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Petal pigments of eight wild Lilium species native to China

GUO Hong-fei,ZHANG Yan-long,NIU Li-xin,LUO Jian-rang

(College of Forestry s Northwest A&F University ,Yangling s Shaanxi 712100, China)

Abstract: [Objective)] This study explored pigment composition in petals of eight wild Lilium species
to provide theoretical basis for Lilium breeding. [Method) Qualitative analysis on petal pigments of eight
wild Lilium species (3 with orange petals and 5 with white petals) was conducted using specific color reac-
tion and UV-visible spectrum. The contents of chlorophyll, carotenoid and flavonoid were determined by
NaNO,-AICl; method and colorimetric method and composition and contents of phenolic constituents were
determined using high-performance liquid chromatography ( HPLC). [Result)] There were significant
differences in contents of chlorophyll, carotenoid and flavonoid among orange and white petals. The con-
tents of carotenoids in orange petals were higher than those in white petals. Cyanidin-3-rutinoside and cya-
nidin were the major anthocyanins in petals. Nine other phenolic compounds including three phenolic acids
(gallic acid, p-coumaric acid and chorogenic acid) , two flavonols (rutin and kaempferol), two monomeric
flavanols ((+)-catechin and (—)-epicatechin),and two dihydroflavonols (dihydromyricetin and dihydro-
quercetin) were identified as well. [Conclusion] There were significant differences in pigment contents be-
tween white and orange petals. The orange petals had carotenoid pigmentation and the pigments in tepal

spots were anthocyanins. Chlorophyll a and other polyphenols maybe also have influence on petal color.
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BA EHAR (Liliaceae) H A )8 (Lilium L.)
ZAF R FOR BRARAE W), HAE S 0K 5 4B B 6
D] I 52 3] AL 48 5 T 3 00 7 R L O B A LB AR O
Z— FEE TR EAE A E AR 55 R A
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(0 Z AL T B W T SR L B 43 A 26 T
b 2 2 AR X TR AR A L A
p= N A [ T D R 7 R B el = I B Y e R
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TALHH (GO, WAk X E AN T fE
B P FR 35 DA O] 2 B 90 R i e 1B L X 2E B ST IA
LAMYB12 B:RXT N &AM LT R & WA
FPEAE R AE I 5 AR T Th AL 09 & O ST AR
LM 28 B~ R WA R 2 B 2 A B #E
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HEEA G BT H RSO, H AR
EFEE, R T ARG T, H
X E AR SR AR R S e R DA RGE .
AR SE DA AR E A TR 8 AR AR R 6
AEIE P (0 0 R AT R 5 8 0T B 8 H SRR
o A R DU O B W] A S AR R AL 3 4
BFA AR o B A R A 5 7 b 29 Bl

I N RS RN

L1 # #

X A M ER T 2011-08 WS H BTG . 2= B
panl, 3 8 A Fh, o3 i A H B A A (Liliwn
brownii) JJRYL.H & (L. regale) . H E H & (L. leu-
canthum) JR & A6 A 4 (L. sulphureum) GBILH &
(L. sargentiae) & 4 i) 4 P} (L. lanci folium) |
JIE A (L. davidii) WP (L. pumilum) ., H A5
AP Ry AR R 3 A S RS A R L
BRI &R A R RO A KA E
BRI T VE AL AR MR R 2R T A R, T 2012-
05-07 A &AL AEM Ry B4 09:00 B 454> Fib
TE 2 d B A8 T K ik 25 B R 2B IS T I K 4Rt
TRMAKE A BEEEN,E T —80 CukHifrfr.
Wik 24 h 5 A E 2R R T EIL TR B 24 h,
W OB R - R A7 T —20 CURATh 1.

1.2 BEHEEK
1.2.1 WEHBRFRER BERTH 1 g mAK

FRAMBC 1% W EEEh R (97 mL B2, 3 mL Ji &40 %
36 % MIEEAR )40 mL.4 C FEFE A 48 h J5. B
T VAR D R D 5 28 T L DB B €0, 45 ) 3 11 e
SRR G FHRTU 80 100 W RE SR R 3 28 & 25 mL,
BEAEH GO R .
1.2.2 WEXRiE BAERTH 1 g mA 2l i
40 mL,4 CF i B AL 48 h, M 15 W H vk 4CHL g
LA ALUE IR (0. 45 pm) 3 U8 K e B 75 Kk e
FEZE A 25 mL, At H: 25 v e A 00 A
1.2.3 AEAERGZR BAERTH 1 g. mAKES
K 80 % I 40 mL,4 C ¥ B A H 48 h, B F 1|
FHUE4CHRLIE » 28t AL U B 0. 45 pom) 3 98 I Jie 5 7%
K Ja s RT3 % 80 Y0 TN Bl 72 28 & 25 mL, fit i 4%
ROEWAE MR
1.3 ZWMeEENEEMEESN
1.3.1 &Zwismmenry SHEEF M
AT . B FR A T8 0. 1 g. 43 A £ 3
ik A B2 B0 1000 R R AR AL B 300 A K 4 5
mL, TER A B RS 0K P U8 ARt %, WS U8 v £
1.3.2 & EEI-T IS LUAH I A9 2K H
AT ES AL BB 1. 2 Ry 3 Fh AR R A 1
mL, i B 20 fi5 . B SR Ah-17 WL 43 060 B i k7 A
i 7E 200~700 nm T A I 0% I I
1.3.3 ¥#HFWMAesTvazs MEMSHEXH
NaNO,-AlCl; g . B B3 BOR 1 mL. fin
A 4 mL KRB 60 %0 L BERE AN 0.3 mL i & 4y
B 5% NaNO, ¥ . 5% 5 min; A 0.3 mL Jfi
HAEC10% AINO; W, ## & 6 min; i 5 i A 4
mL JF &8 4% NaOH F G HZEBKERE 10
mL, F 510 nm &bl WG EE (ODsy ) . 4538 DL T
S AL PR B A R T R (mg) FROR .
1.3.4 g & . £9F MELE3vne SHER
P s BUACRR 43 %50 80 Yo TR i #K BUHE 3 mlL, fifi
FHS AR 436G BETHAE 663,646,470 nm A &
PR OD A,

C,=12.21 X ODys; —2. 81 X ODy,s »

C,=20.13XODj;s —5. 03X ODyg5

C.= (1 000 X ODy;, —3. 27X Ca—104 X C,)/
229,

M2/ N R &R (mg/kg) =CXV/M,
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Ao C AR 8 3R A BT Wk B (mg/ L) S8 |
EWC MR C,+C, 3V R ZERBOR B & (mL) ;
M R RE TR ()
1.3.5 & &R H WSk EiEx (HPLO) #
BCFR i R A5 RO Y B A5 O 45 1 mL, 43 ) 48
0.22 pm fALIERE L U85 H 57 L-2000 /&5 850K AR
ARSI 4G ) 8% R 1-2455 B 8% 45 B4 40 K )
. KM 4 200 ~700 nm, Cys 4 ¢ Hitachi, Japan,
250 mmX 4, 6 mm,5 pm). A 40 C, PEFER 10
pLo i 0.5 mL/min, JaIA S8 A IR TR 4L
0.04% H IR KW, B RO kR LN, KB
JIE o kLR P . 0~ 40 min, A iy 95% ~0,B R
5% ~100% ;40~60 min, A 5 0,B 5 100%"1, &
PRl hrifE SRR & FR R EHR-3- /M
W REHZRILER GHER.ERILER. AuiE
A AT N HFLR. AWML R L2, 8WAa
Sigma-Aldrich 2 w)) #E 47 H X, 25 6 45 o it 26 9F 11
A AR o it 2R U T s B TR T S

LR R (me) £
2 iS5

2.1 STHEHELARERREBENFLERGRA
A2 1 a] UL, v ik K S R A A

FF L PF AL )RR €5, 52 I 1 5 B €0, 3R W] A
M SHEAE PE AR S A SRR
P8, 5 N7 1) Sk R 0, L % ) HG A v ] A e
SFEMAEE MR, KM )N E G B PHE R
PR AE B30 S 1 2 B B e B R e B 1T (B
A € T S D R ) TR A R X R
WA & F1 A P 0 A6 3 b [R] B 3 A7 48 75 11 () ik
B 5 oAt 6 b A8 IR R AR 20 €0 S 0 4 S B e, DB
HAE M LA, ®Hmml g, a4 mE
T AE e 0 45 0 B0 S IO S BV AL 0 50 I AR R P
THREWALT 1 (3 HAl 6 Fh 46 5 09 57 F 216
S RT3 3R W H AR TR OR S AR T (R
WAFTT (R TR,
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Table 1 Color reaction of petal pigments of eight Lilium species
@R A i Papliifia A3 30 %6 &k BB 10 % Eh R
Color group Species Petroleum ether 30% ammonia water 10% hydrochloric acid
N4 Lilium davidii # Yellow w4tk Kelly R4 Dark red
i 5 B} L. lanci folium # Yellow #w gk Kelly R4 Dark red
Orange group
1St L. pumilum # Yellow # Yellow Jo o Colorless
REALE A L. sul phureum w4 Kelly # Yellow Joft, Colorless
WITH A L. sargentiae 7T 43 Kelly # Yellow Tt Colorless
F‘ a% B H 4 L. brownii #wag Kelly # Yellow Ji {6 Colorless
White group
HEH4E L. leucanthum Hag Kelly # Yellow Jo o Colorless
IRYT 5 & L. regale w4 Kelly # Yellow J 0 Colorless

2.2 STHEEBHALBRENEINTRAIEST
2 2 A7 0L )IE & FEPHE 528 nm A2 47 A F

IR W AT U o A7 2R 25 44 32 R T 285 10 R AF IR WA I8 0

(523 ~528 nm) N, Ui B I & & F6 FHE e b &

A RBEHFEE I . A0 0T I AR O A 5%
G-I DL e i AG I 445 51 3 B A I S (8 3 A R AR I
W (535 rmm) b oA A I 81 87 Wi 0 56 U] AR S
RO

K2 SHHELAESRBPREEGENSIHNENMNTRALEUESER
Table 2 UV-visible spectra of petal pigments of eight Lilium species

FEAE P 1K /nm Characteristic absorption peak

BRI i T - - ~
Color group Species . Eﬁ it b 12 it PR e 80 26 T il
Acidified methanol Methanol 80% acetone
JNWE & Lilium davidii 528,322,283,205 417,328,203 664,472
R EF} L. lanci folium 529,320,282,205 417,322,299,203 663,472
Orange group
WP L. pumilum 543,320,282,205 475,327,204 663,475,470
REAL E A L. sul phureum 543,313,281,211 314,208 664,433
) WITH A L. sargentiae 541,310,281,207 308,204 663,432
F‘@% WH 4 L. brownii 555,322,276,210 324,267,206 663,453,432
White group
HEAA L. leucanthum 555,418,309,282,216 311,204 664,433,411
IRV A L. regale 543,314,282,205 314,209 664,465

& 2 U, 8 Fl e A A48 M A T TR AE B AE
400~500 nm 4b¥AG W s, 7 F2EE 8 D = A

W Wi 1X o 3% T I A5 63 FT i AR P 2 5 A 2R
W MR R RT A BE AR E S AL BT IR A O
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£ 663 nm & A7 A7 WU L 5 SR a1 BRI i
i (663 nm) FEA — 2, K W] 8 T[T 5 AL b 2 A 0t
LRR AL ERDZOR A2 a g 1Y,
2.3 STHEHELBAEBPIHNMHEE XPEMEM

EEMEE

HiZ 3 T AR RBP4 R RIS bR
SIS R RS TR R SR AR ARM
HORARZMBEAE R, HaReRUET
FVHE A G IS IR AL T G 68w IR
[ERER NP AL S RO R SR S i D TR
194. 72 mg/ke. & EEAMRA LT 6 2, M4k
R hE 25 S AR5 I R O Al B (0 R R AE R
LR AR G

BORT S AM PR E PR TR

312.45 mg/kg. NHEBREWAE PR FH T &
(71.95 mg/kg) W 4 5 2 . UL W1 H & 16 5 6 1 E
WATRE SRS P EMBRAC, BaR P UIIE
GRS MREEES, A6 R EE S AR
HAMEEAE MRS e T HA 3 Fh,

BOZRAGART LERSEY®m THAR,
EHERANACERN 245, BERE A AL
P EFH IR EALE A RIRTTE G 2 &
BE.HEaA HEAAMEIT O AN NI EE
A6 R R B (42 704, 61 mg/ke) Fe i AR S
HRARAE T E A (14 259. 19 mg/kg) 19 3 15, 2%
B R S A R AR TS (R HAb T Ak
B 22 Sk Al Bh 66 3 X6 6 0T 0 B AR Y,

K3 SHELEEGEBEIIHERE LXPEPMENEEWMSE

Table 3 Contents of chlorophyll, carotenoid and flavonoid in petals of eight Lilium species mg/kg
@R A ES RS KA b FE S T
Group by colour Species Chlorophyll Carotenoid Flavonoid
A Lilium davidii 140.0149.32 ¢ 346.97+1.43 a 42 704.614+32.64 a
AU EJ) L. lanci folium 69.51+£2.09 e 286.53+4.97 ¢ 38 200.71+28. 83 ab
Orange group
1St L. pumilum 31.514+0.94 g 303.86+1.46 b 36 077.24+22.83 be
REALE A L. sul phureum 131.0143.34 ¢ 79.91+£2.65 ¢ 20 499.63+£57.13 d
WYLH A L. sargentiae 99.1044.33d 32.8640.73 g 14 259.19425.40 e
F‘@g\ B E S L. brownii 194.7245.00 a 97.40+3.63 d 16 102. 99+19. 55 de
White group
HE B4 L. leucanthum 182.694+7.11 b 53.44+2.93 f 14 386.35+16.64 ¢
IRYT 5 & L. regale 43.514+1.63 f 96.16+1.81d 19 814.37+13.24 d

T« 22 5 B F WA LSD kL [ 51 8 J5 b AS TR /NG 5 REROR W VK P2 P<<0.05.3% 4 [A],

Note: Different lowercase letters indicate significant difference at P<C0. 05 level based on LSD method. The same for Table 4.

2.4 SHBLEBARBYEZABNNSHNRAEER
T 48

AT () R IEH W p =T Ry .o
0 1) 25 8 T 22 1 28 ) U S v A AR TP R E DL 1 Bl
Bl 22200 AR 56 3 g vm RO € 3 A, A 8
FE AP % BT 11 Ry A dE 3 Fhi e
(BB TR SR R R X & SR L 2 st e i L A%
FORILEZ 2 M AR (AR A
WG E) (2 PR O T IS ) VR 4R R
ERE I ZHFEHETERD,

Wk HPLC %@ R, K4 R-3- 25/ T 2
AR AR i) AT R EH R
HA GBI RS R P A F R, mE 4l
W R R -3 H M R A L RO
NEA G &R, P& & &k 778,99
mg/ kg, & HAb 6 NFCEI S A 67 £ HoAh 6 F
AP R R -3- 2 FOE A R H PR
TEA W &R 30,37 mg/kg, BEEF RIS
FE A REHZNAENE S B PR PR

D 5K 446 3-3- = B H AL R 4240 & A )1
A AP & B 20 90. 95 mg/ke.
SRR AR R TR 26 ff.

H1Z 4 )DL, 2R LR LZR 2 T A i
RFE R E A AR P EEREBIEY . B
FENE G FRTT 5 a5 & B s B 3R
JLRFEB SN 7 117, 3 mg/kg, i & T HAth 7 F
A& (P<<0.05) 2 HAl 7 F A &-FE S8 7 4.
FIOR A SR TH SR &im TEA
A R AE T A MUIRTCTE & b 2 gk
W 5 R

3 i ®

PR EEA M e R RS DR LWL
Feitse @Rk b RS R R AR THI I 2R
SCRIARZE v, A O A T T R R h i R R B
A 8 Pl T A 4B R A Y A HOH s 1 R A SR
0 3R A W WA e Kk G I ) i WA L U S AE R
AETEROR,
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Table 4 HPLC detection of petal pigments of eight Lilium species mg/kg
REAHE-3- .
WA b 3 4 i
Gxnd ik RELH =R KA K A% R EIKE
Color ) Gallic o D . Chlorogenic ; .
Species . Cyanidin-3- Cyanidin (+)-catechin . (—)-epicatechin
group acid Lo acid
rutinoside
Bz JWE & Lilium davidii ND 681.71£0.59 b  111.09£0.31 a 192.16+1.24 d 5 349.45+31.32 ¢ 2356.48424.79 b
Orange &S} L. lanci folium ND 876.26+0.24a  70.80%0.02 b 81.574+2.55e  9248.20452.78 a 7 117.30+34.36 a
group W} L. pumilum ND 11.1642.54 d 3.5040.20 ¢ 89.92+4.23 ¢ 8164.18£35.77 b 1694.96+12,24 ¢
WEME A L. sulphureum 734, 7712, 44 a 9.46+6.77 d ND 832.79£5.67 ¢ 2589.30£37.83 e 1337.93426.92¢
M % WILH A L. sargentiae 73.04+0.87 d 8.91+1.18d ND 4 143.474+24.28 a 2 589.95+55.77 ¢ 1512.41+24.27 d
White WEHA L. brownii 0.32+2.60 ¢ 4,4646.77 d ND 39.8443.51 1 1378.50+17.62 f 0.39+0.01 g
group HEHA L. leucanthum 102,070, 58 ¢ 5.04%2.08 d ND 1199.10+35.73 b 990.44+8.82 ¢ 0.1840.04 g
IRYTE A L. regale 112.06+12.32b 30.37£3.08 ¢ ND 0.534+0.03 g 5233.734+25.33d 107.65%9.01 f
oY , s . X TR e .
B4 ik AR BT A LM AR W
Color e . 7 . p-Coumaric . .
Species Dihydromyricetin Rutin . Dihydroquercetin Kaempferol
group acid
6z JWE & Lilium davidii 29.334+7.20 ef 456.17£9.55 h 213.53+3.62 f 129.00£4.28 g 59.7240.32 ab
Orange BT} L. lanci folium 39.03+1.23 ¢ 3413.10£26.69 f 978.4245.72 a 296.9143.54 1 60.6746.38 ab
group W L. pumilum 62.67+3.39 d 1099.23418.66 g 232.00%3.76 ¢ 64.47+6.23 h 63.09+1.89 ab
WA E A L. sulphureum 23.1640.59 fg 5885.19£17.92 a 445,0244.29 ¢ 4 574,84425.72 b 70.5545.88 a
M % WILH A L. sargentiae 12.67+2.30 g 3724,27+18.41 e 469.2043.99 b 3880.92+22.39 ¢ 64.9040. 74 ab
White W H 4 L. brownii 950.91+1.27 b 3849.78+26,58 d 21.82+1.83 ¢ 370.3740.57 e 57.74+3.24 ab
GIOUD gy B A L feucanthum 543.9344.10 ¢ 4109, 27+46.52 ¢ 27.9243.51 g  1614.634+13.90 d 60.40+1. 45 ab
IRVTEH A L. regale 3760,45+26,11 a 5403.70+£35.63 b 333.98£10.45 d 7 447,08+56.97 a 56.031+8.95 b

T ND. A fi .
Note: ND. Not detected.

TS N F R S ORAT (0 A b i 5
A RR LR BR N AR/ ML R N AT LR FIL
MRS MR ERZECENE PREEA,
Emaa . HRAT ZAEMAETRILE 6
PR REFER VR AR R R AT 4
RBRFRMMER KPR EHR L HAE
MR A AR R R KRR
R ZR-3-2 B W AE LM A 5 R A B 1]
A MEPHER &R ORI IS
MEFHPENE bR GRS WA S LML
MERORARMAETH GO EEIENY. 7 44E
MeroRs (2 261 b R RIGER . Banba ™ Xt
WU ZRFNAR T3 2 5 s R B AR T TR
ZLE RPN T S LA SO S AR L Y B R AT
(Z0) TR 1Y+ 46 1) 68 €0 ol B (8 02 iy 2R 00 % b R
ZoeE iy . ARE i HPLC K4 R 0, K 4
HRMHMAEY RO SHHEZAEFTHF G . X5
AN IF 5 28 SR — B 1 TR A AR [ 78 € 1 R T
TR A Bl 2 A B R A R S
SEGRATAL A O SR P EA SRR BT
BVEBAA A S MIREAE D GRS R &
RS URVC T & AL P P A AR, e R
A Ek (5 % 423 R AL 0 oA 3 A EAR
AT REARL I 7 A A B A T TS e B R B

Rz — o ABAE S8 RN T, 18 €0 38 A A6 I A 9 ik
G 9 AT S R R A, X0 pl A 0 AR PR R T 2
MR E TSR,

G €8 1) 255 v TR R 22 193 26 ) T A o i B 8, 3R X 4B
(SRR SR A DI S R () e S R (B P S
i Je FLA AT Ak B 1 5 4075 1 45 G A — R T S B
RN M 28 B B4 X B B 4 A 6 G B R
FMEER TR BB ENES . ARG TEE &1
M BRREHRMAR LR -3-ZH/EE 2 F AL
T Hh B K 9 Fi i 2 o, Hrp % IR R L 3R
JUZRZ T M A R 2R R i A A &
BRI, AfEARFRFZ A& &5 B E. /i
ABFFE & B AE W Ll 21 24 28 e AR v, B T ik A 1
VR 1 A8 €5, 3K 2 T 5 I 1) A7 A 7 2 T A £ D
W ROCRDY . AR 50 78 HE R T A 6 R R I F)
B TR Ll T S T L A R A
MR REH T (G G B b =9, K,
i 1B 3 1 SR AR R AT 2% 38, W SR AR AR I (B
0 RS2 5 ) L 3] o iR el B €8 O L A B Y
KAEE A A S ol g 2 0 TR A, R R A 1Y
T T P AR A LS U A I AE TS B DT A5 BT
M, EAREAS FEM D, CHER CHEE
Frim ik 95 % M EE e A BT A A6 4
TR,
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T AE (T B 10 Tt D AR &2 % 4E (B 52 B i 2
R EWE PR EHFT R LHW  ZHEY R
SRS 8 3 B L W R IR A PR RGE P <
JB BT UL pH AR S 8h e
T BE R R AR G R BT L A AR G

AL AL A AL AL I M SR IR L T AR 2
RS« NE56 I A0 BE SR 7 S B Bel SRR A1 F
FETE B BAT — 2 B9 25 FIT & A8 31X A 1 ok — 20
It
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