 min, 22% B, %
WK 353 nm, FUisrirscE: mMEE T (ESD), BFHAE, EBFRUERX, 28FH
i, PMEE (m/z): 100 ~1000, E4HEBEE3 500 V, BIFELHES 35 psi, BAEHOEE117.9
V, THRIRE 350 C, TS (N,) ##E6.0L - mn~", fLC/MSD Trap 4 (5.2 iA) 4MH7/i%
#ZR,
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2.1 TREEEEMHARIRIHEEEN
KM NER B ECEAEAE, ZERLABEML, BEAIMBNLCAREE C
AN, BESMEEHMA LMK, NEEMKREAT MR, SONREMAM L BN, BIARRL
B AN, EFETEPRECEMSINIEERME L ESA BERA, X5RRURERM
—3, BHETM, XOBEEFLEIRPEANRE, EgREMMARERNIAAR EF
BEL, BOBBLOANRc HEUARE, XURSHERTRAERMRE (K1),
F1 TREETHEFEIEDNEETL

Table 1 Flower color changes of different varieties of C. praecox during flowering

B o) n
\%::ety ]sﬁfm f:‘\f; "RHSCC L* a* b cr B/
S A U Jham 5 Alabastrum period 6B 54.51c¢ -6.90a  46.23b 46. 74b 98.49a
C. praecox Outer perianth ¥ FEHA Initial flowering period 8A 68.02a -8.66a 52.27a 52.98a 99. 40a
var. praecox BEAEHH Profuse flowering period 8B 63.83b -7.12a  45.01b 45.57b 98.98a
A IEH] Final flowering period 8B 63.20b -7.09a 39.67c 40. 30¢ 100. 13a
e W Alabastrum period 59A 18. 24ab 6.37ab  2.15a 6. 72ab 18. 69a
Inner perianth  #J7EH Initial flowering period 59A 14. 24c¢ 8.26a 0.93a 8.31a 6.44a
BIERR Profuse flowering period 59A 20.94a 6.59ab  2.38a 7.01ab 19. 85a
FAEHR Final flowering period 59A+ 17.07bc 5.68b 1.29a 5.82b 12. 80a
Fiyhe Mg s #HHR Alabastrum period 10B 61.22b -8.81a 53.07a 53.80a 99.43a
C. praecox Outer perianth  #J7EHH Initial flowering period 10C 64.63b -7.79a 44.27c 44.95¢ 99.98a
var. intermedius BEAERA Profuse flowering period 10D 69.37a -8.70a  48.76b 49. 53b 100. 12a
AAEHA Final flowering period 10D 63.91b ~7.16a  36.12d 36. 82d 101.21a
ot 3 EH Alabastrum period 59A 22.94ab 5.70b 11. 73a 13. 04a 64.09a
Inner perianth  #{EHH Initial flowering period 59A 20. 88ab 6. 24b 2. 46b 6.71b 21.55b
BEIERE Profuse flowering period 59A 23.79a 8.0la 2.51b 8.39b 17.43b
KIER Final flowering period S9A 19. 96b 7.10ab  1.87b 7.34b 14.77b
B SR ) Alabastrum period 7A 64.38a -6.40a  59. 16a 59.51a 96.17b
C. praecox Outer perianth  #J7EH#H Initial flowering period 12B 61.57ab -7.52a  56.53a 57.02a 97.57a
var. grandiflorus BIEH Profuse flowering period 12C 62. 46ab -7.38a  55.46a 55.95a 97.58a
F LR Final flowering period 12C 60.72b ~7.44a  48.85b 49. 42b 98. 66a
ISF: o #H Alabastrum period 59A 21.24b 10.43a  10. 54a 14. 83a 45.31a
Inner perianth  HJ{ERA Initial flowering period 59A 22.27b 11.78a 5.36b 12. 94b 24.47b
Bt Profuse flowering period 59A 27.34a 10.50a 11.33a 15. 45a 47.17a
AT Final flowering period 59A 18.75¢ 11.60a  3.86b 12.22b 18.43b
RO S W Alabastrum period TA 61.71a -6.44a  59.05a 59. 40a 96.22a
C. praecox Outer perianth  FJIEHH Initial flowering period 7B 62. 88a -6.63a 54.97b 55.37b 96.87a
var. concolor BEAEH Profuse flowering period 7C 65.23a ~5.57a  53.70b 53.99b 95.92a
A 1EH Final flowering period 7C 61.82a -5.85a 47.09¢ 47, 45¢ 97.09a

H&: a, b, c RREEHLE SNK KT P=0.05 KFTHRRAEEMXER, n=5,

Note: a, b, ¢ show different significant difference at P =0. 05 level in SNK test. n=5.
2.2 T EEHEMEERNHINERE

UK H, RO, BOEBRARESNEE/MRYERE, RUEBPEALER, 8
DM AR A AR E RGO, ARCREHEFTERMNEAMEHFEANABCREM
B, XERELMEF LT TMRET, AmBNRT, ZOBE. 80 EmmsRilf %o
BERES, RPRTIELENE MR, BOBBAMREENIGHNRYTEE, BRELBFAR
FHENE MR (R2). HKEFRULMRAGER, SEGTHECIIMNEEOEAREMMEHE b
R, 406NMIEGENXERMETE.
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Table 2 Color reactions of the flower pigments of different varieties of C. praecox

G i ARl B Kk
Variety Position Petroleum ether Hydrochloric acid Ammonia water
YR sE4E C. praecox var. intermedius 4} Outer perianth 1% 3 Pale-yellow F iR Not test # Yellow

P33 Inner perianth XA, Colorless #T Red 42 Yellow-green
B84 C. praecoxvar. grandiflorus 4b38 Outer perianth & Pale-yellow A 3R Not test #H Yellow

A Inner perianth Jf8, Colorless 4 Red 4 Yellow-green
BB C. praecox var. concolor #h3 Outer perianth R # Pale-yellow F IR Not test # Yellow

2.3 HIEHBEEHNRERE

% HPLC - PAD 53#fr, NIRIBSAGAEM & FF LR B 0 B (2 SMRTE 353 nm AL 4G 3 M HERL A
Y1, LLENEEST RITE 353 nm F1516 nm ZhHRGH 3 PR EEL S YR 2 RESTHREE, KHEES
TR E R AR TTIEME, AEMBREESR, Hift B 7 EasMRP EH X ER, ma
BRRAENEFFARERNESY (F2),

it ARNAFEEN, ERARSBEENWEARMITTT HPLC - ESL - MS /347, Fii
MR R R ARIE A G ARFITET RV (BEEFTSESIA 104%), RS EEATMHEY
R ASMRIT IR BHE0T (BEFRESESEL73%),

33044 % Peak a2 6004 B Peak f1
a2
300 500 | fa
20 400
2% 200 -
iz 100! %% 300 100
g 15074 200 300 400 500 600 700 800 £ 2 200 300 400 500 600 700 800
gL 100 # H/nm Wavelength §§ 200 - | Pi4/nm Wavelength
[a%
100 1
501
v)
0+ 0 _J.LL N L I J\B
e ‘ : 100 e, o
0.0 100 200 300 400 500 60.0 70.0 00 100 200 300 400 500 60.0 70.0
{24 B} a) ' min  Retention time RS R$i/min  Retention time

2 EREREMEEERY HPLC @it
A EFH (516 nm); &2 M REFRI -0 - =FEHTHLEKEHA;
B. Bz (353 nm); fl & #AK3 -0 - EFFETFMERKAME.

Fig. 2 HPLC chromatograms of flower pigments in C. praecox var. praecox
A. Anthocyanin profiles, detected at 516 nm and the UV-V is absorbance curve of cyanidin 3-O-rutinoside ( peak a2) ;

B. Flavonol profiles, detected at 353 nm and the UV-V is absorbance curve of quercetin 3-O-mutinoside ( peak f1).

WEFAF A RAR AR, £FH al, £ RABHIFTEFm/z448.8 ([M]Y), B
HEAEF mz2286.7 ( [Yo]7, Yo RHIR), HREHHIT (Cyanidin, FFR Cy) BISRMERFIL,
m/z448.8 ( [Cy +162]") SRFHCHE -, HEHFHESM ( Fa, HREBY W
REHIY) 96 FIEFH A fEX B (Zhang et al. , 2007) hEKFEHE 3 - 0 - WA HHLERS
RIS SR K 38— 3, W REH R 3 - 0 - HEEH .,

HEH 2, 2—HAERHNTTETF m/z2594.9 ( [M]'), BREHEAET n/z 286.8
CIYo)™), IREH (Cy) HIUMFHERAIL, m/z2594.9 ( [Cy +308]") SREHEEHET—
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B, fEREREMEARREE LSRR RES 3 -0 - EFRTRMY -, EEARESR
3-0- =ZFH

3 @SFEEMHIE SR HPLC - PAD, HPLC -ESI -MS S R R &1t E
Table 3 HPLC - PAD, HPLC - ESI — MS analysis and identification of flower pigments in C. praecox var. praecox

TREnta] bl (H) 5T FHET
@ min /(m/2) BB/ (ns2) SR S48
Peak Retention A ( Quasi-) molecular  Fragment ions Identification Reference
time ions
al 6.3 280.0/515. 5 448.8{M]* 286.7 REHFEI-0-FEEYF  Vinha et al. , 2005;
Cyanidin 3-0-glucoside Dueitas et al. , 2008
a2 7.3 280.3/517.0 594.9[M]* 286. 8 REFEI -0 -=FHYH  Kammerer et al. , 2006;
Cyanidin 3-O-rutinoside Manhita et al. , 2006
fl 15.5 255.8/353.0 632.9[M +Na]* 464.8, 302.7 WEE3-0-EFHH Iwashina et al. , 2001
Quercetin 3-0-rutinoside
2 23.7 265.0/346.2 616.9(M +Na]* 448.8, 286. 8 W=/ 3 -0 - EFHEHE Iwashina et al. , 2001
Kaempferol 3-O-rutinoside
3 38.6 254.9/365.7 303.3[M+H]* 303.3 it 2 £H JT Quercetin Hakkinen & Auriola, 1998;

Alonso-Salces et al. , 2004

REMLEY 1 BG—REESTERREDTETH m/2632.9([M+Nal]®), BHHEAHT
m/z302.7([Y,] "), MR BRI URARERAT L, MR R A R EE T4 m/2 308, WISEFERE
i, ETEAR BRI AN S SR KRR SARMER 2T B, HERE {1 MR R 3 - 0 - ZFWEH

&Y 2, Z2—HENEMTREES TETAM 26169 ( [M+Na]"), BHHBFRERAIET
m/z286.8 ( [Y,17), m/z286.8 5ILIZBHIARR B R FAEBA L —%, MRABESMRUCHE T H N,
Wi Ze iy B HRE T K 276265 nm i, RBERRHEH RLZA255 om A8 (FERZR L BZAYH
KA ETI R EmIE, 1981), FS M Iwashina 5§ (2001), #EE 2 WEHITTAHILER, BHEN
BB MPEE R T m/2 308, AEFRH . BGHEE 2 Fli&RM 3 -0 - ZF/HEH,

&Y B3, BUEHERE LA m/2303.3 ([M+H]"), m/z302.3 N RBEITTHRERM L,
g B RO,

WM AREEIOGCRAREHR 3 -0 - ZFHH, SIMEPETEROORNST AWK
R3-0-=FHHE (H2), KNI EESHBAH M S 70% | 85% LA E (B#ARIIEH)

2.4 FRAEBEMEFEIEFEERSENEL

4 A B RN G OB SR IR S B WA C praccoxvar. praccox
WA BB I, RIS R TR, 75 PO o v il

1.6 O & LM C. praecox var. concolor

eIt RER (B3). RELCHARKRCH
fash, HE3 MEHEMNIANESHRES
B AR RS s, NEHEmEY TR
BEHRK, ERTTHEZRABT IR (B4),

HEHELE %
Total flavonols content

SRR RSN AR AT TS & 00 T wmm  mm M
TGP URRTE , WA SRR S F B 7 Y icd fowering floverng loweing
Bt (E4), BERMZEMES, ZokS period  period period
OFE SRS R, Hre PR B R s B3 ARBREREFELRDRENR
2, MRS E B R M 2T 5 P A R & AL

Fig. 3 Changes of total flavonols content in different varieties of
HHRY
e C. praecox during flowering
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M EHEJEAS A C. praecox var. praecox
0.8 O ¥EkEME C. praecox var. intermedius
- B B O C praecox var. grandiflorus

@K

1’7

VA

= 5
d 5 . o 5
Sg 06 8 10
E 2 0l po é 08
gg &2 06
BE i
b & o2t fes 04
e I I e 02
e ma
= 0.0 S 00 .
BH  ON BEH KEH Y 9 BIEM KM
Alabastrum Initial  Profuse Final Alabastrum Initial ~ Profuse Final
period flowering flowering flowering period flowering flowering flowering
period period period period period period

B4 TRESTHEFEIEPLEABEERSENTN
Fig. 4 Changes of flower pigment content in different varieties of

C. praecox during flowering in red inner perianths
3 g
31 WM EEEERRE

5j Iwashina 5§ (2001) XT#SMAET RAMTAERAFRNZE, AR K AEREH X EER
TARBALRESR 3 -0 - HEHE, MEXRFEHERI -0 -=FHT . BATEREEE L REEREMN
FOBMERINSFETRELES 146, BIRREFRMA T al B2 WEERRMEBRE (XE1.0
min), MAREBLHRESR 3 - 0 - FEFH (R 8 of =W 5] B HEE  (Kammerer et al. , 2005;
Manhita et al. , 2006; Duetias et al. , 2008) , HZ#H4y a2 74P 290 ~ 340 nm I+ 75 FE A To B 0E R e,
FINRME LS FBRBEL (Fossen & Andersen, 1998) . FJ5 SRR ES 3 -0 - ZFMEHMIL AL
SHTHE, FIEFERAMKRET LY E, #—BIFLNREH 3 -0 - ZFEH.

BRI 4 NERNRENLLER, AREHRI-0-HEREEMRFERE 3 -0 - ZFEH; 5
WMAFEROOAEIMEER 3 -0 - ZFRT, HANRESEWAR BT & HAHER M 6T
BEFEER. 75, HOUARAR B HLEMMEH S NE (Ivashina et al. , 2001), FFEHEA
RN, EERa/MECRTSANMBIREELEHE PR, MHEARMAEE, ARESEiHE—
S5
3.2 HETUNEERHN

TSRS, S TEETMRARFERAUE, NEREERETHERL, BEEIEN
SERE S BIEE LR KT ZE T, XRAEEINRIAZHER, FARH TFERABEPaE
HAMKREZN, MRESARSRTHERMAX. AR SBEAFTRER M TRA G REEH A/
=RF, SIEAERWBERME. H5, HRERMNYT KBEELAENEREFEER, WilfETsun
NERERSE TR (KHFF, 1986),

3.3 HBEYREMHATERE

SETELFITIN, B, &M, BHARFHEANEAEOL, WREFRACHNF
R, BFEELENEIGHE, BBASAEREHERT (O BER) HENREHESE,
BIETERENRPRE, MIELAIEIENSTEMTEHR BRI XENEZ — R ORELRI6 L
B —E, RS ERE A RS RN, MRS Cy RERARMIER, 6k
EHARGINE LR, EURLEMHE, HEREEAER AR RE T HOERASHIan
JRPIZH (Lasseigne et al. , 2001; Thi%§ %, 2007), MERXUXEREE (BL6) ShEEE
B (BEE) AEMAE SIS, BB MBI BREE— TRt &R
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KBS R AR P SO RS M O AL (PR B AL E A R B MR, SMEERBAIR, B, TR
FRX BN AR R 9 B AR B 40 60 R AT R R o
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