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Abstract

Asparagus (Asparagus officinalis L.) spears were treated with white (color temperature 4,500
k), blue (peak 450 nm), and red (peak 660 nm) light-emitting diodes (LEDs) at a photosynthetic
photon flux density (PPFD) of 200 pmol-m™s" for 12 h, and UV-B (280 nm) at 0.5 kJ or
1.0 kJ to determine the effect on agronomic characteristics, antioxidant phytochemicals, and
antioxidant activity. The fresh weight, length, and width of spears were not affected by light
quality treatments. The free sugars and chlorophyll contents were increased by 9 and 41%,
respectively in the UV-0.5 kJ treatments. Among the antioxidant phytochemicals (vitamin
C, total phenol, rutin, and total flavonoid), vitamin C was most greatly affected by the light
treatments. Vitamin C content was significantly increased in asparagus spears subjected to
the white (114%), red (137%), and UV-0.5 kJ(127%) treatments compared to the control.
By contrast, rutin, total phenol, and total flavonoid content were increased only in samples
subjected to the red and UV-0.5 kJ treatment. Furthermore, antioxidant activity, as measured by
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity, increased in white, red, and
UV-0.5 kJ treatments by about 43, 41, and 43%, respectively, compared to the control. These
results suggest that postharvest treatment of asparagus spears with red light at 200 pmol-m™:s
for 12 h or with UV-B (280 nm) at 0.5 kJ could enhance the functional quality of the asparagus
spears by increasing the content of phytochemicals like vitamin C, rutin, total phenolics, and
total flavonoids.

Additional key words: ascorbic acid, flavonoid, functional phytochemicals, light quality,
phenolic acid
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Mo

oAt A A (Asparagus officinalis L =83} chAA A 52 9F2000 2 HE] o =212 0 22 AfjHfj=]o] ItHBown
2001; Duke et al., 2002; Negi et al,, 2010), oA maEA A 0f thed $Rq-E]0] Ql= rutine tEZ]Q] A=A o|H(Sun et al.,
2007b), opA~EREIARS S slA: B w] = o)l folet o s 2 oA QIthKim et al, 2013),

SEluRtol A= ARI oA S 2R AR skl 1966 WHE E7 1ol A e 7] AlRkslgloH, 19681
ol A 2]0] 713hac]] o] =FIt}. “Teu, =] A& 0] vl gt pE 11 50 o= A A o] 2k 7ol AR
= 9F60ha ==0f E-2 11 QITHRDA, 2005; Kim et al., 2013),

222 o] AP OFA1] MBS S A% 915910] 27} 5.0 7 2] e Ehlo] obx| 3 glow], 1o uf
e} ofafe A 0] Faf AUIEHE Z71oHe ZA1S Ho|T Sl ol AmtelA 0] el 19909 TR0 2010 210E,
2015\ 640=0 = 1ld S ASHA 7okl QlehPark et al,, 2016). 0]9F -2 Q1] F71et 2idlof whe ofd] 40
= A o1710] P4 52 7IRke 2 T AR A of|A] ofAmREAAE 2| 0] ESfsAFER JidslEs Eg 7]
2ol gick, T Fuol i 74 771, %, 2, A 1039] o 60 hao] Rl oAkl A7 A SIHRDA,
2014) ¥, 522 200040 120] Q120 420 2 o] 20121 vl Ik BAR= FueRE FEA7)7] 1) A ol2oiA)
25131 QIthKim et al,, 2013).

ol LA 0 & 2150 715 dol| thiet whilo] oA A AlFol ehirEle] Q= 71%57d Aditel Hiet et A k]
7157 de FIANZ17] 917 A7 H ] ZRE W AL Qi ofAmfebA 2 27F AR5 F 4350 AAE TV o= AR A
K] orxmteA 27} epitel Edo] 7 e 21 0 = LR tHTsushida et al,, 1994), oFAmefA 0] fi4kel &4of 7]ofs
EFHEAL EgtH o= AR HisA /\él‘i«, o}~ 3 =2 HAKascorbic acid, H[EFTI C) S0]cHSun et al,, 2007a), Z2}H 0]
& A8 Zo| A= 26 qutin) §eFo] 74 EO B (Tsushida et al,, 1994 Wang et al,, 2003), opAx}a} A 0] §hAke} g4 o] oF
75%S Z}A|SHHTsushida et al,, 1994),

<

oAl F2 A0 2 o} 811 SIAIRE 45t Fol 41 H00] el A o] ] nhe] SOl F
5o 7hyslo] o] 848 = = @ o] ZlE] 11 QJtkShimizu, 2006; Sun et al,, 2007b). TS opATREAA S| 7154 F
AR 5= 2 JfleH(Motoki et al,, 2012a), A8l W 431 & i%ﬂﬂ% 7K Motoki et al,, 2012b) S-0] A7} &hdts] ZI5)
E]7 Qlek. oA AAS] 0 FetE o] EQ1 21 SRS 24 T ApgAle] Hlof FRo] 7P me A 27004 A
AtE] opAmfEbA A £of| @A 5] 5THMaeda et al,, 2010), $HH, ‘?:-_}%E]O]L(hght—emlttmg diode, LED) 5-9] 91253912 0]

BRMEA o] 32 ARt Aol F oA 33 TR A4 et 7158 A el Wk mIRIthE Aol

&A1 QJtHBian et al,, 2015; Chen et al,, 2015; Lee et al, 2016; Son and Oh, 2015; Son et al., 2016).

AP 0] S of Al g Sateh ol AEAdo] AaElA Sz HslollAl 748 17 el sick mebA 2
Aol ofAmREfA L 0] 428 & FA|jo]] 2J3t 7|54 B Y 7Hs/dE Ato] $Iste] LEDLIUV-BE XA}
sjo] e}-Ee] slel oA T2 AL 28l F iR 8 5 Sk v ol =) ek ghts} ghdol vk ke el
1A skt

= Y
a3 =
otelr ey, oFEetA)0) 48 AFA|0) S HARA 28 Belel, ot R EPER)OA A 2
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“rfiste] Ao AT B 1ol A 42t Frdol| A2 E-5 A 2lole] 5 S HS Foll PRt opAuRAA & 4°Co £
ZAoflA 12417 B8-S A 5 2 Aol ARslgith A= 5 BEohe] wsi7t glem Zof oF 22em, AYA1F °F 10g
A o] LR NAE A ste] AlA 5 ARl ARgslTh

AlSo]] ARgSE BE AJ°ES Sigma Aldrich Chemical Co.(US.A)oA Lo6l9l.on, <oz 3 2ntE F &1 (high
performance liquid chromatography, HPLC)E- 0|85t A of| = HPLC& A| & ARE-5HSIT)

LED X UV-B 2{2| &Y
£=5} 5 s 2] A Arefl (before treatment) 2} 534 2] (control) 2 334 2] (treatment) S B 57| Ql6te] 212 T3]
(control} & FAFEfO A 12A]7F 2146153 11, 332 2= g t}o] @ = (light—emitting diode, LED)2} UV-B (280 nm)33-2- 124]
7+ Z A=, LEDA )= ke th & o] mhg2 'HPAS k= A2 5= (color temperature) 4,500 k1 BHANHT 14| 2]) 7} peaku}f
0]450 nm <] HAHHT2 4 2)) 2 peak 140 ] 660 nm Q1 ZAHHT3 4 2]) LEDE AF8-6191.0 ™ LED Yt W o] FeHAd-a-a3<F
Z}&U I (photosynthetic photon flux density, PPFD)S 50} W 47]j0] JL4] 2|9 & & 57| 2|04 &45}o] B+ 200
pmol'm s 2 Aot} UV-BL| F=k 1kJof|A] ofATRREAAL] B50] ZEASITH= H 11(Eichholz et al. 2011)2} 2 A
TR AHAY A EHE o s OM 0.5 kJ(T4A 2D} 1.0 KI(T5A ) F <202 A 2fehlrt. A AV U 2% &
AL 00+2°CE, £ 70+4%2 GA)5HA}

Aol whE el B LNt F o] Wol of {5 S5 ffel A2 A A 7] oF 10g, & Ho] oF22em o] A HAHIE

= =2
ekl 24 veg —‘%046}3‘11 e 8T A, & 201 L 23] W 30 A Chons
o}

7HeA AT FEL oAb A S AAE wfz) ARdbo]| B & Digital refractometer(PR—32a, ATAGO, JAPAN)S 0|8
Sto] 451301, pH=25ote] SR 5Hf) 31418t ] /d=20llA] pH meter(HM 25R, Tokyo, JAPAN)E © -85} Z75}
THKim et al,, 2007),

E2(chlorophyll) &t2F 2
ok A2 19}l 80% acetone= 10mL H7f5le] wA3sIsh F 155 521 10000g2 QHE2]613ic) AsHe ofiA]
(Watman No2)E- o]-&5}] o7}t 5 80% acetone 10mL-E %1715} microplate reader(BioTek, USA)E ©]-85] =753
T} 663 nm 9 645 nm 2ol Z7eE S ef SRS 085101 chlorophyll a, b H - chlorophyll 912 AFESISITt
(Kim and Han, 2005).

Z OtAI 2 H MK(total ascorbic acid) g2 &4

Z oA 2 HATO] SFkO Okamura(1980)2} Hwang et al (2014)4 -2 585101 3R 2l ascorbic acid(AA)L}F 4TSS
2l dehydroascorbic acid(DHA)2] g0 2 ATt AJE0] 252 Ak2.0] FATefof| A 215851 0™, A= 0.5g0] 1 mM
ethylenediaminetetraacetic acid(EDTA)7} Z3HE] 5% methylphosphonic acid(MPA) 2mLE S35}t ] 3024 33| #25}5}
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42} 2 LEDREUV-B A 0] Ofet OtATIRIAA 20| Sk} 715 BFef

gt 7SS A|RE 4°ColA] 2057 10,000g= PR eS| A& AFSHS- 045um PVDF syringe filter(Whatman,
Pittsburgh, USA)= o1}5}o] EX0]| ARSI} DHA= tris(2—carboxyethyl)phosphine hydrochloride(TCEP)E- ©]-&6
AAR THRINZ] & AAE BX510] DHA R SHASHIL) of AT 2 BARS HPLC (Waters 2695, USA Y& ARE61o] AESH=
o] Waters RP C18 3.5/m(4.6 X 150mm) A -2 0]-85}0] 254 nmof| A 24515317, FE-2 Supelco C18 5um@.6 X 150mm) Z
22 o] 5le] 350 nmollA] 25k

FE(rutin) e 24

H10] GRS Park et al (1983)9] -3 A Aslo] Zolsich, AR A2 0260 70% ethanol 5 mLE B33t
=742 g]-s]- et TSI A EE 600020 2 1027 HE 25 F AFS5H-S Fo1o] 045um PVDF syringe filter= o475+
o felS B o) ARESHSATE HPLC (Waters 2695, USA )Y E-A8-610] 71E51%9+=1] Supelco C18 5un@.6 X 150mm) AH-E- 0|
85101 350 anH/H 7ot

i
n°1‘

£ I|=3}38HE (total phenolics) &t 24

T HsddS S5k 1Rt A= 0] A eli= Jung et al 2013) 0] RS o[ 8-510] AATSHSIT BAZRE Al & 101 80%
methanol 30mL-E 7ot ] A2l 4] 2441752t 200rpm © &2 XIg5le] 5519101, FEH42 100 mLE 4§51 A3
ARE519IT) & Hls 9k Folin—Ciocalteu's phenol A|2R2- 0]- 851 H)AHH © 22 =451 tH(Singleton and Rossi, 1965). A&
50uLe] SF54E d7Fte] ImLE Y= 5 0.1mL Folin—Ciocalteus phenolS 7}510] 3E7F Ao A WRAIFICE
Na,CO,Z 02mL H7}sto] E5teli, 2R H7lslod 2mLe 83t 5, AFLo]A 1A]7H 59 HkS A]7] =, uhgole
10,000g 2 105-7F 5 g]5}0] P2 AFgol o] S583-E Micro plate reader(BioTek, U.S A)YE ©]-835] 725 nmoﬂ A =75}
o B2 42 galic acid B ARSI O M, B R BEE e ZARH F Almot g2 Wi o= F3L 5 SRt
B TS0 g kel Ahg st

;RN

1T
o

by
Sﬁ

£ ZotH 1 0| E(total flavonoids) &tk 24

Al E+=Jung et al.2013) 2] HPH-&- 0]-&5}0] &5t 52 AZSH A2 129 80% methanol 30mLE- 4715t F AR20]| A
247+ 52t 200rpm © = ZIEfsto] SESH1 1, 2202 100mL = -850 ARdof| ARSI & et o] = o] gl
Boo et al.(2009)2] H'H-2- A H5to] =451t} Al= 100uLo]| diethylene glycol ImL 2} 1 N NaOH 10uLE 2751
AR of| A 1 A|7HEQT HFE-A]7] & Micro plate reader(BioTek, U.S.A)E ©|-85] 420nmoj|A] S4E 5 A5t EEE42
quercetin2 ARESI1 O, F i EE HFRMES AR F Aot 2 0 & B 5 S B ThEo o

gl 2§ 1ct,

DPPH 2487| £745 2%

A== Jung et al 2013)2] HH-L o] 8510] &5}t S A AR A2 1] 80% methanol 30mLE 718HH AR2o]lA]
24A%F “5<F 200pm o FFsle] FESIY, FEAS 100mLE F85to] Ao ARSI A7) A7 s
2 2—dipicryl—1-picrylhydrazyl (DPPH)E ©|-851=Blois(1958)H-& Y+ W ds}o] =431t Al 100uL ol 60uM DPPH
100uLE &35}5}0] oPATE| ] ALofA] 304 7HEEZ A7 & Microplate readerS- ©]-8-5] 514nmof| A S = S =451t A
201 2487] 272 ol FALS ol §5te] M 806 LiERfalct

DPPH 2+t7] 274%5(%) = [1-(M a7t 5785 /737 Rt 578 )k 100
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22ty 2y

LED2} UV-BO| 2|5t 2|2 Z212| H3}

opAmtEtA A0 YAF-L 12417F2] 33 A Eof| 2l5tod 0.7-1.0% F AAsIH o SAIA ol QA EA] kgtom
£=0] Zo] AA] )7 2jo]7} WAER] Attt opAutalA A 4e0] Hof By} Z 7] B 0] 273 GA] A2 A5 Thof 5A|H
o2 FolghzlolE Holz] §IE=H|(Table 1), 124172 A 2o olsto] BA|F, o], 217 T2 JBEAJo] Hakr] ¢k
o] f=E Aol A ARget FA 2] o] Lt A|7te] A= o] Ea]F] QEA o] Hisle xafg Ao o] of 17| WL

A3 24 Brgo| Wiz

AR EIeN el ol 2 7] 7518 A Wake 9gLon, 92l cont)e] 7% o1k E7] 919] Sdo] 4-6% 7145}
SHEHTble 2) BAIAI21o] UHE- o STPp ) 5 Gk ) 0l Wlsto] UV A1) 415495, W21
(TDOIA 15% 57 }3} AL, ZgAA 2 5HT2) 3’11 AR 2 THT3) oA = HRk7E GGl o, tha791 ]2 cont )l A= 16%

a1t olefeh & G Tege] WAk @4 aohh Fefo] Al P GAIG R0 2 Wsket 2ol ofsl ettt
(Fig. 1).

SZ4 g 202] HOf HI3H UV-B 0.5kI(T4) 1.0kI(TS)= 212t 36%, 39% 271191, LED % Ael i 3-15% Z7}sd.om,
Tl cont )= 16% ZHA51ATE B2 b 614 Qkja) o] 18] UV-B 0.5kJ(T4)TH | 0k (S-S 212 26%9F 37% 4}3}@
31, LED 3 2 2)R=3-11% S7Fokdal, 22 Zof| vlsl tizHcont )= 11% #4513t 422 UV-BL Cof| theh Hhg-2
A2 9l e wiet th2ct of 7ol UV-BRAKIE A2 g ol A f sl o) s Aet, F
2 SFkS- Z71A] 710K Sztatelman et al., 2015; Turtoi, 2013), HE2-Z2E UV-C@-14kj) = *|2|5PH F=40] ot £ #]
AA]Z]H(Costa et al., 2006), T Yo (Lepidium sativum L )S UV-C B6k))Z |2]5FH J=24 BlE Adichl 3=4
sleFS Z7MA7ItHKasim and Kasim, 2012), 2 Ao ME= otamfElA A0 55 7Har) 2= Zog HyH
1.0kJ(Eichholz et al. 2011)7} 71 o[5}o] At 2] 0 & W2 420l UV-B Z|]of oJsf| ofAmfetr 2 <=0 =4 ool 57t

Table 1. Fresh weight, length, and diameter of asparagus spears before and after LED or UV light treatment.

Treatment’ Fresh weight Stem length Flower part diameter Stem part diameter
© (cm) (mm) (mm)

Before trt. 10.44a 26.16a 097a 8.87a

Control 10.33b 25.83b 0.87b 8.86ab

Tl 10.36b 25.89b 0.87b 8.84ab

T2 10.35b 25.88b 0.86b 8.83ab

T3 10.33b 25.90b 0.86b 8.82b

T4 10.34b 25.90b 0.86b 8.82b

T5 1037b 25.89b 0.87b 8.81b

* Before treatment (trt.) and control indicate samples with no treatment and treated for 12 h with darkness, respectively. T1, T2, and T3 indicate white, blue, and red LED
treatment for 12 hat 200 pmol'm™s" PPFD; T4 and T5 indicate UV-B 0.5 kJ and 1.0 kJ, respectively.
Numbers in a column followed by the same letter are not significantly different at the p = 0.05 level by the least significant difference (LSD) method.
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§F R0 PREIch ofefeh Ak 2 Q70 PR WSlol A sre}B7] Hte) M A5tE ook ghe-S Lhehick

718 D82 U pH B3t
22| ofAmtatA A £=0] Gl 2] Hof| ¥l thFF-(cont,) W LEDF 2] 2} 7= 10-13% 743 UV-B 0.5kJ(T4),

2

1.0KJ(T5)=2¥29%9} 4% Z7FoFITHTable 3). UV-CE 1 kIm 22 85 H2jghofAmeiAA 42 55 0] 7HAE 1l 229
Z7h 57 FE ks A Turtoi, 2013)0] B]F=0], UV A 2] Lol 0] YLz o] S7H= 87 AR Q19 i 4H]e] 40| €]
gHZ o7 FAJH ofeh e UV-C@-14kJ) #J2of| Rt S5 A7 @/de HaEe|oA = Ha1E|{rHCosta etal, 2006).
pHi= A2 A} HE Aol A pH 6.2 7t 2] =]o] 42|17 |7 gk 2792 Hslr njn|gh 2.0 &2 A7t Table 3).

OfA 2 HAKH|E}DI C) BHat

oo

2] Ho] ofAT 2 HAMGHES 0F29 mg.100g FW ' & 2] EZof| 4 H 115 o] oF 73-161% $7=¢]) a5t th(Saito
etal,, 2000; Fanasca et al,, 2009), t Z=*(cont ) 2] o}~ T 2 HAL SHRO. 2]a] A shedo]f| HIg| oF 529, A4S THTable 3), ©]

7
3 LSD 0.5
ab

= 6 , T
< C
z | T
2 d d
2 T T
g 4
=
c
[J]
€ 34
o
v)
=
5 21
=

’I -

0

Before trt Control T T2 T3 T4 15

Fig. 1. Contents of rutin in asparagus spears treated with white (T1), blue (T2), or red (T3) LEDs for 12 h at 200 pmol-m™s" PPFD
or UV-B 0.5 (T4) or 1.0 kJ (T5). Before treatment (trt.) and control indicate samples with no treatment and treated for 12 h
with darkness, respectively. Vertical bars indicate standard deviations of nine samples.

Table 2. Colorimetic characteristics of flower and stem part of asparagus spears treated with white, blue, or red LEDs for 12 h at 200 pmol-m?-s”
PPFD or UV-B 0.5and 1.0 kJ.

Treatment? Flower-part Stem-part
L* a* b* L* a* b*

Before trt. 20.2a -6.7a 24.1a 27.7a -13.0ab 26.3a
control 21.5a -8.0b 24.0a 26.2a -14.6d 26.2a
Tl 21.1a -7.3ab 249a 26.7a -14.2cd 26.0a
T2 21.0a -7.6ab 24.5a 26.9a -14.6d 26.2a
T3 20.7a -7.3ab 24.1a 26.8a -14.1cd 26.3a
T4 204a -6.9a 244a 26.8a -13.2bc 26.6a
T5 20.8a -7.0ab 243a 26.9a -12.1a 26.4a

“Before treatment (trt.) and control indicate samples with no treatment and treated for 12 h with darkness, respectively. T1, T2, and T3 indicate white, blue, and red LED
treatment for 12 h at 200 umol-m”s" PPFD; T4 and T5 indicate UV-B 0.5 kJ and 1.0 kJ, respectively.
Numbers in a column followed by the same letter are not significantly different at the p = 0.05 level by the least significant difference (LSD) method.
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Table 3. Soluble solid, pH, and contents of chlorophyll, total ascorbic acid, total phenolics, and total flavonoids of asparagus spears treated with
white, blue, or red LEDs for 12 h at 200 ymol-m™s™ PPFD or UV-B 0.5 and 1.0 kJ.

Treatment Solub%e solids oH Tota_ll Chl. 1 Total asc_(l)rbic alwid Total I?lhenolic]s Total ﬂ_elwonoi?s
(Brix %) (mg:g FW) (mg'g FW) (mg'g - DW) (mg'g - DW)

Before trt. 492¢ 6.22b 0.10d 0.29ab 6.67ab 13.52bc

Control 4.38d 6.26ab 0.09% 0.14c 621c 13.07cd

Tl 4.39d 621b 0.12¢ 0.29ab 6.47bc 13.88b

T2 442d 6.23b 0.11cd 0.26b 5.96¢ 11.95¢

T3 434d 6.20b 0.11cd 0.33a 6.7% 14.70a

T4 543a 6.20b 0.15b 0.31ab 6.76a 14.27ab

T5 5.12b 621b 0.16a 0.18¢ 6.20c 12.62de

“Before treatment (trt.) and control indicate samples with no treatment and treated for 12 h with darkness, respectively. T1, T2, and T3 indicate white, blue, and red LEDs
for 12 h at 200 pmol-m™s" PPFD; T4 and T5 indicate UV-B 0.5 kJ and 1.0 kJ, respectively.
Numbers in a column followed by the same letter are not significantly different at the p = 0.05 level by the least significant difference (LSD) method.

ej Ak of el 0] of AT E HATgIRIe] 428 5 AlZbo] Znfglel mtet F A sk ZARekT € Saito etal 2000)
of ik} AFstet. THl A1) 0] o} 2312 BAT ke WAIRHTY), A3, UV-0.SkIT4)ellA] 48} o] sl 2
7}29%, 139% 8% 27151510k, G BLE el 0] of A5 2 1Ak gk thicont)o Mlal 31-1379% 715k, oleat
ik ofmtebA| 2 4 281 QPAYERel S Rt Eefeie ol T2 1 Ak0] o] ofAmtebA 0] BELAS
5} 9 4] el Ofoh 2R 4 98-S nIRIc. ofefe Ak Lee(011150] 4alA 9717k Aol ot
ehulebyl Co] gago] Z71atek & Aot G4l

ORI MERIC2 T e sonh JRAT P ASE B54A STATL A FRYD SA B A

I

(9]

—746]“0:]0]:6}51 ﬂ——rLﬁjl,}Q}ﬂ-o" 285t ot ATlEEA A9 _I_ri,goﬂ u]epa] C.o) Seko] 7HAsA] 92 5Ho 2 A] e ALE
9] 7¥e /3t QAe] 23l 578 H 0 & 71018 4= 9he A = Az,

2El(rutin) Stk

H AJo]| ARESE A 2] A o ATt A A 4-2] 2E] SFES Fanasca et al. (2009)} Maeda et al. 2010)0] H 173+ ghefat S A}
SEoI. tizHcont,) o] FE ke 28] A tego] Hlsto] oF 5% A6l O WFig. 1), FA|2f7-0] F1 ol 2 A3H(T3)
TFUV-B 0.5kJ(T4)0] 22| 7 gk=gol] Hlsl 212t 9% 2} 11% 57 3Tt 2Ff A AH(T3)1 UV-B 0.5k)(T4) 2| 2|71o] £6 g
o Tl ol Mol 2121 15% S 179% 27110, Eh el o] Sl Ale] An @At ok At ofefet 27t
= g o] FEIgFo] A UV-BellA Z71tal 2 Yoon (2010)2] At} -fAFsH.

FEE 7t Hiket 2480 = DNA, Tl gl 2|8 o) AHslE Aokl P-"ﬂ_ &7 }91' O] QIA| 73730 o] 22 A&
= HEMI= /40 = Aef A Qltk(Fusi etal, 2003). AT EAA 0] £ QF2 Fgo Lt ZHHHHH?Q #atol]eHMaeda et
al., 2005; Maeda et al., 2010; Motoki et al., 2012ab) &7]2] F-¢]of| w2t = E]-E . 2E] 51RO GHEL Z7| KTl AJHLo] of 2]
5710010.03-0.06% B2 (Wang et al, 2003), 57] 2.81o] T2 e 2ol o] €21 el ¥ 51 i, 22 UV-B
S &-8oto] AsAe} A0 e THIANA 7 Y 22 S S7 A1 4= Qs 7Hs /o] AIA =] Ytk Schreiner et al,,
2012). Zr| 2] Qlof UV-BE ZASHH F6 ggo] S7Ieh=t, o= T2 gdste] UV-B= QIR 22| 0] &/ Hofs)

7] 91 A=A 0] 27| B % HEgof s RttHSuzuki et al, 2015), AT EA LA & UV-B A High Hfo]7]2to] 2F55}
of £ 9] glwfo| sk A o 2 A7tEIr.
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Z =3 o

B Ao AR A2 ofATmREEA A 4=0] F HlE531R1E RS Maeda et al.(2005)0] H 19T SHA] o AmfEEA AL HS
StoloL, =4 = 2A opAmfetA Aof| HIstol= Wt o]2fet Aol i= FEo|u Al 5 thee] acle 71R1skke
70 52 7Yt F HlEtte 22] 270 vlof - (cont. oA 7% 7453l o™, 2 (T3)2 UV-B 0.5k1(T4) A2+
= A 2] 2174 9] ettt Hlstt Eo| Ytk (Table 3), E3F AAHT3) UV-B 0.5k1(T4)2] F HlE9t =2 iz (cont )of| H]
A= 9% S7Fol e dEiollA ] Rt A WRloke BHE H Ik o= S7Hell A Ao ofe & Hisghdol S7H=
th= A3HChoi, 2012), 718|311 UV-BE ZAFSH2ZHE (Lee, 2013)$ UV-C@-14k1)E A 2]3t B 222](Costa et al,, 2006)
oA Z shstteol S71kt 2t F e fARSIT

A129] HlEdRtaE2 et et &/t gheld 2+ 2750 2 Qlsto] el iol A= Al W Akelkehed e1o] +F
FS A= 71 o 24 Q1A0] 7ol f-85F 252 UERATE UV-BA 2lof] oJsf| A=A 2] Hof7|2to| Rl &|o] 7]
SlREo] fgo] S7Iohe @/do] thdt AlEgollA TEE|glom, o]2iel /= oRgAkEol A-8sto] Tt ofe i
Z7IX) 7= A7 2188 =] 31 9tk (Schreiner et al., 2012),

ol

e

o

£ Bofu-0l= 3y

of e 0]  Behicol= YeRE MR BUL B ghoL, 7R W 2AH A 5ol Hol2 dsjel 7
o] 2174491 ] w7} 4%] ¢ItHEichhoz et al, 2012; Maeda et al., 2005; Maeda et al. 2010; Motoki et al., 2012ab), OfA1}
2P 20) & EatHico| ke #]a] 2o vla]] tiZ7Hcont. oA 3% 7SI O, ZAHT3)1} UV-B 0.5k1(T4) A
2T ZH2F 9%2F 6% F7SHITHTable 3). H ZARHT3)2 UV-B 0.5k)(T4) A2}70] & Seti tro] & o2 that
(cont)] g3l WIa A= 242 139 919% 27151k, o] = 3xjeld Uv-BAele] ol Sehi ol =] gigo] 271t}
2L 3t Park(2014) 0] AT} AR Aol

=71, Hll, AR AR A SRt Sl Aol UV-BE 2AKHH Eeti ol = A Zo] S71etHHuyskens—Keil
etal,, 2008; Kataoka and Beppu, 2004; Marais et al., 2000). =3t opAumtabA Ao tigtUV-BA2]o] oJe]| £ et o] =
‘gito] E719] /7ol S7teke @do] T E =T, ot Ak UV-BE §I5}] o] F/4do] W2 St o] = 40|
olF/do] w2 -84 FHl= HeE|o] £7] shRlA Az ofset At oA IthEichhoz et al, 2012).

DPPH 2tt|d 2715

ol onfe19] DPPH 2ol 47i- 481 2450 ol o leont e 8% 410 1 B2 1 MK, 2
H(T3) 2 UV-B 0.5kI(T4)oll A 282} 31%, 29% B 31% S7F5Flth(Fig. 2). TR 342|719 DPPH 2t A 4752t
(cont ol BIHo] ST, ZAHI3) 2 UV-B0.5kITA)SIA 212} 43% 41%,43% Z7H5ick, BEfs] i 2 tedz] gt
SHAo]H, T2 HEH C oF Blssgt BVdAAF 27452 7IAIAL Qehal A2fA] Qleh(Frei et al, 2012). 12 Aol A HIERI
C o) gl SSRIT), ZAFHTS) B UV-B 0 SKIT4)IA 71 53k, 612 fedo] A r)ztUV -B 0 Sk T4)ell
74910k B, Sun etal (007212 oA A0} 12 78] 2250 SHIS L Eahiteol= gl HHH PAE
Ik 2 ot 9l web oS Aol o] vleke] € o Sele] g 27 P Bke A7 e] F7100 lofale
7K540] 912 A0 2 7T W 4220] UV-Bi A arbint o jeh, AlEe] 22peiAle] S5t Bishe fimslol Set
sco|=o) uis SEHER) 342 $IE5HL o] Qlalo] 420] GRlsl50] 271he 50 Hap slone At ajlel
22t o o UV-B7T-8-85H o]- 85|17 QJtHMewis et al,, 2012; Schreiner et al,, 2012).
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Fig. 2. DPPH radical scavenging activity in asparagus spears treated with white (T1), blue (T2), or red (T3) LEDs for 12 h at 200
umol-m™s”" PPFD or UV-B 0.5 (T4) or 1.0 kJ (T5). Before treatment (trt.) and control indicate samples with no treatment and
treated for 12 h with darkness, respectively. Vertical bars indicate standard deviations of nine samples.

o440] ZhE E 6t ol kel 4 481 5 12AHERH A LEDR S 0.5k19] UV-BE Helohd ¢)zt 2
e VS A0 ASHE 2ok ¢ u“oEH of| Hpsh= Aol 1 6H HIENI C, 78, & Zeth o] = 2 F vz oF
0] Z¥2} 127-137%, 9-13%, 6-11% =7 51317, DPPH ZF-8-7]9] A -43% Z7¥s}4et. T35k UV-B 0 5kIofA=
Lo} A=A SHF A 271 9%2} 41% Z7 15Tt weba] =2kt O}AM}E}H £201 200 pmol'm-s™' PPFD 2] 2283 =
0.5kJ&J UV-BE A2[sd Uit opiupefA2of vls) 7]/ s AL o= e B = -5 4 e 5 Sl #I=ist
1B ol AulebALE oA TR 4 9 02 Ve, 53] *M 802 Hgpio] e ol AS %
507458 AR 2 AT U RIS R 4 G o] B 4 9 702 Ajzkec,

rE

> 2 rlr oft of

e

=3
=

ol P A S A1) Sltol] A2l A TEla 12417 el AP atol Anfab AL S 2Tz sjo] )
(AL 45000 k), M (peak 450 nm), 2 (peak 660 nm)2] B4 tho] @ = (light—emitting diode, LED)E- ©]-85}0] 4~&lst o}
AIRPAA -8 BG83 I (photosynthetic photon flux density, PPFD) 200 umol-m™2s79] 330 & 12A|7F %]
5}k, UV—B(28O nm)E 0,5k] E=1,0kJ 2 A 2]5te] Yol EA HIEIC (total ascorbic acid), S8 (rutin), & H=(total
phenolics) ¥ & Z2tH ' 0| =(total flavonoids) S} 2|77 A7) %50 0|2 GRS ARSI o] & A8 oA ntetA
Ea ) "Exﬂ%, o], 217 5ol H2kE 2efoA] ehato™, UV-B 0.5kJ ol Bt G4 gl 2121 9%9H41% 57}t
ek v C, £1, F vls 9§ St ol & 5 ARt 3 FollA] HIEH] C =2 tizof] Hlsto] WlAg(114%), 214
& (137%) B UV-05kI(127%) #2|ollA TA S5t 3irt Wi £, & His ‘3—< S o= R AAgo L UV-05
kJ Aol A9t e z2o]| H]sto] F7Feoitt. TR DPPHEH A 4750 & S49t et &2 t 2+ Histe] WA, 2]
AR UV-05 kI A2k 7oH 717443, 41 2 43% Z71510ch o) Ak HA 12412 A2 UV-B 05k A2 of
2apetA 2 5=0] Yof| 2] EA4J o) Helrt 2 el oh= Aeioll A BIEI C, 1, & w5, & St o] = 50 ot 571
VAR AT FFES oRRIch whepA] -kt op At A 0] srof] AAE 12417 B= UV-B 0.5kJ& 2] 2f5hH )

o°l'
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