W R AR K F 5 4R, 2025, 42(5): 994-1002 https://zlxb.zafu.edu.cn
Journal of Zhejiang A&F University DOI: 10.11833/j.issn.2095-0756.20250441

SR okae, 00, BT, 55 RS R ARIE S H /L S RFAE 0T [J]. 7 VAR AR 22741, 2025, 42(5): 994-1002.
ZHANG Ying, YANG Meiying, LI Jianbin, et al. Analysis of anthocyanin variability characteristics of Camellia hybrids[J].
Journal of Zhejiang A&F University, 2025, 42(5): 994—1002.

LR ERETHERFESH
KoEL BEE?, FHR, FEE, NG, BHE, RED

(1. P EMREFST b TGO BFFEIT, WL HiN 3114005 2. mFRif K% R¥: S5HEWHARYE, 5/
B 650201; 3. HEREAMAAERE A AR, T 78 %K 526112)

WE: [ 86 ] ARAML NI Camellia azalea. A #E3E 7% C. amplexicaulis B 32 Z e RILM P LB FF RS,
WAL T R AR, BT EEREFRSE RIS RG T AL, A LR R #2588 A3 2R
¥, [F&] BACIE L*a* bR & 2 kTR ENE, A B G048 €848 450 (HPLC-DAD) #2428 & & 48
&, 3% - v MAF- K AT 0T 1] T3 (UPLC-Q-TOF-MS) BRA R R T W EH5 M PO F T RS S RESHK, BASALENKT
A EAARESREFFZRANEL, [ER] EFARL ISAMALERTRENE 16 FEFHF., 2XEROEFH
BEARANTREZN; BEFREFEH E-3-0-[6-0-(E)-p-& 28 -7 F 45 (Cy3GEpC). & % H %-3-0-[2-0- K45 -6-0-
(E)-p-# 2.8 |-5] 21483 (Cy3GEpCX) o &k & H % -3-0-[6-0-(E)-p-& 2.8t |- ¥ fLHEH (Cy3GaEpC) R4 K, &4
XIodTHEA, AREFFORESHAANTREZLA, [&#] 2R PEFIUBEF 2-0- KB RO FF R
S ERRBTABLLE, SHNABFARE 2-O-ABEEGEFTF RS RRTRFE, £FPHF-3-0-[2-0- k1 -6-0-(E)-
p-F 28 - F 5L (Cy3GaEpCX) Ak £ 5 £-3-0-F 5L (Cy3Ga) A ¥ At L A S M E R AR ERILEN E
BhERF, HHRETRFIEMA, B2 K3 437

EHEE: ALRRLLL G AHRER; 2RER; BEF; TN
FENES: S68 XEkFREIS: A YXERS: 2095-0756(2025)05-0994-09

Analysis of anthocyanin variability characteristics of Camellia hybrids

ZHANG Ying', YANG Meiying'?, LI Jianbin®, LI Xinlei', LIU Xinkai’, ZHONG Naisheng®, LI Yanling’

(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China;
2. College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming 650201, Yunnan, China;
3. Zhaoqing Zonglii Valley Garden Co., Ltd., Zhaoging 526112, Guangdong, China)

Abstract: [Objective] The object of this study is to determine anthocyanin components in petals from
Camellia azalea, C. amplexicaulis and their hybrids. The material basis of their color formation is clarified and
the variability characteristics of main anthocyanin components and contents are revealed, which will provide a
basis for the germplasm innovation and their efficient utilization. [Method] Flower colors of C. azalea, C.
amplexicaulis and their hybrids were measured by CIE L*a*b* scale. Anthocyanin components and contents of
C. azalea, C. amplexicaulis and their hybrids were measured by high-performance liquid chromatography
coupled with diode array detection (HPLC-DAD) and ultra-performance liquid chromatography-quadrupole
time-of-flight mass spectrometry (UPLC-Q-TOF-MS). The relationship between the variation of flower colors
and anthocyanin components was explored by multiple liner regression analyses. [Result] 16 anthocyanin

components were detected in C. azalea, C. amplexicaulis and 18 hybrids. The total anthocyanin in hybrids was
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between the parents. The variation of Cy3GaEpC. Cy3GEpCX and Cy3GEpC in hybrids was large, and most
of their contents were higher than that of parents, and the rest components were basically between parents.
[Conclusion] Anthocyanins with galactoside in hybrids entirely came from C. azalea, and anthocyanins with
2-0O-xylosyl mainly came from C. azalea. Anthocyanins with glucoside and without 2-O-xylosyl came from C.
azalea and C. amplexicaulis. Cy3GaEpCX and Cy3Ga were the main anthocyanins affecting the hybrids flower
color, and had significant correlation with color variation. [Ch, 2 fig. 3 tab. 37 ref.]

Key words: Camellia azalea; C. amplexicaulis; hybrids; anthocyanins; variation

O RPMEMREENRZ —, BREFEIOL TN EAGERY, 1UEE Camellia ML
FEAa6, memEal, REENAeeFE R AR AT TooE. Banbiho et 25 fies
TP LIRS R REILR . BTSRRI T WG S5 5 AR AR LA Camellia reticulata W 4858 W 5 Fh
2-O-RBEFE KAHREA T 2-0O-RBERER AT H, FEBLLZE CRBEAR C reticulata “Dalicha’ W3 5E H
10 Fp & 2-O-RBEILIEH 1, EFWA I C. hongkongensis T Y 8 F I 2GR 1 4 Fp KB R AL
HH o FERmECIEIZRSF P EE N T MR EHRATF T, KUME L2 S eamE, Ll E
PR RS AR IR T B AR R AL IR AL S e (B F R TR 22430 .

FEESLLILZS C. azalea MG HIZESS C. amplexicaulis 6NN, AWK, ARSI HEMNE, 2
VUZE A5 AE BT S AP G B A REA BRI, B8 PRAR R AT AL el A7 PR B IR RS 2L I A A BEAS, DUl 460 25 4%
RAXAGATARAL, AR S MBS F R A A A, BET, A OCHRSLL Lzt s S T4E
PR L BRSBTS AR FEUE XD AR TR B Y T TSR . Ak
B, 2R AR SRR A S N TR RS LIS A IR LT AR T AR R ST PR
ZEUSTBHEG TAEBSLLIL R S5 IL 2 SRR CYHIN S C. japonica ‘Meili” 2258 J5ARAE T H IS ML . ARWFSEF) FH#E
PR RORRR - BRI R AR, R AERS 2L LA . B 2R 2% ML 18 N4 A8 S AR 2 Th AR T 1 I LA 5
OB T, PRI SEEFCR, UIEAET L Z SRR, ISR B a5 S m 8or
FHERHERL AR

1 #MEEF&®

1.1 ##

I AEE ARG LIS (D). ACAB R 2505 (Y) KM H 18 23/ (DY), SR T4 KA
BAC A PR AR . EBUERIIEARR] . KB —BIHRS 50k, BHRBEVUR SR IE 3 2%, H T4k
I8 M AT 1 R A T 5T o
1.2 Ttz

AR BT e A A= T BEMLIE I S 2, I NFS555 (025 T AN AR 1Y) 1 3% Bz rh e o3 A7 46 0]
TE o IR E PR IR B ZE 5 25 (CIE) I 5E 1Y CIE L* a* b*R MR, FIH @ 2ETHRER IR L), @AM
(a*5 b*). B (C*) FEJEM (h) SR T8N E . L3RRI AR o PR o8 fL e
B, a*RHIE(E, BUHBR, OB, pSoRn i o8, pmAeliE, EapaR o, O
WEF R B R, O, BIEBRTR. h FonBitatl, ZaXBOMAE 0°MHL, WllEiet 2t
@ F] 90, T MBI, FERIEER Sk, BORE!,

1.3 EEEHESH

FREL 2 g BrlbfEE, WA A, TIA V(EHBSER) : VI ER) : VOK) : V(F B)=1:2:27:70 Ay HEHL
W smL, ¥45), B, #EFIRE 24 h, i 0.22 pm AIUENEXHR IR R IEATE0E, JEWEE A 2 mL kR (0
FEA e, —20°C UK IR T,

I FH 5 SO A €838 - F, — A 51 A6 (HPLC-DAD) 1 5 50RAH €838 DO 2 - % AT Bsf 18] B 153 7
AR (UPLC-Q-TOF-MS) Xf fE e thAE T 1 i AT P S i b, S g 35055 o7 k- 7 i sh A
e ] K A Ve B
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14 BEEEESH

FIH HPLC-DAD 777k, 7E 525 nm ALK AL 46T 1 . AnifE b R 235 R -3-0--Hi E 1T (Cy3G)
MR R 3-0-p-L LM (Cy3Ga), RJbRES P& A THAE & FE M AL 1 i 40, R
3. WA SPSS 17.0 i#47 Z 70 4 IR /34T

2 HERGAHM

2.1 HEBALF BEEZEEREZTEREETR

e 1 frn . ARESLLILZE . MR IR L5l 44.65, 50.17, 9 DZACTEAR L*K T Mip e 22
2%, HARIYTE 44.65 F150.17 Z ], B DY35 4h, 2385 a*TERCERY 47.92 F1 57.81 Z A, 13 A28
JE ARG BEXLGE 1) 8.48 Fll 19.78 Z [0l o 16 24 28 J5 A CHERUGE Y 48.67 Fl 61.10 Z Al o 18 42458 J5 AR
h BPNFAERSLTILAS, A AR L0 XY 09 20022 8], U BH 2438 Jm AR AL A 5 B A FREACHE B £T
INZ AR ZE A 2 ] .

F1 MHBILFXSEREREFREAIERECHKTE

Table 1 Data of flower colors in C. azalea, C. amplexicaulis and their hybrids

B L* a* b* C* h

D 44.65+1.53 57.81+0.35 19.78+0.76 61.10+0.56 18.88+0.57
Y 50.17+0.42 47.92+0.62 8.48+0.99 48.67+0.44 10.05+1.26
DY9 46.63+0.41 54.49+0.87 14.51+1.01 56.40+1.06 14.90+0.83
DY12 46.63+0.79 56.26+0.31 16.26+0.88 58.57+0.45 16.12+0.80
DY31 56.21+1.33 48.14+0.77 4.62+0.57 48.37+0.74 5.49+0.73
DY34 47.13+1.06 56.17+1.55 17.30+0.42 58.78+1.47 17.13+0.62
DY35 56.32+1.48 47.86+1.24 3.73+0.93 48.01+1.30 4.43+1.01
DY41 46.14+2.86 53.87+16.6 12.24+5.21 55.36+16.98 12.58+5.01
DY43 50.83+1.77 51.57+1.21 8.40+1.08 52.26+1.31 9.23+1.05
DY44 45.77+1.89 50.57+1.87 14.600.50 52.64+1.91 16.11+0.41
DY45 45.12+1.38 51.56+1.64 14.27+0.78 53.50+1.79 15.46+0.34
DY46 47.14+1.64 53.75+0.37 15.27+0.07 55.88+0.36 15.85+0.05
DY47 50.97+1.70 54.72+0.74 8.55+1.65 55.40+0.92 8.86+1.61
DY49 57.07+0.41 50.57+0.49 9.07+0.23 51.38+0.50 10.17+0.21
DY51 54.13+1.36 48.62+1.08 4.03+0.65 48.79+1.03 4.75+0.87
DY52 49.45+2.29 51.65+0.70 8.78+0.17 52.39+0.71 9.65+0.08
DY53 55.64+0.35 51.97+1.43 9.82+0.42 52.89+1.48 10.7+0.16
DY56 54.04+0.82 52.46+1.02 6.26+0.88 52.84+1.10 6.79+0.85
DY63 52.86+2.04 52.67+1.03 10.69+1.24 53.76+1.25 11.45+1.09
DY64 50.17+1.26 55.01+1.12 9.07+1.24 55.76+1.27 9.34+1.11

LR BN PIgMHbR R . D, ALRBZIINZE, Y. BEIEZE2, DY. “HBIASER.

22 ML HBEEERREIZTERESTLETE

HR A UPLC-Q-TOF-MS I3 K 48 41~ FT UG5 HeAG I 20 L AS 2T 10 4% . B #6025 45 e H 24 52 e AR A6
W16 LT H > (18] 1~2 F13% 2). MRAER AR (Cy) BEHTE 513~520 nm A7 FFAE W ISCIEE K2 7 7 8
m/z 287, TIHEN 16 FIAET 1738 Cy BIET 170 TR 1 7E 440 nm 5 0] WG R (Ayis, max)
2 AW EIE 2 R 319%~34%, PRIGHfE X 16 FIAETE 113520 3-O-Fi 1 2570021

I P1 A P3 BRI HUE Moy T F m/z 581, W BT m/z 449, 287, m/z 581 F| m/z 449 ZLf#REHL 132
u, m/z449 B m/z 287 ZLFRERL 162 u, FRHEILAAH I SCHR [4-5] #EE 1 P1 AR A3 R -3-0-2-0- KM %) -
L FUBEFT (Cy3GaX), g P3 WK ZE45 % -3-0-2-0- AW AT (Cy3GX). 16 P2 Fl P4 (1) T i 54 A
W, YIEEDTET mza449 MR BT m/z 287, MRAGIE P2 Flig P4 Sh5rifEM Cy3Ga Fl Cy3G 3L PER
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Figure 1 C. azalea, C. amplexicaulis and their representative hybrids
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Figure 2 HPLC chromatogram of anthocyanin components
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Table 2 Chromatographic and spectral data of anthocyanins in hybrids between C. azalea and C. amplexicaulis

I {4 B4 B i) /min WS A (2)/nm D(440)/D(Lis, max)/% S m/z TR B m/z Ny
Pl 13.72 281, 516 32 581 449, 287 Cy3GaX

P2 14.41 282, 516 31 449 287 Cy3Ga

P3 16.12 282, 516 33 581 449, 287 Cy3GX

P4 16.85 282, 514 32 449 287 Cy3G

P5 39.41 281, 315, 516 33 611 449, 287 Cy3GaECaf
P6 29.78 282, 315, 517 33 743 611, 449, 287 Cy3GaECafX
P7 30.74 284, 311, 515 34 727 595, 449, 287 Gy3GazZpCX
P8 31.17 285, 310, 516 34 595 449, 287 Gy3GazZpC
P9 32.43 283, 315, 515 33 743 611, 449, 287 Cy3GECafX
P10 32.82 283, 316, 515 33 611 449, 287 Cy3GECaf
P11 33.73 283, 314, 516 34 727 595, 449, 287 Cy3GZpCX
P12 34.21 283, 315, 516 34 595 449, 287 Cy3GZpC
P13 33.68 283, 313, 516 34 595 449, 287 Cy3GaEpC
Pl4 34.22 282, 312, 516 33 727 595, 449, 287 Cy3GaEpCX
P15 35.99 284, 314, 514 34 727 595, 449, 287 Cy3GEpCX
P16 36.47 283, 313, 515 34 595 449, 287 Cy3GEpC
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Rtk DAKAETT R P ZUMET Ve () /N T AR T 2 A0 1T 9 RR ™, mI A2 0 P2 Jy Cy3Ga, U4 P4 Ny
Cy3G[23—24]O

I PS FI P10 JEEHHE A F T miz 611, WERET m/iz449, 287, m/z 611 E| m/z 449 4R BT 162
u, m/z449 B m/z 287 HERL 162 u, EN1S5ILA ARFF C japonica ‘Chidan” 55 & Fh 4 2 (6T 1
B 2L fifp R AR AH W] 170, PR O HE I 0 PSR Ok 42 B R -3-0-[6-O-(E)-MINHE % 12 FLBE & (Cy3GaECaf), I
P10 R A2 K -3-0-[6-O-(E)-MIHERE 1-#5 % B5 1 (Cy3GECaf). W4 P6 Fl P9 ik &l M 43+ &+ m/z 743,
R BT m/z 611, 449, 287, m/z 743 3| m/z 611 Z4FEBERL 132 u, m/z 611 3] m/z 449 Zf#E BERL 162 u,
m/z 449 B m/z 287 ZFERERL 162 v, 75 LI F 5T, 1§ P6 /R 445 2 -3-0-[2-O- KB 5L -6-0-(E)-Ml
ME T ]-F L% (Cy3GaECafX), g P9l K %4 4 & -3-0-[2-0-K ¥ Jk -6-O-(E)-M ME % ]-# %5 0%
(Cy3GECafX),

W& P7. P11, P14 Fl P15 i8I 4y T8 T m/z 727 FIFE B F m/z 595, 449, 287, m/z 727 %)
m/z 595 Z4FHEREHL 132 u, m/z 595 B m/z 449 ZLfERERL 146 u, m/z 449 B m/z 287 B4R R 162 v, %
LI 2T BF ST, HERE I PT M K 72448 K -3-0-[2-0- K Ml 3 -6-0-(2)-p-F 5.k 1-2E LB (Cy3GazpCX),
W P11 N R 4 3 -3-0-[2-0- K WE3-6-0-(2)-WIHERE 1-#I 21T (Cy3GZpCX), VW P14 NR G4 % -3-0-[2-
O-KWEI:-6-0-(E)-p-75 1 - FFLEHF (Cy3GaEpCX), g P15 Nk 455 2 -3-0-[2-0- A Ml 1-6-0-(E)-p-7&
S AT (Cy3GEpCX).

I P8, P12, P13 il P16 i it B da N4> T 8 T m/z 595 FITE A B T m/z 449, 287, m/z 595 3| m/z
449 ZUFERERL 146 u, m/z 449 B m/z 287 ZLFRREHL 162 u; 456 5KIMEIEEE D(440)/D(Ayis, max) N 34% K AE
310, 313 1315 nm P TR ERHIL, HEWIH Cy-3-0-07 FIRIALRDRT s i T AL TS 1 e
] /INF R AT 1 B AR TT 2221 FURE T VEGRT (BN T A6 75 M0 1 I RRpER7, HEig P8 R 445 R -
3-0-[6-0-(Z)-p-75 T 1-F FLBET (Cy3GazpC), W P12 H 2K %4 % -3-0-[6-0-(2)-p-7 5.1k 1-45 45 M 17
(Cy3GZpC), U P13 ARG HHR-3-0-[6-0-(E)-p-15 Wil - I (Cy3GaEpC), Vg P16 KR4 E-3-0-
[6-O~(E)-p-75 WLME |-Hi %4 1 (Cy3GEpC).
23 HEBALFX BEEEEREIZTERESETREME

TEALRS LT IS © MR A 2525 M 18 4 R AR A AG I 21 16 AP 4B 1 (K1 2 Tk 2), FERSLLILZS
Hh B B S AR T A 8 B (36 3), HMh BT B BN T 1 pgr g e TERUE RS R 2]
8 P B M AT WAL T AT, AR R E 2 2L AL AT (B 2), Hb Cy3GX. Cy3G. Cy3GECafX,
Cy3GECaf, Cy3GEpCX il Cy3GEpCiX 6 Fi L 5 1 S AL 2L 1l 25 P 4B 5 W AH A, Cy3GZpCX Hil
Cy3GZpC AN R 285 P R ;. BRI 225 Cy3G. Cy3GX. Cy3GEpC il Cy3GEpCX Ry it 7041
i, HAEAR, EFRSL LA S 25 A% 18 N AAC G AR AE IR ARG 2] 7~8 Foft o 43 U8 v ) A
HH, HAnlsr i o B B R SOR A T 3]

FERS LTINS FZEAL T 8 73581 pg-g ', BRIHZEAE N 81.37 ngr g, HIE NIEH B 9.04 f5,
18 AR, (X DY41 Y EZAETF H B (754.47 pg-g ) M TALASLLILS s HR R UIEw A Y
AFRGEZM, Hrf DYS1 AR SN, A28 0 1.74 £ ARRSLT L 2% b ot i 40 5008
B R 2-O-AMEFEAIAE T 1 Cy3GX Fll Cy3GaX, 437N 466.23, 141.54 png-g ™', MiHEG 2L R R4
B B S B 2-0-K B 36 19 46 75 1F Cy3GEpC. Cy3G, 433k 68.73, 8.26 pg-g'c 2438 5t
Cy3GaX %5 4 6 7 ok I F AL RS 21 1L 4%, o Cy3GaX. Cy3Ga Jii i 43 $i A%+ A HS 21 1l 2%,
Cy3GaEpC W i1 5t 73 B0 TAERS LT LU BR85S 5 AN TEAR SRR FEALF Hrf, BR DYS6 1Y
Cy3G Fis i m FAEAS LI A A, HAaZuse 5 Y Cy3GX. Cy3G i /- B TRGEZ ] 13 24
LI Cy3GEpCX i 8m TALRSLI I AS, 9 M 2A )51t Cy3GEpC i i s T =5 4% .

MRIEAE T T IOLEHH 8 Fl EEAEH N & 2-0- KB MAEE H AT 2-O- AP EEH, 7 2-
O-AMERE R 16 T 41FE Cy3GaX. Cy3GX. Cy3GaEpCX Fl Cy3GEpCX, A 2-O-AMEHLI L7 1 2 AH
M) Cy3Ga. Cy3G. Cy3GakpC Fl Cy3GEpC. FLESLLINAAEMEH & 2-O- R AET I S5k 671.21
pgeg™, AT 2-O-RBERALTH Y 10.39 1%, MM HZERTAE 2-O-RIEEMAL T T B8 2E T 2-0-
ABEIEAE T A 17.58 15, 18 DN m R P& 2-0- KRB AIAE S T BB E T AE 2-0- KL 1E S
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Table 3 Contents of main anthocyanins in hybrids between C. azalea and C. amplexicaulis

BT U (ngr g™

¥ 1

i Cy3GaX Cy3Ga Cy3GX Cy3G Cy3GaEpC Cy3GakEpCX Cy3GEpCX  Cy3GEpC P58 5s

D 141.54+0.47 5.75£0.00 466.23+1.57  44.88+0.16  2.07+0.01  23.38+0.07 40.05+0.12 11.9+0.03  735.81+2.43
Y - - 1.50+0.01 8.26+0.33 - - 2.88+0.04  68.73+2.47  81.37+2.17
DY9 14.29+0.33 - 124.47+4.00 10.14+£0.36  5.28+0.09  24.83+0.71 135.63+4.31  25.72+1.34 340.38+11.15
DY12 5.9940.04 - 180.81+3.05  10.16+0.03 17.57+0.32  16.88+0.53 149.3+3.92  40.02+1.83  420.7249.65
DY31 9.52+0.14 - 187.9242.58  11.96+0.25 10.75+0.16  22.26+0.32  170.97+2.52  69.00+1.25 482.38+7.22
DY34 9.51+0.15 0.65+0.03  89.98+2.35  24.42+0.69  8.89+0.21 16.81+0.59 90.52+2.90  71.49+3.81 312.26+10.72
DY35 6.31+0.08 - 251.83+2.74  42.14+0.46  0.70+0.02 3.88+0.06 39.584+0.37  15.354+0.09 359.79+3.78
DY41 13.38+0.52 - 382.97+14.91 36.78+1.27  2.12+0.08  23.57+0.91  189.78+7.08 105.88+3.56 754.47+28.32
DY43 3.18+0.07 - 114.04+3.07 8.51+£0.10 17.36+0.46  16.31+0.41 166.08+4.57  93.51£2.22 419.01£10.89

DY44 7.87+0.15 1.66+0.05  83.32+1.93  41.60+1.16  2.83+£0.06  11.90+0.39 65.3242.04  92.14+4.71 306.65+10.48
DY45 5.21£0.09 0.56+0.02 118.98+2.60  31.47+0.72 10.28+0.27  15.40+0.55 140.4+4.76  102.39+5.49 424.70+14.50
DY46 7.47£0.00 0.87+0.01 101.58+0.86  32.60+0.33  5.99+0.05  11.43+0.22 67.15£1.14  72.97+2.61 300.05+5.22

DY47 9.39+0.28 - 275.2849.31 24.70+0.63  3.03+0.11 18.16+0.58  135.44+4.49 119.67+3.45 585.67+18.84
DY49 5.99+0.23 - 100.55+1.38 10.39£0.09  5.18+0.08 6.75+0.16 57.46+1.29  26.06+1.05 212.37+4.26
DY51 1.66+0.04 - 66.88+0.92 8.65£0.05  6.91x0.16 4.81+0.13 36.82+1.09 16.20£0.78  141.92+3.16
DY52 9.424+0.28 0.36+0.04 159.55+3.79  33.28+1.04  2.78+0.05 2.90+0.09 18.34+0.53 7.42+0.36  234.06+6.10
DYS53 3.17+0.13 - 122.24+2.93 19.79+0.62 1.77+0.03 1.42+0.04 11.20+0.30 2.86+0.12 162.45+4.17

DY56 7.69£0.14 0.28+0.07 133.01£2.40  51.66x1.16 1.71£0.03 4.40+0.13 8.31+0.23 13.72+0.62  220.78+4.79
DY63 2.46+0.06 0.23+£0.01 123.42+2.64  32.72+0.88  6.14+0.11 7.79+0.23 86.22+2.41  46.55+2.15 305.53+£8.46
DY64 3.65+0.03 - 210.03+0.44  30.31+0.07  3.41+0.00  10.82+0.01  153.25+0.19 106.55+0.34 518.02+0.37
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PISEA K H 8 243 Ja R i i) 8 Fh £ B AL 1 Cy3GaX. Cy3Ga. Cy3GX. Cy3G. Cy3GaEpC.
Cy3GaEpCX . Cy3GEpC il Cy3GEpCX A HAE &, AR N X0 x50 X350 X40 Xs. Xgu X7. Xg, LA SAE
IRbR L*, a*, b*, C*Hl h WA R, #7208 RSN, AFFEFRS L ILZR | MR 2R s S 2
LI GHFTH LR, BIH TR L*=-0.299x.+53.985, r=0.560, P=0.010; a*=0.210x,+49.841,
r=0.565, P=0.009; b* =2.051x,49.812, r=0.566, P=0.009; C*=0.275x4+50.329, r=0.591, P=0.006. [7]
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