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Abstract ; The effect of light emitting diode (LED) light irradiation on
the rind and pulp color of ethephon-degreened mandarin fruits was in-
vestigated in this study. The effects of LED light wavelength, treat-
ment time and the intensity of the light on the coloration of mandarin
fruit were all taken into consideration. LED light treatments can ef-
fectively improve the color index, the chromatographic parameters
(a*,b*,a”/b* and C*) and the carotenoid content of ethephon-
degreened mandarin fruit, and reduced the H* value. the chlorophyll
a and chlorophyll b content. Blue LED light irradiated fruit had a bet-
ter degreening rate and color index. Ethephon-degreened mandarin

fruit could develop a better color after a blue LED light treatment at
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intensity of 300 Ix for 10 h.
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Table 1 Test group

) QbR 5

CK ASAYO'E BRI 2 0 R 92 3o Ak B

Red
WA E T 300 Ix L6 LED SGIE T &R 10 h
(300 1x 10 h)

Blue
- LB T 300 Ix fO% LED B F 48 10 h
(300 1x 10 h)

ETH R T IR PR AL R 1 min
ETH+ Red WL F IR PR FE 1 min, BT 5B R
(300 1x 10 b)Y SZHF 300 Ix Y405 LED Y6 FAEE 10 h

ETH+ Blue
(150 1x 10 h)

RSLTF LI FNE BRI AL B 1 min, BT 5 6 R 5
BT 150 Ix 1956 LED YGIE F AR 10 h

ETH+ Blue
(300 Ix 5 h)

RET ZIHFER PR LA B 1 min, BT 565
SCET 300 Ix M LED IR FARHE 5 h

ETH+ Blue
(300 1x 10 h)

RETF AR R AL B 1 min, BT JE R R
SCE TN 300 Ix pHOL LED LI T 4L 10 h

x2 RILBEFTUSIERAE
Table 2 Grading scales of fruit color

R R PURFE

1 HAR RS w, 2R BEHEE

2 R L B RN O AR 100 ~20%

3 ST B LB AR R 206 ~40%

4 T B TR A 2R 4026 ~60%
SUTH % B L R 42 L1 6026 ~80 %%
6 HUTH 4% B L L S B 42 R 8020 ~1002%

w

EREFRERREAN a” b " /b H MC{H, B4
Ab PRI 30 AT AR SR B AR GE AL X R 3 a5 O
fE e AR 2 B 3 A RILR IR E G — A7,
3AFAT BOEBIE E R A,

(3) REMEEK ab KRS PRI BN E . S MR
Gy kAT e,
1.3.3 BUIEGH KEE S M ERERBRYER 3 WK
B 5 Excel 2010 e 4347 -2 &l s i SPSS 16.0 i {4
X BOHE 64T T 22 43 B CANOVA) , 5% ] Duncan’s £ 8 LA
22 5 B E VL BETT 00T, P<<0.05 KR EF B .
2 gikG5ie
2.1 RBRAEWNZEEFERRELINA M

0, 2 SR SR B AR A I T B TR VR IR
BRI 50 B R i 5 MEAR I R A Y . R IR IR AR T
AR SR R B AR UL 1, SR 20 R R AL FE R L SR
S e A W] 0 R e o R . 5 Rl 2T Y R W Ol A B 4
A . 0 A SR AR TE PR e F SR S E b . 58 3 KRBT LM R 4k
ARSI T AT B B Y R B4, A1 L B SR AR BEAR
859 RETHIRSC RO, LM T SN adk, A
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B 1CADFVHD A [A] ol 1 i [ 40 258 5 /R WL IAT L 1 1

0d 3d

(AD. G H) Ry A [ e B 3 4k B SO L. 7 4 45 51 3
L5 LED JEUR 45 A 4b B4 19 48 SR R I T & 0 o
bR, HARGEOR R, [W I, %06 LED SRR 10 h g 2R 5
iS4 B R F 0% LED J6 8 5 h 43 ; #55 LED St i
BRI 300 Ix L T8 LED JEFRERJE 150 1x, i 300 1x 10 h
6 LED SE IR R AL 31 BE T8 A R0 0035 2 0 1l 450 28 1 21
EMUNGRE
6d 9d

A. CK B. Red(300 1x 10 h)  C. Blue(300 1x 10 h)
(150 1x 10 h)  H. ETH+ Blue (300 1x 10 h)

D. ETH E. ETH+Red (300 Ix 10 h)

F. ETH+Blue (300 1x 5 h)  G. ETH-+ Blue

Bl LEDARBARE LHREERERERLMH T QO OORIMEEMERL

Figure 1

2.2 RBLEMNZHESEREIEFHENZN

ST (0 S BRORT LU W 0 R g A AR 8 T R
ASAESL . B 2 T B I P I A R K A7 R A s
M AR B R B LT A, 0~3 d SRS HE o i SR R
P55 AR X AR 2% . Hoh L B 2O R BB
LED S M Z 45 & 410% LED i 4b B 41 (4 % 1 5 iy €
FEHR B B 2w T 206 LED JG IR L W6 LED g I At
ML, ELREASTCH O N . 08 LED eV 45 & Ab 3 1 2 4 1
RGO ARG T A AL RS 3 RIS A A
B 52050 LED e IR 45 & 4b 58 241 A0 20 0k (Y 2 4 kb 3 21 2 (]
W LEAE P2 5 (P<C0.05) . L Ab . B % 5 0 B i 215
b ) €81 i SO S 2 M R X R AL LB O Ak B AR I
P (9 ) 5 Bk 21 b BRI A 7E B M 22 (P<C0.05), %
HH s M Ak B O 2 7 SR S R L g R L S I 8 R A

Color change of ethephon-degreened mandarin treated with LED light irradiation (20 °C)

B B &R,

S BB ] < 5 i O R R S B I R . S
F) ¥ 6 LED JeHRAF ] (10 h) RE bR 52 28 2 7 5 52 R I 1 %
LR, WEAE 3 RRIAE 9 R, BB EIR 10 h i SRR 4 B
T RS R B B LB OB IR 5 h Ab B SR ST 34.29 %0
M 5.260% , H WAL B 2 o] 25 57 b 3 (P<C0.05) , LA 2(b).,

Je AR R B R R O R A A £,
AR 3 RAIES 9 K. 300 Ix (W 64k BiLS (4 2 4 48 4 4 1
RS2 (05 8 HO53 ) L Bk £ 0 R g 2 A SR S 23,68 00 A
9.09 % , H.75 4k B 41 2 ] 22 5+ @ % (P<C0.05), %5 3 KA,
150 Ix W65 A Ab 1 W 25 4R F 2 s 4 20 36 A5 SR S 1 i
B2 300 Ix OGS A A BAAERUE L ZE KT 150 Ix 645 &
G B AL 3, I H WG AL 2R 2 [) A7 7E 3 1 25 7 (P<C0.05) . 1L
Kl 2(c),
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Figure 2 Effect of LED light treatment on the color index of

ethephon-degreened mandarin fruit

2.3 XRLEXMZHEERERRLGEZENTMN

231 OGN MM EMBREEAEME " b7
a' /o) REMECHOMAEEH OREW H3E 3 A,
LI E AU R L O ESH a™ b7 wa” /b°
M CHREAR B RIS H 2R TR B X
5 1R 20 HR 5 B AL R € 1 AR AL 0 B AR AR RE — B
KB IR B T IS RUA 25 301 2T, BB AR B (Z006/
Ot LED SR J5 2 M B 23 85 i 2R 5 4 68 08 T 200k 2 0 Ak 3
Yo AH R M R B L £006 /85 0% LED SRR 45 4 4b B
LIFHMBEROESE a” 0" a” /b7 .CT R H {H 550
AR B A B 25 R (P<<0.05) . [RIEF, i 0% LED %8
X 0 HR SR AT R Bz 6. 22 S 805 W K T 4008 LED S b
L RS 9 KA, 0% LED SGLIR &5 5 A 3 ) 2 I il 5 %
RRL a” b7 A C {H FI 2006 LED JG IR 45 4 4b # 4
7.44%,2.72%,3.01% ., i H, 5 58l 85 06 LED 4b B 41 th
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BL.HOE LED RRG G M a2 S8 a0 .CT
AT

AN Y 56 LED SBU % BEEHRT (5,10 b XA A 422 5
BT —EM2ES. WS 6 R, %% LED Y
HHR 10 h LB AF R I o 207 1 C7 {H H Y% LED
SETEEM 5 h 5 6.51%,9.78%,9.98% . HIF E R F £ H
(P<C0.05) ., #RTM » A [F] 5 56 LED St B (8] Xf o« * /6" F0 H
EA W 22 AN K Ak, B3 3 Al A, 5 HUl 2 0 Ak 3 20
AH LG SR G AL PR AR WA ML I N LR MR R B R S e
b va” /b JCT{H PR H A,

o1 % 3 A, SR R R 3 Ak B 2 0 A AR R SE
ENCESBIEAMROER S —BUWE R, HEMME N
150 1x Al 300 1x ¥ LED G ERARHE 10 h 1) 24 4R 43 25 4% 1
Fa" b a" /b C M H 5 H0M L FAHH B
2 5 (P<C0.05) , RS2 2 J5 W (45 9 KO i, 300 Ix 15 56
LED JEHRZE G A #4509 o7 AL C 433 1 150 1x 856
LED Yt R 25 & b B4 & 2.74 %00 2.59 %,

2.3.2 HEMAHMXMNZBMEERREREOEM " 0.
a” /b)) REMECTHOMEEEH MR k4 mH,
WOt LED St BRALHLRe A b A2 3F IR IR S A 2R Y o " M
P3G M. JCIRES 3.6 M 9 KEF, #56 LED 454 L b 34
a {EA GBIk 2 4 41 5 35.03%,115.34%,33.42% , 48
oM, H A I g o AR b, W LED 254 2 6 40 #1100 B % R A
b A Cr AH A v X R AL L £ Bl b A R B i
LED St B2 (P<C0.05) . BRGRAM «™ /60" F1 H™ {E X
Jt LED S B — E My FR AR fip . W50 3 d G, Bl i O
LEDSGIEANY o™ /0" Al H ™ {4350 5 HoAth 3 AL IMAF7E B
FE2E S, W T . WOt LED-45 & 2 M B8 4k 4k B %)
a” /b HM H™ s F R, WS 6 KEF, i
LED-256 2 A L AR R ) o /0 B 43 3 L X B 40 A
M6 LED o6 BRAL R 57k 2 05 4R 4 41 38.89%0.6.90%
16.80% ; ¥t LED-45 & S Ab BRI ARG R H ™ {E 4 3l te
Yo BB 4L s W5 LED 6 B 41 A s ph 2, s iR SR 411K 7.28 %,
1.63%,3.68% .

24 RBRAEBWMZGHESEGRLIBRZYRIENEN

I R T HORE A SR e i SR 3R 0 43 A R 28 0
MR R, S B A R e P R AR S AN WL R BT Bk
) R 3 R A 0 RN SR SR i R = W
WETRAE MES RN TR M ENEG,
At IR 7 S e s SR S R A A B L I 2 I B I A K SR R
HSRMERaMMSEE DS EYEREZEN FREBE.
M E DRAWEIN A R R,

MG R AR 2RI 3% BT E 4 R a FIMF R
bR AN R 4 AR BRI SR R 2 TN b R
TRAE AR PR RN . %6 LED 454 L b 341 >
2 M Ak B ZH > Bk O LED J% B4 > X B4, DL
Bl 3Ca) . (b), FBWEE LED B Ab ¥ RE N 2 05 18 4% % A
AR 4R R o f b AR . WO ES 6 Kat, ¥k LED 5%
WSS Z IR TR MR a & 400 R B0 2 0 b B A
PR S A B AN N BE A 151,34 % ,15.63% ,12.51 % 5 -4
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Table 3 Effects of LED light treatmentona®, 6", a” /b*, C* and Hue of ethephon-degreened
mandarin peel during storage
ZIEHE b # 0d 3d 6d 9d
CK —9.75+0.35 —10.08+0.11«¢ —8,90+0.42¢ —8.90+0.18¢
Blue (300 1x 10 h) —10.94£0.409 —8.5240.83¢ —5.4640.35¢
ETH —6.324£0.64" 9.69+0.72¢ 14.444+0.85¢
“r ETH-+Blue (300 1x 5 h) 10.714+0.90° 14.5640.73 18.9240.23"
ETH+ Blue (150 Ix 10 h) 11.59+1.36% 16.85+0.57¢ 20.12+0.37%
ETH-+Blue (300 1x 10 h) 11.914+0.80% 16.67+£0.79° 20.15+0.98*
CK 30.3440.59 31.88+1.13¢ 34.55+1.59¢ 34.554+1.08f
Blue (300 1x 10 h) 42.3841.56¢ 41.10£1.67¢ 48.39£1.044
. ETH 47.8840.73" 69.264+0.59" 71.50£0.40°¢
’ ETH+ Blue (300 1x 5 h) 70.10+1.11¢ 70.5840.58" 75.85+0.60°
ETH-+Blue (150 1x 10 h) 69.21+£0.77¢ 76.15+0.59° 73.924+0.38"
ETH-+Blue (300 1x 10 h) 71.02+1.60% 77.48+0.45% 75.9440.79*
CK —0.3240.01  —0.3240.01¢  —0.2640.02¢ —0.2640.00°
Blue (300 1x 10 h) —0.26+0.02° —0.21+0.03¢ —0.1140.01¢
i} . ETH —0.13+0.01" 0.14+0.01° 0.2040.01°
ar /b ETH-+Blue (300 Ix 5 h) 0.15+0.02% 0.21£0.01% 0.25+0.03%
ETH+Blue (150 Ix 10 h) 0.17+0.02% 0.22+0.01% 0.27+0.01*
ETH-+Blue (300 1x 10 h) 0.17+0.01* 0.22+0.01% 0.27+0.02%
CK 31.8740.67 33.44+1.05¢ 35.69+1.43" 35.68+1.09f
Blue (300 1x 10 h) 43.7841.42¢ 41.98+1.474 48.69+1.024
. ETH 48.304+0.69" 69.94+0.60¢ 72.9440.54¢
¢ ETH-+ Blue (300 1x 5 h) 70.91+0.96% 72.0740.51° 78.1840.14
ETH -+ Blue (150 1x 10 h) 70.17+0.95° 78.0040.56* 76.6040.34°
ETH -+ Blue (300 1x 10 h) 72.02+1.68% 79.2640.39* 78.5740.56%
CK 107.8140.30  107.5740.71*  104.49+1.33*  104.4440.16°
Blue (300 1x 10 h) 104.504+1.01"  101.75+1.54"  96.4440.48¢
A ETH 97.53+0.80°¢ 82.0440.59¢ 78.5940.604
H ETH-+Blue (300 1x 5 h) 81.3140.86¢ 78.3540.624 76.00+1.40°¢
ETH -+ Blue (150 1x 10 h) 80.4941.01¢ 77.5240.444 74.78+0.31¢
ETH -+ Blue (300 1x 10 h) 80.4840.48¢ 77.8640.594 75.14+0.82¢

T A5 AR J— JCB AR TE AN [ 5 B 10 A A S 35 22 e 19 i (P<<0.05) ¢

b g oA B 20 A B | R Oph i G Ak B AL AT G R AL
M 52.71% ,46.45% ,42.90 % . (HAER MBS B 5 9 FO B, ¥
ot LED 454 0 b 35 41 R0 Bl 2 05 4b B 2Z [a] it 46 R a
b R E 25 (P>>0.05), HULAT A0, 38 B A4 1 % BAd
FUREDS 15 T 0 S 3 1 PR A AR SR SR R i e 61
GRS R GR A M )G R KBS P RS ENS
I, T 50 W e 2 SR B 0 R 0 KO R I . ] 3
(DT H ARG LS AR R BRI R LR E PR EEEN
TR, RS 3.6 9 K, #5% LED 454 & fi ab 3
AR TR Y bR ER W AL H 32.44%.18.29%,
13.49% , H 22 5% .3 (P<C0.05) ., W56 LED St I8 4k B¢ AT
DI s R R DR R N SRR A R 0

FAH— 2 W CEE R . AR A0 T 6 o A2 v SR S A
AL RIS RAT SRS 2000 8 D E R B B R K, A
ZRAREP>0.05), T RE R S0 HE ok b X 2 A L Lt
S FE A il o R 0 R 4R T g o AL, B0 W % LED o b 31 T
BHERHRRIEFHIEAY P EHRR.
3 B

AP BRI IS & 2 kb P14 BE B 35 b2
MO IR ARG BT R I E @, Hod 2L 300 Ix #5006 LED b3
10 h 8RB, ZOCIRE M AAEE MG R Em R LEO
5 T BT U AR T R L O A 0 R A A 0 i R B A
TR Rz B B 7 SR AR 7 R P B R Oy A TR
HE— 5
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Table 4 Effects of LED light treatmentona®, 6", a* /b*, C* and Hue of ethephon-degreened

Fx 4

mandarin pulp during storage

9d

6 d

3d

0d

b

+0.48¢

9.00

+0.42¢

8.90

+0.11¢

10.08

5.3540.10

9.3040.36¢

+0.10°

9.88

5a

+0.15°

14.81

Blue (300 1x 10 h)

13.40+0.31"

+0.244

7.75

11.3140.30°

17.40+0.19¢

+1.00%

16.69

15.28£0.25¢

ETH -+ Blue (300 1x 10 h)

28.4140.72¢

+0.25%

35.25

31.88+1.13¢

22.332£0.08

30.1040.37¢ 29.1040.38¢

40.65+0.38"

Blue (300 1x 10 h)

ETH

41.90+1.36"

.80+0.65¢

5

25

36.7740.64¢

47.80£3.13% 48.41+£3.05%

50.7740.75"

ETH+ Blue (300 1x 10 h)

0.3240.01° 0.25+0.01¢ 0.3240.01°

0.2420.00

CK

0.3340.00% 0.3240.01°

0.36+0.01°

Blue (300 1x 10 h)

a* /b

+0.00"

+0.00"

0.31£0.00"

0.31

0.30

ET

0.3640.03*

+0.03°

0.35

0.3040.01"

ETH-+ Blue (300 1x 10 h)

29.8140.80¢

+0.15%

36.35

33.44+£1.05¢

22.96£0.07

30.5640.43¢

+0.38¢

31.68

43.26+0.35"

Blue (300 1x 10 h)

50.12+1.39°

540.69¢

49.7

38.4740.69¢

ETH

+2.69°

51.46

50.6540.42*

53.0240.61°

ETH+ Blue (300 1x 10 h)

72.4240.66"
72.2840.56¢
72.7040.16*

75.8240.73¢
71.8340.15¢

72.431£0.71*

76.524-0.26

CK

69.98+0.27"

Blue (300 1x 10 h)

ETH
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Figure 3 Effect of LED light treatment on chlorophyll and carotenoid content of ethephon-degreened mandarin peel
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