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B E: RO (LED) KiiAsDemADGE, LIRS, S0 Hied
N SFERAK. MM R PUELRE D) MR N SRR A (PAL) PRI . 45K
W, ZEVESERIAEK. BmSMS R. BUALEE R PAL PR DS ORI FL R [ . BAORE,
RN IR EE R ARG R 3 ~ 7 d WIRGE, LRGN, BRI S R R R TR
+%%E%c%!”&@ﬂw,M%ﬁ<mm)&@@zﬁMT%ﬁi¢%*%ﬁm Srim. MR, ZF
HEEMPUEARE JI R PAL YEEHTE UV-B A8 Niem. 7040, WOGARIHBEERINT i b
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Effects of Light Quality on Total Phenolic Contents and Antioxidant
Activity in Radish Sprouts

LU Yan-wu, ZHANG Xiao-yan, GENG Dian-xiang, and CUI Jin"
(College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The effects of different light quality on growth, total phenolic contents, antioxidant and
phenylalanine ammonia-lyase (PAL) activity of radish sprouts have been investigated. The results showed
that the growth, total phenolic contents, antioxidant and PAL activity of radish sprouts that treated with
different light spectrum qualities varied with light quality and treatment time. The hypocotyl length and
growth of radish sprouts rapidly increased from 3 to 7 d, and then they increased slowly. Accumulated
phenolic in sprouts also showed the general trend distribution of early stage of culture > late stage of
culture. Compared to dark treatment, radish sprouts grown in UV-B treatment were found to have much
higher concentrations of phenolic. Accordingly, the antioxidant and PAL activity were highest in the UV-B
treatment. In addition, the blue light treatment also induced the PAL activity and increased the phenolic
content in ‘ Yanghua’ radish sprouts. These results suggest that light treatments of radish sprouts, especially

UV-B and blue light, are effective in promoting dietary phenolic antioxidants and radish sprouts have the
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potential to be an effective source of bioactive compounds for the consumers.

Key words: radish; sprouts; light quality; total phenolic contents; PAL activity; antioxidant activity

BRSO R N R 3 P, ndeEFR C ACE A . MR Bi%E (Ciska
etal., 2008; Martinez-Villaluenga et al., 2008; Cevallos-Casals & Cisneros-Zevallos, 2010; Hanschen
etal., 2012, 75 [ R 28 IV B SR 32 0

BN ISR MR 4t A AR B R s A R ERE BR R AR AT R, IR OBER
i AR, BEAE ZE S AR AR I REAT DL 9 0 i A AR K, RS I R
HHIE Y R AR (light emitting diode, LED) 5 G R BEHE m 28 1587 & e b R 25 12 A
TR, FE A Bl AR B AU BT A 7T 405 (Morrow, 20085 hilH 45, 2010). B2 mift Jytl
Yrrp AR ), BT 2R AREYE, bt UM, PUREERIBUESE (Apak etal.,
2007), RN ZF SIS TS T o VFZREIURI], B2 50 AR )& ORI 82 52 BB
(540, 35650 (Ghasemzadeh etal., 2010). J/5ii (Samuoliene et al., 2011). Y&/ (Swieca et
al., 2012), MMi& DG EE rT $& Sl Pk N Yy 28 7 & i se Ak fig )1 (Pérez-Balibrea et al., 2008;
Younis etal., 20100, Wu 5§ (2007) [EFFE, Z0GANEERESE Ml & o b sa b ae )y, ham s
FEME. Lee 55 (20100 HIWFFEAIN, WG RELR M R M h R RMI BT & &, HAHN I Hts b
[[ARCR Y

AARI: B AEVIZERIT LED JGFON 2 1 25 Bk s By R i & B e e AL BE SIS, e b
S DM AR P DI R BOR L 353 b2 i S b i) & AR PR A

1 ARSI

1.1 REH R 5K A%

B MEACh e N M SRS b

B NP AR 120 5, RBREF R RIR R LR, WA 2 Rk, KR T S
JEFRER 2 em JEIE A I F AL, BRI 2 d J5E TANE LED R FRA PR, BOB 3. 50 7.
9 M 11 d JEBENLIBCREEAT AR OCHRAR I IAE o B5FRA0 AR BE R 80% iy, WEEA (25 +2) C,
FRIEOE 12 he

JEALFAE LED ¥ IR FRAE (T g B SRR g s ) 267D Wik T . M TIE LED S,
AR S (W)L 4008 (R). #)6 (B) &3t (Y), H UV-B RAMEREATE1E UV-B O, LIE
MEEEFE (D) FE X . ST OGS RE R A R B ASEC: W IEHIE K 440 ~ 660 nm; R
WAL %K 658 nm, PKAEHE 5 nm; B 2350 460 nm Al 5 nm; Y 435k 585 nm Al 5 nm; UV-B %3
524 300 nm Al 20 nm. 85 G LRGSR IR R, TG E T (GLZ-A, WL
PR EeE, AN 30 umol - m™ - 5™ A4

1.2 MEMBSMER*
FHE R 2 2R 0 R IR, e B3 i PR S, 7E 85 C LTIl T i it
B I e S IR SIS (2011) (798 B I R I 2R & 8 F A5 5 T4
HEA R E TR YEZ R R . S BUE A RE ) PEAL R AT B R AR RIS 1 A
(DPPH) 3% (Limetal., 2012), Bl 0.2 mL SEHHEEHS 3 mL 0.1 mmol - L' DPPH Ji& & 471 MG
TR N 30 min, T 517 nm AMERSGE, THEAZ: PrEEALEES (%) = (1 - Agpy, wi/Asiy, ) X
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100, 4 T 58 4 Hb s BRI 2R R I BT A A RE 0, B SE Jib A H i A R ee e BBl tbag
15 Ry RS = I LA R Lh P4 BE J) (Cevallos-Casals & Cisneros-Zevallos, 2010).

PAL B9 11 4 2 o455 (2012) 177k WFES IR AW EE J5, HERRFREL 1 g oK,
BN 10 mL $2H0G% (0.1 mol - L™ IR ZE 7 pH 8.7, 0.05 mol - L FidAMLE%, 0.018 mol - L' B - %
FE D), VKIBAISE, 4 °C 12000 x g 250 30 min, iSRRI BERLEEE, B TR0 PAL B§3E (Lister
etal., 1996),

BRI BEHLECRE, 38 3 RE R . K SPSS 16.0 AU T AL B, Origin 8.5 AR, B3
PE B W B AR 221K 5, P < 0.05,

2 HiIR50H

21 SERXME NEFEREREI
HIZE 1 RIJn, % N2 N R BE R IR I TRV R S iy AT 1, 3 ~ 7 d Shnidas, 3L a1 nge
18 FRIBFALEER RS E A, T A BT RA A ISR AN, UV-B AR BRI O S W A2

F 1 XRMNE PFEFMEEARE. TREMTERIKHZMm
Table 1 Effects of light quality on shoot fresh and dry mass and hypocotyl length of radish sprouts

BEFRI R/ 6 F73k# b Qingtou Luobo ¥16% N Yanghua Luobo
Treatment  Light Mo bR i /mg BT Fih/mg T RS /om Mo EEREE T /mg M BT i /mg NI K /em
time quality Shoot fresh mass  Shoot dry mass Hypocotyl length  Shoot fresh mass ~ Shoot dry mass Hypocotyl length
3 D 118.78 £ 6.05 a 6.88+0.61 a 8.85+046a 67.09+5.13a 453+034a 5.88+0.71a
W 96.92+4.03cd 681+040a 5.52+0.62d 4337+529d 321+£0.26b 3.74+0.30 ¢
R 103.95+3.10bc  6.34+0.18 ab 6.32+051¢ 49.41 £4.96 cd 3.33+0.59b 455+0.54b
Y 111.09+5.13ab  6.03 +0.68 ab 7.13+090b 64.94 +7.34 ab 349+037b 571+022a
B 9539+824cd 555+0.84b 6.29+0.74 ¢ 5531+3.87 be 3.73+£0.20b 471+£0.74b
UV-B 87.70+6.11d 5.96 +0.50 ab 3.80+0.50¢ 45.03+5.36d 3.09£0.32b 3.11+£0.22d
5 D 140.78 £ 1.55 a 7.97+0.40a 10.73+£0.64 a 8234+7.11a 454+040a 7.83+0.52a
W 101.41 +4.30d 6.15+0.81b 6.48£0.51d 53.11+3.28 ¢ 337+£0.26b 487+0.76 ¢
R 132.62+7.28ab  6.89+0.22 ab 8.36+0.76b 59.49 + 8.80 be 342+0.73b 5.87+0.34b
Y 122.70£9.77bc  6.79+0.94 ab 8.55+0.76 b 70.15+5.96 b 3.98 +0.20 ab 6.25+0.38b
B 118.04+5.00 ¢ 7.09 £ 0.43 ab 7.38+0.53 ¢ 65.75+2.65b 4.03 +0.70 ab 5.15+0.60 ¢
UV-B 100.58 £8.74 d 6.36+0.73b 511+057e 53.40+529¢ 3.11£0.30b 425+0.50d
7 D 143.58 £5.35a 6.22 +0.57 ab 11.58+1.13a 81.59+4.56a 386+0.21a 9.01+£095a
W 131.01 +8.77bc  7.41+0.80a 6.51+0.81d 61.93+4.11 407+042a 539+£0.74 cd
R 13592+2.75ab  6.06+0.57b 8.54+£0.83 be 67.97+3.88b 3.64+0.51a 6.39+091b
Y 142.13 £ 6.06 b 6.76 + 0.44 ab 8.99+0.58b 73.34+£5.40 ab 3.68+0.54a 6.74+0.55b
B 122.76 £5.24 ¢ 6.97+0.74 ab 791+0.64c 6421+7.67b 331+0.55a 5.64+0.59 ¢
UV-B 122.61 £3.55¢ 7.05+0.52 ab 6.01+£047d 62.04+846b 347+034a 480+043d
9 D 147.86 £ 6.09 a 6.72+0.71 a 11.62+1.07a 81.23+4.35a 3.64+045a 9.14+0.75a
W 129.80+528bc  698+091a 6.53+0.66d 65.90+5.17 ¢ 357+0.71a 546 +0.68 ¢
R 14041 +£5.72ab 6.49+097a 8.90+1.00 b 77.50 £ 6.52 ab 3.73+£0.61 a 7.13+0.46b
Y 142.71+£935a 6.47+090a 9.18+0.66 b 75.12+3.46abc  3.53+0.75a 6.83+0.66b
B 120.69 £3.59 ¢ 6.71+057a 7.90+0.95 ¢ 71.32+£5.21 be 3.76 £0.25a 7.28+0.66 b
UV-B 124.07+£4.84 ¢ 7.77+039a 6.92+0.62d 67.59+3.68 ¢ 347+032a 5.79+043 ¢
11 D 146.85+1.08 a 6.45+0.20a 12.03+0.77 a 84.82+0.86a 348+0.54a 9.48+098 a
W 130.30 +2.01b 6.02+0.15a 6.75+0.71 ¢ 73.35+1.24b 3.18+0.36a 5.87+£1.04d
R 141.50+£7.74 a 6.87+039a 9.69+097b 72.03 £1.29 be 3.99+0.73 a 8.59+0.88b
Y 142.87+3.62a 6.06+0.68 a 9.29+0.83b 73.14+5.39b 3.27+0.61a 6.90+0.72 ¢
B 119.27+897 ¢ 6.43+1.00a 9.34+0.68 b 71.54+0.31 be 3.50+0.44 a 7.62+0.78 ¢
UV-B 12642 +£6.52bc  7.19+£0.71 a 6.97+097 ¢ 65.30+794 ¢ 3.03+0.33a 591+£0.67d

TE: R IEL = ARHER ANE T RERORAE P <0.05 KPR E R,

Note: Data are showed as the mean = SD. Different letters means significant at P < 0.05.
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&N ZFE A BRI 3 ~ 7 d HEnALR, FUSASAANK s (EOLBAC BT B 22 52, TR AL BE
N, HUCVZDEMEDG, ARG, FDGH UV-B A2, b 3T B /e R 150 ] ) A2 4k
Z:ko

22 RRME MNFEREHMEYNRESEWFIT

T BT H, B NS SRR S P R i AR IR I e T R IS

TR BRG] 2 P P S By W T B S R N R RS SR IS T AN R A o 22 e SRR
HRE N M BAEE N SRR YNSRI UV-B AR N, SRR IAREL,
SR T 51.6%F1 49.9%. ‘FkE N ZFE TSR RY IS B A, 0%, BOCHIEDR BT
TR 2 AR TR, Fb. AOBRIERANE, WA 3. 7. 9 AW M R N ZEIE
My R A AN
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Fig. 1 Effects of light quality on total phenolic contents in radish sprouts

23 ARXME NFERMENENRIZIm

Wk 2 fros, %N A bR K2 i BUR AL R I AR AR — 2, B9 3 ~ 9 d AL RE 1B T
B, A1 d N REE. FSRE RN MR N FEPURALEE IR UV-B AR R . 5 RIS
ARPEAHELE, BOCTHIFR7TdM9dK “HLE N PR B TR N ZFRER
JCRHIFR 3+ 5 A 11 d e HHTa e RE )t 5 3 i T T
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Fig. 2 Effects of light quality on antioxidant activity in radish sprouts
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M 3 a5, BEERFFERI A, 2 NPAS SR 2R e praE A RE DB, 5 RE 9 d
A 3¢ 1 o
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Fig. 3 Effects of light quality on specific antioxidant activity in radish sprouts

24 RFRWE NFEE PAL EHEAI S0

wmE 4 fros, 5RMBYE B RPUEAEE 3L A EFRBIEN, UV-B BRI
SKE R OML WA N ZEN PAL YR T R A G AR EE,  AbEE S d I PAL SE MRS
43504 82.01 F192.61 U -min™ - g FW.

AR AL EET < F kS N OZEN R PAL WETEREIANK T Mtes N b, 5 REE A A
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OB Dark 0 3% White B0 Red @35 Yellow ®m N Blue ®UVB

L4 b Qingtou Luobo HAE% b Yanghua Luobo
90
—_ 120
d'?“ 60 f e
= =
h s
= 30t =
< =
= | =
o il ad " il " - 1 L
3 5 7 9 11 3 5 7 9
HeJERtl/d Incubation time Hs3#RfH)/d Incubation time
4 XRME MFEIE PAL R
Fig. 4 Effects of light quality on PAL activity in radish sprouts
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31 SERXME NEFERERREIM

ZF TR T A e ™ B M ) (o AU AL B 2R 9% 3 ~ 7 d IR IRA A
RS INRGE, FSH KR, X5 OHOERPIER R 58, 2008) 8, HA™ Bt
W2 PEFHSIE IR A 7 d R 5 RIS AR FIAH LY, DGR B AL B R (KR D 2 e R g D A,
MEEYE. FAYeM UV-B W FRAR T2 P 2R i iR . IX R 5 206 P Mol & R Mokt 5
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YA &, e KA SRR 5% (Kowallil, 1982). Kozak (2011) WFFEAIM,
AR TR G N, RO EOUR TR AW 18 S AR DS LR U >, At — 2.
32 AFRME MNFEREMEVMRSENZM

— ik, P SRR, TR RS WAL S mKE R R R, X Re
&) 3G 1 JE AR AL (1 3R 15 (Pérez-Balibrea et al., 2008; Pasko etal., 2009). AIRK:H LI, #Fh
BN A SRR Y S AR SR R T RS . B B R T RN, 2 S T
KU TS EA P . X5 MR8 2R o4 G S LY i KA S P e B A G

(Khandelwal et al., 2010).

AR, UV-B 85 S804 N (Avena-Bustillos et al., 2011). 4. (Hagen etal., 2007).
Fr#¢ (Interdonato etal., 2011) “EMyZRY AR SR . ABFFTERM, “FhE N M “Dfes b
KR RY) S BAE UV-B 2B N iemr. 74h, AR TIHAR T WOGAE, & “Bfes b Jhi
e R m DM RIS, XS Lee 55 (20100 FWFFT45 R —3L.

33 ARWE MFEFEMEMNE NI

VP2 R, MRV A bR ). AR5 R H DPPH &S W R4 B () Hisa Ab e
1, RILPHAE N SRR 2 e A LR D #R 2 AE UV-B Kb . X 0] B Sy 2R A —Fh
PUEAFR R DN AFIAEE (Lim et al., 2012) HX. 748, GWFIRE, ASFERHHE YA
P B FRAR Y W) T T AN ], 1T 528 IR S8 S 4 53 5 s Wy P it i bt i f Be ) (Oh &
Rajashekar, 2009). M 1~3 W1, RiFR o1 BN 8w By 2R i &, (HHPUEAGRE )RR
WL s, OGBS bR LB E AL RE I e d 9% 9 d IRy, RGN R 9 iy
wZHENS DPPH M 14 FE ] (Cevallos-Casals & Cisneros-Zevallos, 2010). 4k, de Ascensao
H1 Dubery (2003) fHFURIN, 65T AL I AT i 52 0 A 5T 2% A IR 2= B A2 B, 1T R840 o it R o 32 ok
NEZE BRI, X FEmY P o (P BE ) R 25 52 B 52
34 RFRME NFHER PAL FIERISND

PAL & R N ZIRCHHIE I 2 — N G, 5172 HAA R My 2R i it = 4 k. PAL
s M R, ZVEZ AN E A, AU R G RIS 4F, 2009). f%iH (Ohetal., 2009)
o WWAN, MRS B E B UV-B 55 rll i 95 PAL. 4CL. CHS 45— R4 5MRY &
JSHH S A B 5 R A SR R B 5 9524517 (Jansen et al., 1998; FAMEFIEENE, 2009; FKHTK 45,
2009). AWFFLEREY, IS MBI ESE PAL WG TEHELE UV-B b8 F s 7ok, ot
AP R E R T e N ST PAL VT . Yousefzadi A% (2012) WFFTAIL, AR T RIS
MEDEALE, WOGE AR M L. album o PAL 35, HEOG T PAL BRI R R ERE S . 298, PAL
SO Y 56 oA TP IS — N DGR, A DO IO ZIg A h AR SCHERG (15w, IE TR — P

grbEpTig, NAPDEFAREE (i UV-B FEDG) BEINE b 2R Se b Sy R i A AL e
P2 5 2 B S O B TR DR A T JBTA AT IR, T RS0 A 2R B ] e PAL VPRI s AR DR SR
HHR S .
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