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Evaluation of Individual Glucosinolates, Phytochemical Contents,
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Abstract. The aim of this study was to evaluate the individual glucosinolate (GSL), total phenol, total flavonoid, and
vitamin C content, and antioxidant activity under various light quality condition, mainly focusing on red (R) to far-
red (FR) light ratios in three Brassica sprouts (radish, Chinese cabbage, and broccoli). Three R/FR ratio of 0.6, 1.3,
and 2.0 were exposed to 5-day old sprouts for 48 h in a controlled environment, and the targeted phytochemical con-
tents and antioxidant activities were compared with three separate control plot of dark, fluorescent, and red:blue 8:2
conditions. Total GSL content was highest in broccoli among the cultivars throughout the respective treatments, and
increased with the increasing of R/FR ratio in the broccoli sprouts, while the content showed non-significant results
in the Chinese cabbage sprouts. The progoitrin, a major GSL in Chinese Cabbage and broccoli, content decreased by
upto 38% and 69%, respectively, with decreasing the R/FR ratio compared to the control plots (fluorescent, red:blue
8:2, and dark condition). The contents of phenol, flavonoid, and vitamin C were lowest in dark condition in all the
three Brassica sprouts. The total phenol content and antioxidant activities increased with decreasing the R/FR ratio in
all the Brassica sprouts, while total flavonoid and vitamin C content showed different patterns depending upon the
Brassica sprouts. These results suggest that additional use of FR is expected to improve the functional quality of

Brassica sprouts in different ways.
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o =
FAS G 5 7] vl ddikd 2 3 AEgt
Aol 83 AREEA Yt (Massa 5,
Morrow, 2008; Yeh®} Chung, 2009).

21E0] A 2 gl JEkS miX= Tkt 3 2
A Foll shrt B3] 8 oAl o, =,
7] 9 B Y e AR 259 AYH,
esta] 2 RstE wkgel JE FITK(Goto,
2012; Taiz®} Zeiger, 1991). webs thFst LED 34,
BE 9 FF7ld e AE FH 9 AEsskEe]
sl #sk B2 A7 AT Bl iE A=
A7 B AOARHE Sl mxe k] #gE A
= U FAERT AAgE bokst 25 A &
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Aol (Johkan &, 2010; Nishimura 5, 2009), 2%

o] A tEAlolddEke] Zrlo] &ETH o] (Giliberto
5, 2005), TSF AL M)A glucoraphanin, &

phenolic, QFEAJOPIRHF B akslebd S ST ZItaL
Ls}oiL(Qian % 2016), UV-A SA] 23304 ote

Alobd 248 FE=3H K Tsormpatsidis 5, 2008). 2|3
21 E-g 7ol A R/FR HlEo| mt 5] s 3 ookt
A DgeetEo] S7F Stk Hasiith(Lee 5,
2016; Lee 5, 2015).

GSL= w5 Aol F2 Atk 7154 20
2 2 49A dom, A EAlSh= myrosinase 5 &
Zrof] oSk 71583l AHE- 2= isothiocyanates, thiocyanates,
nitrile 5°] AL, oJHg EHES XY FENA
gt 2 ghkslavs VR B 1E ok Halkier}
Gershenzon 2006). A GSLY] £/+= 20004 Zo]| 9]
231, FZo} AT A 9 kst ZE Eo|x9
GSL 32 wo] Wyl o3 Ayt L—Q SATH(Clarke,
2010; Bhandari 5, 2015; Jo &, 2016). & =g w}l&
HjS2} AZ0] GSL o] wsll tigt A+ Z7HA
Agte AFART}E WEE vh Aok AL AR LED
©dd Aol webA opekst sfEe] GSL gERdolvt
AR (Qian 5, 2016), BF71(1277F 244710l

2 BRI AE3)sEde] WHIl(Steindal 5,
2013), 3570 o= o714 GSL AdE A7}

B %k Huseby 5, 2013) olg} 2 VIE AAw
58 FE WY e Ut 23] FAs) Aasge]
&35 Al 93t 3ol FAZ=o] Ut}
AEe NEZZS T3 okt §3le] 4 FeA=
B3 54 3 3FE AR AEFUIE WS ¢
ﬁlﬂ-(Talzﬂ- Zeiger, 1991). JET=L v = T4
FEE 7FAH R/FR Bl&o] DHstA #-d=o] Qdar, o
0] Ejdegoll A RFR BIES 9F 1.0~1.39 & 7f
ZtH(Holmes®} Smith, 1977a). R/FRS] HIE-S xjH}
APge] wkom, 5] ol wt ot EEpRARE A
Halo] wetre W7elA] thHolmeset Smith, 1977b;
Hertel et al., 2011; Turnbull®} Yates, 1993). ZHIol=
FR7} 21EA73 UleL FFS Wrlske ATEel o
T SRS 1 T wFHe] ZdAER] of 7ol
H R/FRO] Hlgo| 7kadle] we}l & FRO $712 &7]
(Finlayson 5, 2010), ¥AF#(Sasidharan &, 2010)2] 2

o7t F7FIANE, WHIE  7]FUXE(Boccalandro T,
2009), YRR (Salisbury 5, 2007), ¥2]Zo](Reed 5,

1993) ¥ indolic GSL?! indol-3-ylmethyl GSLe] 3=

o] 7rA3lTHCargnel 5, 2014). AL ARA] FR
S HPFo=A UukARl 3t 7 aliphatic
gleusoinolate(GSL) o] SISt Rusiith
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(Carvalho®} Folta, 2014).

web B Aol H A% 54 Aw 9 P
g 2 g VA loE deA oy HE
s3] Blgld AFHe =z 7)=A Aae oisk Bt
PEQY FRO) 1SS HFOE DSl Wi A
o 4 & B4 /N GsLY| Fhg B duk Palst
7Tede 3% Wi A ol8ste] Hrkskaat st
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1. &ENE

AE AEZ2= Y87 F(Koregon, Seoul, Korea), “=
5> W5 (Koregon, Seoul, Korea), “Wlg]®” BZZ]

(Takii, Kyoto, Japan)2] 3% w5 A4 38 TS

wa)ze) Fejz Apsled Agel ok,

2. Mo A=A % LEDE 0|28 FE d|g X2
Qo] AE sk, HMR, 660nm), (B,

450nm) 2 LHMAHEFR, 730nm)e] H]Eo] 24E V53
’\“j*g"]"\]'(65><35><50cm)— HEZ AZlsle] Aol o]

&3tact. 7, wlF, HEEEY TAE 4 4, 2, 2%
ZE’\Oﬂ 18AIZE HAAIZ] & A A8 71 (32x22x 14em)
of wFatar, A 7IzF T == Ak, AEAAE
ol A ATt

BT UIF 25 24£1°C, FET 35£5%2
A=A,  F=A(SpectraPen LM 500,  Photon
Systems Instruments)S ©]-8-3d RajA AF F9] 7]
F WA FEAES 150umol-m™s'2 ARSI A
P W 9 59 E9F eEelA Xﬂﬂﬁé}‘ﬂ Shul=
A fAEsla, o]F 2d FoF 2407 ALFzHo g
EDE ©|&3t 7} J4d Hl& AHIUE st =9
Foll= FAE glo] 798t A& A At
Atk RFR HlE A= T4E redblue 820 FRE
Z}z} 200, 90, 60pmolm?>s'E F7}5l] R/FR HIE-S
06, 1.3 ¥ 2002 AHsIatt. S (dark)d F35
(fluorescent), red:blue 8:25 R/FR FAH|E A 2]+<]
iz AAslal Ao Agads Blal S48
TR e W B & 547X (Freeze dryer FD,
Iishinbiobase, Korea)sle] #38lst H GSL, phnolic,
flavonoid, HIEFY C % is|EAd EX4S 95k
20°Cel] B39 T.

/\1:1__
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3. Glucosinolate &4

GSLE= Jo 5(2016) el oJste] A=k A8k
FARE FEAIE(100mg)2t 70% methanol 1mLE
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A QA 2} gl T 3% WET Ad Ae] Glucosinolate B 2w 7154 %7}

2mL tubedl] Wil 70°ColA 1AZFEQE FESIAL 4°C,
10000gollA] 2037 A4E2] (Centrifuge  Smart  R17,
Hanil Science Industrial, Korea)S 3}it}. YAlEe] &
FEAs AER FEA &71aL FolBle eSS 7HA
19 L 28] wEse] FEHAL. 45 S

v]g] M3 DEAE  sephadex-A-25  slurry(Sigma-
Aldrich, St. Louis, MO, USA)?} 0.IM sodium
acetate(pH 4.005 ETFEZ FTZE mini  Bio-spin

chromatography column(Bio-Rad Laboratories, Hercules,
CA, USA)l E8531 200ul sulfatase(EC 3.1.6.1, type
H-1 from Helix pomatia, Sigma-Aldrich, St. Louis, MO,
USAYE A2] 3 D3t 2o 18AZ desulfation A|
Zt}. Desulfation® GSLE S5 0.5mLZ 3 =3}
o] 02um PTFE syringe filterS ©]-838}o] ofa}gic}t. 1
% 1200 series HPLC(1200 series, Agilent Technologies,
USAYE o]&3t At AHS Acquity UPLC
BEH-C18 column(1.7um, 2.1x100mm; Waters Co., USA)
S AMESlA, 229nme] SEE=F photodiode  array
detectors ©]-83te] 4B B0 A(100% SFS
|1 B(20% acetonitrile)S  1-99% gradient WS}E
0.2mL-min'e] Z7ofX EHFAHE #F-5 AIKE 258).
Gradient 272 HZ 11574 A 99%914 B 99%% W
3A7)aL, 158744 B 99% Z7olM FAAZ H 15E
M TAl A 99% Zo® WS, 258714 A
std 7 desulfo-GSLE #8]-578 33T} Gleosinolate
o] Beg]-542 25k glucoiberin(IBR), progoitrin(PRO),
epiprogoitrin(EPI), glucoraphanin(GRA), glucoraphenin(GRE),
sinigrin(SIN), gluconapin(NAP), glucobrassicanapin(BCN),
glucoerucin(ERU), glucobrassicin(BRA), glucobarbarin(BAR),
gluconasturtiin(NAS) & 12%2] %552 (Cfm Oskar Co.
Marktredwitz, Germany)S ARE-sIich Z42be] dFE4
58 A5e Y WO R desulfation A|F 3L, HPLC
2 o9 939 WAy FEE ol8si HF A
_]

4. & phenolic & 24

% phenol S Singleton®} Rossi (1956)00 7]&%
EAHPH| wle} Folin-Ciocalteu B]JAHo =2 B399}
A B2 (200mg)yS 80% FIERS smLot &kl
50°C 2 120rpmSZ A3+ water bathol]A 60%7F 5
Z3 5 4°C9] 4000gA 1533 A4 ). 2kt
Al, 400pLe] FEES 400uLe] E3} EFS}al 200ul
9] Folin-Ciocalteu (Sigma-Aldrich, St. Louis, MO,
USA) Aok 7Kl vl 200uL Na,CO; (15%)5
A7y, BEAetal kel RSt 1 ARE F
Multiskan GO #38++4]7](Thermo Fisher Scientific
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Inc., Waltham, MA, USA)S AFE3lo] 640nmollA S3
=5 =431t} gallic acid (Sigma-Aldrich, St. Louis,
MO, USAE %T EZ=E AM83lY HFde v,
A= AZ THE 71FC2E mg GAE - ¢! DWeZ
AT

enichini $(2009)%] #HS
HEste] 43I0 F phenol A0 EHE Holx
A FEES ZTPE o= Ao AR Y F
= 11

= 7kt 5 & & AICL - 6H,0 (10 %) 60uLet
NaOH (IM) 400pLE 37Fslal Multiskan GO -3+
7](Thermo Fisher Scientific Inc.)5 AF8-81 510nmel|lA]
TH=E S48} TE. Catechin  hydrate(Sigma-Aldrich,
St. Louis, MO, USAYS “FEAE AMg3lgomn, Az
F%S 7|F0 = mg CE - ¢! DWE JFAIETh

6. Vitamin C &2 24

Vitamin C €2+ Bhandari®} Kwak (2015)%] WHS
e} FAEIT 7k, 2 AxE BT AR 0.2gS
5% meta-phosphoric acid 10mL &338}al = 3T}
4000gellA 5 &3 A4 e & AFHE 020pm F
APl ZHEZ 478k $ Acquity UPLC ® HSS
T3(1.8um, 2.1 x 100mm)yZ27o] FZE Agilent 1200
HPLCE ©|83}%3l, PAD AZ7IE 254nm= A7g3}
A5 o] 5/ 99% 0.05M metaphosphoric acid
9} 1% acetonitrile (ACN)Z O]FojFom, {5
0.2mL/min'©|T}. Vitamin  C  (Sigma-Aldrich,  St.
Louis, MO, USA) ¥FE2S ALgsle] 9aE 3RIst
3 A stk

HI

7. itEks 24

7.1 Feriic reduced antioxidant power (FRAP) 24

ksl 848 Thaipong 5, (2006)9] WS 25 &
Aol BEASIATE. WA, 300mM oFMEHICIE 5ol
(3.1g CH;NaO, - 3H,0 2 16mL C,H,0,; pH 3.6),
10mM  2,3,6-Tris(2-pyridyl)-s-triazine (TPTZ), 40mM
HCl ¥ 20mM FeCl; - 6H,0& 717} A&t 19
2 olAHolE 95 TPTZ & 2 FeCly-6H,0 &
MS10:1:1 (v/v/ve vHE&RE E38la 37°C2
7ke3te] FRAP #4848 AlZ3I3ct. 1.5mL FEol
A A FEE (50pL)yS 950uL FRAP HA418-A3} 10
B2 wk8A171 & Multiskan GO #-3322715 ALg3}

o 593nmollA FBEE SHIIT EEEAEE
trolox(Sigma-Aldrich, St. Louis, MO, USA; 100-
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500umolyE AFE3}H 2™ umol TE-g' DW Z 3
At

7.2 2,2-Azino-bis(3-ethyloenzothiozoline-6-sulfonic - Acid)
(ABTS) 2

ABTS #4& Thiapong 5, (2006)2] HPHS o]&-3}
of EASIH AFo& ABTS #HHZ ol TmM
ABTS&HT} 245mM S & Al=zste] ARES)
7] 7R 16~20°C9] kel HAsith. ABTSEY
S 734nmelA 0.9+0.029] S350l =ELW7EA] 100%
HEe-S o83t 208 3ASHT AR
(50uLyS ABTS £ 950uLell F7}slar 2413 =1
o H¥ & Multiskan GO FHEXAVIE ARESIA
BamellA  FEEE 8 &Y ZFEEEs
trolox(100-500umol)E ARS8l ™, pmol TE-g! DW
2 #A] Sk

==u
TE=

7.3 2,2-Diphenyl-1-picrylnydrazyl (DPPH) assay
DPPH 4% DPPHEC] AW/Rhg-(Rebolx] g4
o2yl A Bhandari®} Kwak (2014)2] =78 3
a13te] B33k WA, 80% MRS 400uM DPPH
Bdo] ZES ATt HEkE] 8aiE A S
&3 Weke-S ZFZF 100ul® 96well plate F53)aL
DPPHE 100uLE E33F § Multiskan GO 3HE-4
71 AREEE S18nmollA] §EEE SASHAT

8. A2

% GSL, phenol, flavonoid, vitamin C &3 2 Ak
3} &4 42 7 Ay AES Bl Bol HA
yZspbgo g A3s drsiaitt. FARAS SAS
o]83lar, Hit It vlne 94 dsHEdA
A& o83t ZE 9 BAY I {FY97 zolE &<

2d _Tl_:'él-

247}

||

1. FR H|E0]| [ glucosinolate &1

Aol A8 FYe 70, H=
150pumol'm™?s! 2 FYsHAl A3, Redd] 7
660nm, Blue®] 73-%- 440nm, FRS] 73-%- 736nm 3173
g oE TG THFig. 1). 9T FH 3lolA
Wi, B A8 W GSL gke FAEEE Ao)d)
JEHe Hon 3 FE F HaFd|o] F GSL Il
7P} =& FFo|tk(Fig. 2A). BEZE|9] F8 GSL
% 6202 ZIFAI (PRO, GRA, NAP, ERU,
BRA, NAS), & GSL &2 Jo 5, (2016)°] 747
M= o3 wiF} 2EFol 162.19umol-g’ DWZ 7}
ZF wgkon, B AYoMx 3 AE F e AT olA
7P =& 3RS HtkFig. 2A). BEZEME o
Z194 7P =& % GSLE#(86.3umol-g’ DW)S
B3, RFR 0.6 7FF v FH(33.9umol-g’
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Fig. 1. Relative spectral distribution of fluorescent (A), red-blue mixed light (B) and various ratios of FR light(C: 0.6, D:1.3, C:2.0) used

in the experiment.
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g =3 R/FRQ.0) 3 RFRQ.0) e
E . g
£ 60 B | -6 2
2 C e
H B 2
o g
2
= 40 ? - 4 °
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£ =
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= V] AA e
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- I R/FR(1.3) I A B RFR(1.3) | 0

%" [ RFRQ.0) 4 B [ RFRQ.0) %"

g 101 T £

2 B B =
= " |c BB ¢ U

s ? T A b

= =

S p q 5

3 ' P

= B B F20 =

‘g /] C c BC ¢ Dl D .g

z 44 v g

<9 <9

= AAA -1 =
@] 2 A 0 &)

A £d| op
8B, DC AAACBB  pgB
0 -0
PRO NAP PRO GRA NAP ERU BRA NAS

Individual glucosinolate

Individual glucosinolate

Fig. 2. Total glucosinolate (A) and major glucosinolate content of radish (B), Chinese cabbage (C) and broccoli (D) sprouts under six light
quality treatment. Each vertical bar represents mean = SD of three replications. Different letters with in each genotypes/glucosinolate of
each figure represent statistically difference using Duncan’s multiple range test at P<0.05.

DW)S Btk FRO| HIEo| F715hol| wha F GSL
gigo] FAdhe AFS HYsdl L olf= PRO,
ERU9| o] FR HIgo| S/l we} hashke Ae
S H7] wFelt). PROT SEA0A 7P =& g
©] 42.7umol-g’ DW°]1l, R/FR 0.6914= 2F 69%
ke Skl 13.2umol-g! DWE ERIFQILE Deng 5,
(2017)9] AollMe AL AP 58 A white?} red
LEDE #2] 3sIs wl *g]7|zte] Zojd4= PRO,
ERU®| 3hgo] FHdhke As & 4 St £ A+l
A FL¥ R:B(8:2)2] PROS] FaRe 72914 zol= $I%
A9t ERUE Deng 5, (2017)8] 47¢} 53+ 7gko
2 HEFEoA] g=dET LEDS} FFs HzolA
shko] 7HA3}9thFig. 2D). E3F R/FR AHETolMeE
FR Hl-&o| &o}aA4E PROS} ERUS dhgo] f-oFo
2 fHaske ZE gRIskdth. Wb PROSE ERUS
ke Red9} FR Fol w3l S7Ee AL 391

Ao -AE25, M2rd M4 20184

31tk T3 NASEES FR Bl whE §97 o]
E giglont thxgel mlwshd FRES 31819S o
frojFes ke As ZRleka, dixTet /i
GSLS B3lS w NASE Al9lslar =& 7| GSL
o] ke A tHFig. 2D).

H2Fe} vlaste] wjFel Folx s GSLE Y
3 ElS Btk viFe] F8 GSLE PRO, NAPRIL,
BE2E)9} vlFZIAE PRO2| TS FR H]E©] =7}
P tix7HT sk 21s B 4 33, PRO &
o] 7P =& R:B(8:2)9 17.4umolg’ DWET} R/FR
0.6914 20.7% & 13.8umol-g’ DW= HJUh(Fig.
20). & GSL g BaFe9} vRRVIAZ dZ7004
7P =Skt NAPS| 739 bxxdo] 7P =& S
K31, RFR HIEo] SV webx go] F7lsh=
73S BWYaL, R/FR 0.6 2275 FLI R:B(8:2) g
T Ho; fojFoz =& RS BHYUi(Fig. 20). ¥
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Table 1. Phytochemical content and antioxidant activities of radish, Chinese cabbage and broccoli sprouts under six light quality treatment.

Phenol Flavonoid Vitamin C ABTS FRAP DPPH
(mg GAE-g' DW) (mg CE-g' DW) (mgg' DW) umol TE-g" DW (%)

FL 9.11+0.25* b 4.93+0.18 bc  6.79£0.06 ¢  36.90+1.05 ab  32.62+0.82 a  91.38+0.37 a

R:B(8:2)  820+0.50 ¢ 474028 b  7.23+0.11 b  28.1142.75 d  21.02+1.28 ¢ 82.68+1.12 ¢

Radish Dark 824029 ¢ 2.77+0.08 d  432+0.13 d = 34.0042.64 bc 28.96£125 b  90.85£0.23 a
R/FR(0.6) 10.14+0.14 a  552+0.11 a  7.63%0.09 a  39.72+1.40 a  33.45£1.74 a  91.37+0.73 a
R/FR(1.3) 849023 ¢  5.10£020 b  738+0.11 b 3537128 bc 27.41+021 b  86.57+1.30 b
R/FR(2.0)  8.35+0.35 500£0.17 be  7.33:0.02 b 32.95£0.73 ¢ 26.69+1.90 b  86.60+0.59 b

FL 6.8240.02 b  3.68+027 ¢ 6.08£0.10 ¢ 3135093 a  22.82+0.52 ab  86.52+1.33 ab

R:B(8:2)  6.46+0.14 bc  4.02£0.07 b  6.88+0.02 a  2524+3.10 ¢ 1931£1.54 ¢ 73.13+5.68 d

Chinese Dark 6.23£0.18 ¢ 2.58+0.11 d  3.98£029 d  32.77+1.15 a  22.10£0.75 b  82.08+2.07 bc
cabbage  R/FR(0.6)  7.35+0.10 435£0.15 a  5.97+0.04 ¢ 32.98+028 a  24.63+1.57 a  88.24+0.40 a
R/FR(1.3)  6.76+0.25 4024020 b 6.55+0.12 b 29.37+1.50 bc  21.88£1.54 b  78.97+3.04 cd
R/FR(2.0) 6474042 bc  3.82+0.05 bc  635+0.15 b 29.971.19 bc 21.42+0.86 b  78.48+3.80 cd

FL 8.04£023 ab  3.78+022 a  7.95+026 ¢  28.0741.40 ¢ = 20.85:121 ¢  85.97+1.52 bc

R:B(82)  7.64+0.16 3.0120.10 ¢ 8.08+0.02 ¢  33.66£0.60 bc 23.87£1.05 b  86.84+0.97 b

Broceali Dark 676008 d = 229+0.12 d = 427+0.04 d  3445t1.12 bc  23.26£035 b 85.90£1.40 bc
R/FR(0.6) 830+0.13 a  3.24+0.08 bc 8.53+0.03 a 3694128 a  26.78+0.75 a  89.38+0.58 a
R/FR(1.3)  7.85£0.25 bc 3.21£0.10 bc  831+0.05 b 33.74£1.12 bc 24.12+0.88 b  86.46+0.46 b
R/FR(2.0) 6.94+027 d  3.40+0.16 b  8.50+0.07 ab  34.25+0.77 bc 24.48+139 b  84.55+0.41 ¢

“Values are mean + SD of three replications on a dry weight basis.

Different letters with in each genotypes represent statistically difference using Duncan’s multiple range test at P<0.05.

FEToIN 7P B2 ¥ GSL s HSlAL, F8
GSL= GRE, ERU, NAS Jth(Fig. 2B).

B A7x] £ GSL e 7= A9)star gz
A 7P =3 Vale 5, (2015)9] ATATlAE B
d7eks v=2A BEEE] Aol & GSL e ox
ART FxelA o EUthl BuEU, Qian T
(2016)8] AFAFeIE AL AfFelA FHG
bzl F GSL o] =dtia BuHdnh. o)y
61} A¥= GSL &2 §1—730ﬂ - WzkEHA Bke-3}

3L Aol wEAE vl TRt ??} 1S Jehy7)
U%Oltﬂ by F o wEst S0 FExd

ug A7t 2. Aok ‘1%%5}. T3} FRO| F

7& sl PROY S AL = A, 19}
Al o2 A GSLY FEE AaEEE dA™AHQd
XA} el A%t 7t Eesitiar sdE.

2. FR H|&0]| [ phenolic, flavonoid, vitamin C &2
FR Hl&C] W& 23} ik wolE #Esr] ¢
3} total phenol, total flavonoid, vitamin C S &
2315}, Phenol®] 789 4% Fol EAlshH, A Wl
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A AAE o] wsht vHdASs WA e Sk £
= AEATIER gk FEES AAsked 2AA
24 39 sE HAHAL thSon &, 2012). E3F
flavonoid, Vitamin C2] HHE o]t Ats}d ~Ed X
S & A1 471 3L, flavonoide & 1S &
;quuxﬂ fs} oﬁzxﬂ 6‘]—-,’?,L zsLoL 6]— o]-gﬂaﬂ 5_4 ?-9-
gk S o, A 10719 @rﬂ—'}""ﬂ/ﬂ 5000 7

7} b= YFsk  flavonoid’} Hlﬁﬂ‘}iq—(Harbormeﬂ-
Williams, 2000; Oh 5, 2000).

B A7 A total phenol, flavonoid, Vitamin C
5, w5, BEEE 25 xR 7P e
&R Qian 5(2016)AToNME AUl A%
|4 total phenol¥} vitamin C =S FZ7NA] 7}1
2 e I 4= R} Total phenol =] 74
T, w5, B2EE] 32504 FR HIE0| Fol2 —ri =
7Fhe AR A3 HAA, 338 BF R/FR 0.6 A
oA 7P =& Fie]l EXEHATHEZ 10.14,
7.34, 8.29mg-g! DW). 32& 3 F2| R/FR 0.6 A2+
7F 7P =2 F phenol &3(10.14mg-g’ DW)S i+
3laL JARJT} (Table 1).
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Table 2. Diagram of FR effect on glucosinolates, secondary metabolites and antioxidant activition. All data were compared R:B(8:2)

treatment by Duncan’s multiple-range test (DMRT) at o > 0.05.

Radish Chinese cabbage

Broccoli

R/FR R/FR R/FR R/FR R/FR
(0.6) (1.3) 2.0) (0.6) (1.3)

R/FR
(2.0) (0.6) (1.3) (2.0)

R/FR R/FR R/FR

Total GSL

PRO

GRA

NAP

ERU

BRA

NAS

Phenol

Flavonoid

Vitamin C
ABTS
FRAP
DPPH

The black, gray and white box represent significant increases, non-significant change and significant decrease in analyzed phytochemi-

cals & antioxidant activities, respectively.

BER|9E, total flavonoid®] 73-%- F-9} vijFollM= R/FR
0.6 A7t 7S =A%, B2 EEde 94 2
o] Holx| UTHTable 1). vitamin C ] A%
= RFR 0.6 A277F 7P =& s BEIARE,
HiFe} BRI e F94 Aol HolA sttt
(Table 1). 25 Z=9] Total flavonoid®} Vitamin C&
GSLO| b= ANHE gxolr 71g e e
Bk B A4439E 5314 total flavonoid®} Vitamin
C= FRE| HFHUR= Fo] f5] ¥ B2 9F= U=
Zoz )

3. Far-red H|E0] [ME &4tst g

o 714 g4 ekl o) e  Ue BPEd
2 A T2 AEE YA FET S 48t
ZEHAE AT (Jeong &, 2008; Park 5,
2004). ¢F, sHAs), iy 9 ¥y sy} e o
FEo] QIZF AW o]yt ksfEw et HHo] =
AoZ dHA ot wEpA B AFlME sl
< VA HeE AL

rslEde H2IEE Al9jstal 28R etz
ToF AT 219 frojF Aol HolAe FUA, 3
7HA ZE BT R:BB2)EURE FRS H33E 2]g]olA
O =2 ks S48 IRIF 4 A3, 1 F RFR
0.6 A7t 7P w2 FASEAAES BHAT (Table |,

-

Ao -AE25, M2rd M4 20184

2). RFFR 137 2.0 F9% zpolg HolA] t=t
o]gfgt o]f+= FR %7} 30pmolm2s'2 B 2jol5
HojA 1 g3t v|gAlo 2 ek

EE 2ZHE9] F phenolic, flavonoid, vitamin C&
PERARG FxAA o] Friele As F1ls)
ATHTable 1). 4ks} &L giz+9} A2+ zl
et zpols Holz] kAN, R:B(8:2)X T R/FR
06014 &iksl o] Zolxle AL RIS
(Table 1, 2). F-& ALt wjF9o} B2F¥)9 F GSL
v ARG G2 o =2 S ERIsHT
(Fig. 1). FRS] H33AE]l= w59} BH2Iedx] &0t
< Uy A s Atk EaE(Liv 5,
2012; Mithen 2001) PROZEFS R:B(8:2) XU} 38%,
52% A AL, oE 2R MHEER st
A= ST F 7] wZel wiEa #ajae] 7
4 SX ol8E F AS Aolgla ATHETH(Fig.
1., Table 2). & AFX Y AEAEH] WP} 5
7FE #=2 FRO| FEEAle] gt ~Ey A~ go= vt
AgE AR F7HAQ] A7t Besh, Tk B A
oA FLE AR VIl 2 Bl HA] o} FR
Hlgo| WE Zfo|7} wm|siaial, F71H R B AL
AZHE MBSl AS7IES AAA B BE =
Zol o3k GSL FFwio] Wiyt B8% Aoz At
2=
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