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Abstract: Under darkness (the control) and red, green, blue, yellow and white lichts, changes of
carotenoids content, color value and color difference in pigment solution from ether extracts of capitulum
of Dendranthema indicum ( Linn.) Des. Moul. were studied, and also, correlation of color value and
color difference with storage time was analyzed. The results show that under different color lights,
carotenoids content in solution and color value of solution under wavelength of 412, 436 and 468 nm all
appear the gradual downward trend with prolonging of storage time (0-50 d), while color parameters
(L", a" and b™) of solution have different changing law. There is an obviously significant difference in
carotenoids content before and after storage (P<0.01), and a significant negative correlation between
carotenoids content and storage time. When storage time reaches to 50 d, reduce range of carotenoids
content under red, blue, white, yellow and green lights and darkness is in order of 98.97% , 98.33% ,
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95.10% , 92.30% , 80.38% and 17.02% . Color value of solution during storage time 10-50 d all is
significantly lower than that at the beginning, in which, color value changing under darkness is the
smallest and its color value is significantly higher than that under other treatments, while reduce range of
color value is the biggest under red light. Under darkness, solution brightness increases and color change
is not obvious, while under other color lights, solution color changes from green to red and from yellow to
blue, and a” value increases significantly and b* value decreases significantly as compared with the
control (P<0.05), but solution brightness generally has no significant difference (P>0.05). During
storage period of 0-50 d, there is a linear relationship in color value and color difference of solution with
storage time, and decoloration regularity of solution is in accordance with the monadic degradation curve.
It is suggested that carotenoids pigment in D. indicum flower is sensitive to red, green, blue, yellow and
white lights, and the longer the illumination time the more sharply the decomposition. And this kind of
pigment should be stored under avoiding light during application process.

Key words: Dendranthema indicum ( Linn.) Des. Moul. flower; pigment solution; carotenoids content;

light treatment; color value; color difference
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Fig. 1 Dynamic change of carotenoids content in pigment solution
from Dendranthema indicum (Linn.) Des. Moul. flower after treated
by different color lights
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Table 1

under different wavelengths(X+SD, n=3)"

Change of color value of pigment solution from Dendranthema indicum ( Linn.) Des. Moul. flower after treated by different color lights

2 B AL R FEAR R B @

LI R TEA R PR T e

MBI/ Color value under different wavelengths after treated by darkness Color value under different wavelengths after treated by red light
Treatment time
412 nm 436 nm 468 nm 412 nm 436 nm 468 nm
0 87.8+2.2aA 71.1+2.1aA 48.6+4.3aA 87.8+2.2aA 71.1+2.1aA 48.6+4.3aA
10 86.0x1.2abB 69.7+1.9abA 47.1+2.5aA 41.8+2.3bE 32.1+2.1bD 21.6+2.9bD
20 85.2+0.8bcA 68.8=1. labcA 46.9+1.4aA 32.6+1.6¢E 24.8+1.8cE 15.9x1.4¢cE
30 83.4+0.7cdA 68.3+1.2bcA 46.2+2.7aA 27.4+1.6dD 19.9+1.4dE 13.2+0.9cdC
40 82.5+0.5dA 67.2+0. 7bcA 46.2+3.6aA 25.6x1.8deD 19.7+1.7dD 12.7+2.2¢dC
50 81.9x1.0dA 66.8x1.3cA 45.3+1.6aA 22.5+1.8eD 16.8+1.3dD 10.1+1.0dD
- LI PR TEA AT B 2 AL BE AEA RIS T i i
AEBERF /A Color value under different wavelengths after treated by green light ~ Color value under different wavelengths after treated by blue light
Treatment time
412 nm 436 nm 468 nm 412 nm 436 nm 468 nm
0 87.8+2.2bA 71.1+2.1aA 48.6+4.3aA 87.8+2.2aA 71.1+2.1aA 48.6+4.3aA
10 93.9+2.8aA 71.9+2.3aA 48.1+2.0aA 80.5+3.2bC 61.7+2.5bB 42.9+2.9bB
20 78.1+3.5¢B 60.9+1.5bB 43.0+1.5bB 65.8+2.8cC 53.6x1.7¢C 39.2+1.0bcC
30 67.7+1.8dB 53.8%1.5c¢B 39.4x1.6bcB 58.8+2.7dC 49.9+1.7dC 40.2+0. 8bcB
40 63.4+2.3deB 53.1+4.1cB 38.6x1.7¢B 52.8=+1.8eC 45.7+1.6eC 37.2£1.0¢B
50 61.3+2.7eB 50.2+1.6¢B 37.7+1.9¢B 49.7+2.4eC 43.2x1.4eC 32.5+1.8dC

Treatment time

X LEOCIE PR TEA R BT 1@t
AEBREFE]/d - Color value under different wavelengths after treated by yellow light

LU BRTEA R BT At

Color value under different wavelengths after treated by white light

412 nm 436 nm 468 nm 412 nm 436 nm 468 nm
0 87.8+2.2aA 71.1+£2. 1aA 48.6x4.3aA 87.8+2.2A 71.1£2.1aA 48.6+4.3aA
10 55.1+1.5bD 39.8+2.6bC 25.8+0.8bhC 55.3+1.8bD 39.4+2.2bC 26.1+0.6hC
20 38.4+1.8cD 27.9+1.6¢D 19.0+1.0cD 35.2+1.5¢DE 25.5+1.1¢cDE 15.8+0.7cE
30 31.5+3.1dD 23.7+1.4dD 15.5+1.2¢dC 27.6x1.7dD 20.6+2.3dE 14.2+0.9¢C
40 28.3+2.0dD 21.0+2.8dD 14.1+1.2dC 27.2+1.0dD 21.6+2.3dD 13.7+1.4¢C
50 22.1+2.5eD 15.8+1.9eD 10.2+1.1eD 23.5+0.8eD 18.1+1.0dD 12.3+1.7¢D

D A7 R A 1K S b s B TR B 6 6 Ak B[] — Ab B [0 78 ] — Dl R i 22 57 2 2% (P<0. 05) Different capitals in the same row mean
the significant difference of color value in the same treatment time under the same wavelength after treated by different color lights ( P<0.05) ; [] %1 v
ARIRNR/ING Fb): R R A ] — % KT AS 6] b B (] @& 4 25 5% B 3 (P<0.05) Different small letters in the same column mean the significant

difference of color value among different treatment times under the same wavelength ( P<0.05).
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Table 2 Change of color parameter of pigment solution from Dendranthema indicum (Linn.) Des. Moul. flower after treated by different color

lights( X+SD, n=3)"

eI AL PR 1Y (B S R

Color parameter value after treated by darkness

A ER ]/ d

ZLA P I B S HUE

Color parameter value after treated by red light

Treatment time

L” a” b* L” a” b*

0 42.11+2.09abA -2.82+0.10dA 16.92+0.41aA 42.11£2.09aA -2.82+0.10dA 16.92+0.41aA
10 42.35x1.87abAB -2.67+£0.18dD 17.23+0.33aA 42.87+1.41aA 0.34+0.04cC 5.12+0.30bD
20 42.55+1.29aAB -2.30+0. 16¢D 17.13+0.35aA 42.91+0.72aAB 0.43+0.08bcC 4.90+0.35bcD
30 40.82+0.98abAB -2.04+0.30bcD 16.78+0.25aA 42.83+1.03aA 0.49+0. 10abcC 4.41+0.09cdE
40 40.80=+1.01abAB -1.89+0. 10abD 15.50+0. 19bA 42.96+0.94aA 0.63+0. 15aC 4.37+0.11dD
50 39.36+1.70bCD —-1.61+0.10aD 14.06+0. 16cA 44.12+3.89aA 0.52+0.06abC 4.41+0.26¢dD

Ab BRI E]/d

Treatment time

ZEOUAL IR R S HUE

Color parameter value after treated by green light

Z DAL MR B R S HUE

Color parameter value after treated by blue light

L ot b L 0 b
0 42.11+2.09aA -2.82+0. 10fA 16.92+0.41aA 42.11+2.09aA -2.82+0. 10eA 16.92+0.41aA
10 40.05=+1.11aBC 0.57+0.05eB 10.86+0. 19dC 41.43+1.64aABC 2.10+0. 15dA 11.60+0.22cB
20 41.64x1.78aAB 1.98+0.42dB 11.24+0.42cdC 41.05=+1.38aB 3.45+0.05cA 11.93+0.44bcB
30 39.32+1.63aBC 2.52+0.26cB 11.30=+0. 14cdC 38.47+0.75bC 4.06+0.27bA 12.38+0.41bB
40 39.23+0.86aB 3.09+0.09bB 11.85+0.26bC 39.97+0.71abB 4.44+0.25aA 12.27+0.28bB
50 40.19+1. 11aBCD 3.59+0.09aB 11.61+0. 17bcC 38.19+1.11bD 4.53+0.06aA 12.47+0.08bB
ZHOCA P Y B S U LA B Y B S HUE
Ab BRI ]/ d Color parameter value after treated by yellow light Color parameter value after treated by white light
Treatment time
L ot b L ot b
0 42.11+2.09aA -2.82+0.10dA 16.92+0.41aA 42.11+2.09abA -2.82+0.10dA 16.92+0.41aA
10 42.81+0.70aA 0.19+0.03cC 5.38+0. 17bD 39.36+1.12bC 0.27+0.02cC 5.06+0. 17bD
20 43.31+1.03aAB 0.35+0.05bC 5.15+0.23bceD 44.46+2.63aA 0.34+0.03bcC 4.91+0.20bD
30 42.89+1. 14aA 0.47+0.02aC 4.92+0. 16¢dD 42.79+1.37aA 0.49+0.02aC 4.37+0.13cE
40 42.60+2. 16aA 0.42+0.09abC 4.67+0.25deD 42.77+1.41aA 0.44+0.08abC 4.37+0. 14¢D
50 42.11+1.12aABC 0.40+0.01abC 4.40+0. 10eD 43.64+1.71aAB 0.47+0.02aC 4.35+0.05¢D

DL, =REgh 0 48R B0 100 R H 6 Brightness axis, 0 indicates black and 100 indicates white; a * ; L&, IE{EFS /A~ 40 AEAERERE |
0 ek Red-green axis, positive value indicates red, negative value indicates green and 0 indicates neutral color; b ™ . | s IEfEFg R E
FUEFE A .0 F8/8 P HE Yellow-blue axis, positive value indicates yellow, negative value indicates blue and 0 indicates neutral color. [FJfTH /R
[RI R G 5B 7R 22 AN [R) 0 (0 56 A B [R) — A BB 1] [7] — 2 825 5% | 35 (P<0. 05) Different capitals in the same row mean the significant
difference of the same parameter in the same treatment time after treated by different color lights ( P<0.05) ; [R%H AR A9/NG 7 E R R —S5E
AN Ak B ) 25 S L (P<0.05) Different small letters in the same column mean the significant difference of the same parameter among different

treatment times ( P<0.05).
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Table 3 Regression equation between color value and color difference with storage time of pigment solution from Dendranthema indicum

(Linn.) Des. Moul. flower after treated by different color lights'’

B (Y) SR ] (X0 #4181 7 7

JEIRAL B

Light treatment storage time (X)

Regression equation between color value (Y) and

@22 (Y) SIEHUE ] (X)) 19 [0 )5
Regression equation between color difference (Y) and
storage time (X)

JifE  Equation R? JifE  Equation R?
PR Darkness Y=-0.087X+68.782 0.974 Y=-0.050X+16.298 0.746
2151 Red light Y=-0.877X+52.038 0.679 Y=-0.193X+ 9.903 0.482
£ Green light Y=-0.466X+71.010 0.894 Y=-0.056X+12.655 0.220
W' Blue light Y=-0.541X+66.933 0.962 Y=-0.029X+12.848 0.076
#O Yellow light Y=-0.937X+56.511 0.809 Y=-0.187X+10.040 0.479
15 White light Y=-0.911X+55.208 0.750 Y=-0.210X+10. 661 0.588

DM EE A 412 436 F1 468 nm WA T EM T IE , €2 50H i @25 A 353844 Color value is the average value in 412, 436 and 468 nm

wavelengths, color difference is calculated by the color difference formula.
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KNS MR BIREME AR, HEER T 145
ey e SRR R 1 5 T Ol R g U I £ R R
M EZEA R NEH 2 FEM. — 2
TE S s AR, (57 L R 3 W A% 2 ~ 10 nmy 2 ik
KA b REEAAL, ORI, B0 m
SOMNIER IR LBIE, CA PSR B8 AU
BRMEY) 42 5236 ( Calendula officinalis Linn.) '™ Jj %
35 ( Tagetes erecta Linn.) "> FIAEWN3H ( Gerbera jamesonii
Bolus) """ A & iy 8 b R E O RN IREMT
RASFE 2, S X HE 25 B M W) M4 ( Citrus  reticulata
Blanco) Rz 21 % b R e A B K
Mt FEARF ST R R R B S TR
R, R BB B A £ €8, mT AR R R 4RO
AR A S AL, fE#E B B BT i &% A i
N, Y S A v B i HE e R A R i SNy 1
1,9 R AR ARG 2B RO, 1550 d B sEin
W TEA RIE RS T B35 AL LR W rh 2 8 b
B A BE YR ] AR A A AT S —
BRI MTEZDOE S0t BOEM P& 2R
B MRS a5 E AR R T an 5
LIS [] PR AH OC R B, T eSS D7 ik 1 22 5 K

TEARBEE IR AT, 2R 5 10 KN Y 44
ERFWROEC L LE T 2R, M H 51

40 d ORI H) R AL IR B BN (LR 2)
XFER 10 KZEE 50 KO FE R 10 22 5V A 2
FEWUA AT, 4550 Won  FE R (2008 B0k Dt |
JEFI DA T AL ORI 022 (V) S5 I 18]
(X) ARSI R 50 BA Vg = —0. 069X +16. 989 (R’ =
0.879) . Y, =-0.020X+3.567(R*=0.806) ., Y, =
0.034X+9.340 (R*=0.727) . Y, =0.056X+9. 742
(R*=0.814) , Y, =-0.018X+3.848 (R*=0.938) .
Y, ==0.060X+5. 153 (R* =0. 693 ) , HI M K T
AN € 2 5 TSR T f8 AR DG . 138 B 7 T )
BT 10 d P IR0 2 iy B 22 R A I B0 A =5
10 RNFBESE N 33 A RRAIC (0 3 VA MR e A 1
IO SHRG AL e O ARG IR ] 5 B 2 18 (5 3
KE DR E BB M T 2 — R

WFFE A R B AL O RV P S R 2
NERICERXILL S W BN 5 MEE RO R
TR, LB PR s ] 0 S AR B 8, RS TE BT A 4K
SR DRSO A T2 BR I i v R gl A R
I TRI AL T R B4 v L G o i 2 38 5
YA N R IEAT TG LA I, X2
ERA RN —FBTEM 2 Y AR,
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