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Antioxidant Activity of Solvent Fraction from Broccoli Sprouts Cultivated at
the Plant Factory System
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Abstract

This study was designed to determine the antioxidant activity of solvent fractions of broccoli sprouts grown by controlling
the growing environment at the plant factory system. Fractionation was achieved with chloroform, n-hexane, ethyl acetate,
butanol, water by 70% EtOH extract of the broccoli sprouts. Each solvent fraction was put through TLC and HPLC to
separate active components. Higher antioxidant activities were observed for the butanol and ethyl acetate layers. Further
evaluation of each of the 5 layers (LH1 to LHS) of the butanol fraction showed that the refined LH3 extract had a high
antioxidant effect. Components with similar Rf values from TLC had the same retention times and peaks in the HPLC
analysis. It was also determined that the sulforaphane content was high at the chloroform and butanol layers and the
sulforaphane was responsible for, the high antioxidant activity. Thus, to use for functional materials, the butanol extract/layer
of broccoli sprouts is recommended as the most effective.
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L AdEY g 9 AL e kel degt B 228 (Brassica oleracea var. italica Plenck)= A &}3}x}
2EY A FOog sl o, A% A%, WA}, 18t 5 252 A E219] ascorbic acid, /-carotene, rutin, selenium,
2 7 T A Aol SUbstaL Qi ol gt Ar e glutathione, quercetin, sulforaphane S-0] t}gf g-3-E|o] 9)o]
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Q1 % % 712 superoxide anion radical(O), hydroxy radical  SHAIE Z4] oA, THY i, ABE AT o L A5
(OH), singlet oxygen('O,)3}+ hydrogen peroxide(H,0,) S3} 2 849 4= a37F Aokl A UThSok 5 2003; Lee &
& AL AAFT QTHChoi 5 2005; Yoon S 2007).  Park 2005; Kwon 5 2008). B2 A2 84 24 £ sul-
g Aol tigt B S7he =3 A A AU foraphane-&- isothiocyanate ] 3}8t 25 Zl+= B4 = 343
FPAAE ZHAA 7= 3HAE B2 et Aoz S Akst a5 714 glucosinolate7} A3F A = myrosinase
T 9ltt B8] Al WSt BAO| g AT @A W of 2la) FieraiEel A4HCHKiaer A 1960). Kim 5(1997)
YHIT glon, HANE FRES ey A5T AT A S Bl AkrElo] 2ulEh 200 Ao ARs A
J 2AL BT Qo] AT A7 AR FolA BEBelo] sulforaphance] 7 Bk B mster

A g3ttt HrhE T 9lthOdy P 1995). ol=fgh M 4] Sulforaphane-& WFEA 2 A ] |gt A 2] GAlof|A] Fof

' Corresponding author: Mi-Hye Kim, The Research Institute for Basic Sciences, Dept. of Food and Nutrition, Hoseo University,
Asan 336-795, Korea. Tel: +82-41-540-9663, Fax: +82-41-548-0670 E-mail: Kimmihye92@hoseo.edu

-1 -



2 AL - Al ERE LD R

Y-S 2] A)|3}3l(Gerhauser 5 1997), ZAPALQ] ovlo=
Sa3 Aoz By gthBrooks 5 2001). In vitro A3 ol A
& o aEgt ofyz), 2| udtE o iRt A At &
T7F A-go] g FH thFahey 5 2002). 3 sulforaphane-2
Nrf2(NF-E2-related factor-2)2] 3 JJ22] o]5 I antioxidant
response element(ARE) 2¢H-S X80 24 3HAsE 459
TS ottty E 1 EQIcKSurh YJ 2003; Surh 5 2008).

ATkt HZ7et 715 Hdte AE o8 das
o]oJ AL lof QHFA QI Al S UM AEFTHE =Y
o] "daido] FEIL thKang & Hong 2009). 4 &57
T 19508 o]m] FR oA AlFtE e, ul=S& AR
2|4 7HE &s] AP E I gloH, FA7IET IT, NT &
AN A7 1ES S-E FEE bRt oldlS Ad A4A
A A 7o s RS W ok AEFAA FA
T e 2 F skl FYE LED7} FHE =T,
e A5t 71548 A7 dFE S7HZE = ATk
3} th(Nishimura 5 2006; TIIC 2009; Nozue % 2010).
A7 A EF ol A AR A ol et At
T2 A T AREL A 5 Y Aase THeE
AF7F s3] APE T 9l em(Soh S5 2001; Yeo 5 2007,
Um 5 2010; Lee 5 2011), BE2F &9 A3t A= F=2 A}
AxZoA BAE B2Ee)o Y &4 an 55 HolF
TH Han 5 2008; Kim 5 2009; Lee 5 2009a; Lee 5 2009b;
Cheng 5 2011). T3 A 234 A" 9] E4T Fupol A
A B2 gt A4te E3E o v|n|g Ao
(Kim 5 2011), BAHE B2 AR £9 gufo] =&
sulforaphane Fol] gt A= ALY HAFSE Aefoltt

meba & Aol AEFA i AR AH
ol AitE B2FeE o] A7 TAEL AF AaA
2 AR o] go] 7HedtESE 517] 93 Ao dekom 4
E3olA Auigt B2 Fe Afao] 2] gufo wheh At
3l auE 245k, §AksE 2191 sulforaphane 3H-8-3F2 3
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1. dEM=Z

2 Ao AME B2 AR (FuiantdE e A
FAo| A 430~460 nm T W 9] 0] LED FA FLL ol 2
A(F=7), 49 B 7Ol 10A17HY ZARA o0, 22t
L2123TC, SEE 45-60%2 2Hste] H2Ie] YrS
ARt o] B2EE] oS A2ETHE7] 60TAA

do

247t ot AzFgT, A T BEEE] YRS 200
mesh= E&fste] £ - T4 F AN EE ARSI &
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AN AAEHEE W F 7P 240 e RE S gst
o] AAJSFATHKIm MH 5 2013). E3 B2Z 2] Ao
70%2] EtOH-E 108} 21, A2 24417t A X|5}+e] 335] vt
Bt 2L dolen, o] 2L AR E AR o
3t o A $F71E ol &8st 5% & AMESHATH

o

2 28w
AzE Ba e YRS 70% EtOH €S 7}81e] shaking
incubator(NB-205V.N-Biotek INC. Korea)o| Al 12A]7H¥ 33]
32 22390 229 AlRE oK Whatman No2) ¥ 2
FHs=(Rotary evaporator N-1,000, EYELA)$F th2 CHClL;,
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1) & H=d &=

[¢)
L5 S ARY Hed IRE ARE St ASA
2 catechin® ©]-€3}4 0~1.0 mg/mLe] F==Z ZAJ5IH o0,
R2E $AL 33 HHE5tg thBevenuti 5 2004).

2) SOD A &M EH

Alg o] tris-HCI buffer 3 mL, 0.2 mM pyrogallol 0.2 mL,
2252 02 mLE 7}8bT 25Tl A 105 X3t 3, 1 N HC
1 mLE H7}5te] ¥hg-2 AA|AI7]3L, UV 420 nmoll A 533
& =434 tHTsuda 5 1995).

SOD — liked activity(%) = 100 — (%x 100)

A AE 7Y 8= B AR RV FRE

3) MRIS0{S(EDA) =H
2% 0.5 mLo| 0.15 mM DPPH -84 3.5 mL 7}}o] 2
A2 &, 517 nmofl A 3083 FBE=2 WekE A5t v

I o] Axtste] ye $ich(Kang -5 2001).
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4) Hydroxyl radical 271 &M &3

Al@ddo] 0.1 mM FeSO/EDTA £ 0.2 mL, 10 mM 2-
deoxyribose 0.2 mL, F&& 0.1 mL2} 0.1 M phosphate buffer (pH
7.4) 1.3 mL, 10 mM H,0O, 0.2 mLE 7}5}aL, 37C incubatoro]]
A 2A17F WREAIZ] & 20% TCA(trichloroacetic acid)-8< 1

£ Jhsto] 100CoIA 1587 198 5 F43] Wil
532 nmoj|A] EPT=E 245 HChung SK 1997).

—A
B
A AR HhEe YT B AR PALES B

Hydroxyl radical scavenging activity(%) = % 100

5) Hydrogen radical Al &M £H

1 g9] lecithin chloroform 10 mLoj| 591 & ZF AJg ‘_Oﬂ
100 uL¥ FANT F HaTHAE o83 }oq gl
A AT 222 0.1 mLe} Tris-KCl buffer(0.01 M Tris-HCl, 0.175
M KCl(pH 7.4)¢]] 2 mM FeSOs, 2 mM ascorbic acidE d7}3}
of BFBT 3TCAA 308 A AL
TBARS Y (2-thiobarbutric acid relative substance)o 2 =% 5}4
ThMuller HE 1985).
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A;B % 100
A NE F7HEY FEE B AR BV SE=

Hydrogen radical scavenging activity(%) =

4. EMEZE 22|

Ba3g & 2ZE-S chloroform, n-hexane, ethyl acetate,
butanol 2 £&] & &/Jo] -5 ethyl acetate 53} butanol
22 0]85}9], Sephadex LH-20, 4x50 cm, methanol(0~100%)
o] 270 &3} £33 AlZ+= UV-vis spectrophoto-
metero]] 23] bR BHolslg o, e ulAle] HIE
2 &4 LHI9A LH57}A] U=¢ich

5. TLC &2

TLC AAGH 2 Flehilobe B 9 BAS Aok A8
3131, TLC platex= MerckA}2] precoated kieselgel 60 Fasy
(layer thickness 0.25 mm, 20x20 cm, Merck Art. No. 57155
ARESTE TLC AR AL (CHCL; - BuOH : MeOH : H,O
:AcOH -2 :4:1:2:1, v/v/n/v/v), (BuOH : MeOH : water
-4:1:2, viviv), (CHCl; : Hexane : BuOH : MeOH : water : AcOH
-4:2:2:2:1:05, vivi/viviv) 3 UV 254 nm, 334 nmoj| A

Broccoli Sprouts

70% EtOH 40°C 4HR
i Filtration

Extracts

extracts

Dissclved in H,0
Extracted 3 times with
CHCly

HyO layver

‘ Extracted 3 times with n—butanol

CHCI; layer

‘ Evaporated into vacuo

H,O layer

extracts
n-butanol laver

n-butanol soluble laver
Evaporated

extracts
Sephadex LH-20
methanol (100 )

Fig. 1. Scheme of extraction and solvent fractionation of butanol extract from broccoli sprouts
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Fig. 2. The spectrum of Sephadex LH-20 subfractions
by using UV-Vis spectrophotometer at 254 nm
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6. HPLC 2N

HPLC(High Performance Liquid Chromatography)+= Young-Rin
AssociatesS 0]-83}%1. 2.1, mobile phaset= acetonitrile / water
(20/80), 16 min(Gradient) - acetonitrile / water(60/40), 25 min

Table 1. Operating conditions of HPLC for analysis sul-
foraphane extracts

Items Conditions

Instrument Young-Rin Associates
nBondapak Cis (3.9x300 mm)

Initial step - acetonitrile / water (20/80), 16 min
(Grediant) - acetonitrile / water (60/40) /
acetonitrile / water (20/80)

UV 254, 327 nm
0.8 mL/min

Column

Mobile phase

Detecter

Flow rate

acetonitrile / water(20/80)9J| 4] uBondapak C;5(3.9%x300 mm) Z
S AMESIF o, flow rates= 0.8 mL/ming 1L, UV 254, 327

nmoll 4 24 3tsc.
o o o

1. Ehital gt

ol 2 Hol 7] Ao ofd gl Aed w7t
fragh e 84 249 Aol 7t =, &s] At
AlEo] H|ste] 4~100u] o] ol ha-star vkl dEA
AtH(Yoon 5 2006). YRtAH o2 E8|gsx} 22 feA &
AL Ao EAstes thEA Y F4ksE 2 o|H, radical £
A B4 W g4l g3t anprt esiriar A A Stk
239 28 FEEY T HE IS ST 23 BOA
(3.03 mg/ mL), BuOH(2.49 mg/mL), CHCI3(1.62 mg/mL), water
(1.15 mg/mL), hexane(1.05 mg/mL) <=2 2 =A Yeton,
Kim 5(2012)9] AolA] WHEHn|Z| wEgtE FE2E2 F
Y= o] BuOH(14.92 mg/mL), EtOA(9.96 mg/mL), CHCI;
(6.62 mgmL) =22 £A Yehd, F He S 8BS &
mjoll A 1 gFo] k= A ¢ 4= %I SOD {AF 24
& EtOA(94.91%), BUOH(91.69%), CHCly(71.27%), water(50%),
hexane(25%)2] ¢0 2 =2 AL Hgon, Kim 5(2012)
9] Ao A= i =etn]Ze] SOD &/d¢| BuOH, EtOA +2]
ol A Yebsth AR 5(EDA)Z EtOA(92.64%), BuOH
(82.82%), CHCI3(42.86%), water(21.06%), hexane(17.07%) 2=©.
2 A4 U, Kim 54(2012)2] Ao 4= BuOHT} EIOA
o] FAo] =& Ao 2 eyt Hydroxyl radical &4 %52
BuOH(91.08%), EtOA(89.59%), water(87.54%), hexane(86.10%),
CHCI5(85.76%) €22 =%9t°H, hydrogen radical £&752
water(71.40%), BuOH(71.37%), hexane(70.66%), EtOA(69.11%),
EtOA(55.24%) 2] £7%52 E ). Lecithin oxidation= water
(71.4020.139), BuOH(71.37+0.169), hexane(70.6620.110), EtOA
(69.1120.050), CHCl5(55.24+0.398) <08 Uehygc}. oubd
© 2 ethyl acetone = butanol 2 F&3HH FAJo]  ER

Table 2. Antioxidant activity of broccoli sprout extracts fractionated from each solution

Total phenolic acid SOD-liked EDA Hydroxyl radical Lecithin
contents(mg/mL) activity(%) (%)" scavenging(%) oxidation(%)
CHCl; 1.62:£0.006 71.27+0.579 42.86 85.76+0.127 55.24+0.398
Hexane 1.05+0.002 24.26+0.520 17.07 86.10£0.312 70.66+0.110
EtOA 3.0320.002 94.91+0.122 92.64 89.59+0.026 69.110.050
BuOH 2.49+0.006 91.69+0.293 82.82 91.08+0.435 71.37+0.169
Water 1.15+0.002 50+1.414 21.06 87.5440.320 71.400.139

Y EDA: Electron donating ability
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wolEu} MR So] 2EEL A0 Ul 9tk Choi 5
(2008)> =2 E o] A2 &4 A-ollA] butanol £-8)EofA]
% Behwicol=, £ v Wl ¥4 ZRHUCT Bie
i, o] Aite # AP AT}t XSt B2 EY &
SEE9 SOD FAF &4 2 hydroxyl radical 245 E3t
© %9k, BER ujet ozke] Aol Lehhglont, Hxt
T o50] tt2 EIERT] ethyl acetate?} butanolof| A =7
BEAcE mebA], o] AR 22 & butanol £33
TLC ¥ HPLCE &

0.L4

0]-8-3}] open column chromatography,
&y 24e 22 - ZAEAT

o mio le ol~

2. Sephadex LH-200] 2|8t 2=l=29| itsl X

Hii‘j’] A& FE2E2HE S EAdo] w9F butanol
g5to] ZAE EAL FA3517] 3l Sephadex LH-20,
Methanol(lOO) Z A A LHI~LH57}4] 2] subfractions o]

B2EY A g 22E kst

/lé 5
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z+E e 84 *éf%ﬂ AMgSHTE B2 EE] AA| 2582
% ¥ IS 4% Aak, LH3(3.27 mg/mL), LH4(3.23 my/
mL), LH2(2.66 mg/mL), LH1(2.29 mg/mL) £° 2 Jebgt,
SOD -§AF 412 LH2(96.90%), LH3(95.59%), LH1(95.34%),
LH4(94.90%), LH5(94.04%) 402 =2 S48 Bgon, A
A3e] 52 LH2(90.70%), LH3(87.22%), LHI1(81.08%), LH5
(64.19%) 2 eI, hydroxyl radical 2&7]%-2 LH2(96.76%),
LH3(96 62%), LH1(96.45%), LH4(96.42%), LH5(96.31%) 42
Aok H= SRHE Y] S Akt agt
7} gt Jdr%'iOl UTH= 119} vl wste] & o, 3 = o
=9 ol E2 LH3 FA| F=80°] AFe= 4%
TR aE HoFgch

3. TLC &2
TLC B4 g4t &4do] £9td EtOA, BuOH £33 &

Table 3. Antioxidant activity contents of each fractions purified from broccoli sprouts glass column chromatogram

Total phenolic acid contents SOD-liked EDA Hydroxyl radical

(mg/mL) activity (%) scavenging
LH1" 2.29+0.002” 95.34+0.273 81.08 96.45+ 0.044
LH2 2.66+0.006 96.90+0.184 90.70 96.76+ 0.076
LH3 3.27+0.008 95.59+0.211 87.22 96.62+20.036
LH4 3.23+0.009 94.90+0.330 83.43 96.42+ 0.004
LHS 2.03+0.005 94.04+0.410 62.05 96.31+ 0.004

" Sephadex LH-20 subfractions

2 M + SD.

Mobile Phase (BuOH : MeOH : H20 -4 : 1: 2, v/v/v)

Mobile Phase (CHCI3 : BUOH: MeOH : H20 : AcOH — 2:4 :1: 2: 1, v/v/v/v/V)

Mobile Phase (CHCI3 : Hexane : BUOH : MeOH : H20 : ACOH - 4:2:2:2: 1: 0.5, v/V/V/v/V/v)

Mobile Phase (CHCI3 : BUOH : MeOH : H20 : AcOH -2:4:1: 2: 1, v/v/v/v/v)

Fig. 3. TLC pattern of isolated fractions from n-butanol extract of broccoli sprouts
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=2 7}A|AL (BuOH : MeOH : HO - 4 : 1 : 2, v/v/v), (CHCl,
: Hexane : BuOH : MeOH : H,O : AcOH-4:2:2:2:1
2 0.5, v/v/viviviv), (CHCl; : BuOH : MeOH : H,O : AcOH -
2:4:1:2:1vvIVvIv)E A7 &2 TLCE A A5t h
TLCAF9] spot-2 UV-Lamp 2 E215F & 5% H,SO.2 ZHzF ¥
Asto] golstitt. TLC 2, 2e £8 FE5E04 384
O 2 Rf gho] 22 YA 4= It o] 29z
FE At 4 anrt e 2E4Y AeE ARFH I

4. HPLC 24 4 sulforaphane &2F 24

HPLC £4 23, 7z} BEFEEA 22 ARttt ¢
037t 25t AL AL o5 2L TLC A,
7} B3 2&Eo)A T OE Rf go| 22 T4 &

HI

Table 4. HPLC requirement CHCl3;, hexane, EtOA, BuOH,
water layer

Items Conditions

Instrument ~ Young-Rin Associates
-Bondapak C;5(3.9%300 mm)

Initial step-acetonitrile / water (20/80), 16 min
(Gradient)-acetonitrile / water (60/40)

UV 254 nm
0.8 mL/min

Column
Moblie phase

Detector

Flow rate

At FUT AR AIREHU
BRI 4 2559 &0 £2
B3 A3 CHCIy(56.76 mg/100 g), BuOH(49.16 mg/100 g),
water(5.67 mg/100 g), EtOA(2.18 mg/100 g)9] 402 =2 &
ol Itk HPLC £4 43}, AHat F&-8ufel
wtal F8/dE2<1 sulforaphane®] &) F3FZ v|X= A
© 2 yelygt} Choi JH(2004)= SFE/HPLCE o] &3l B2
=3 9] sulforaphane TS 43 21, 67.8 mg/100 gO. 2
UeRgth Kim $(2009)0) w2 A B 22 a] 9] sulforaphane
TS = FlolA= 147.8 mg/100 g, £7] F-9foll= 61.6 mg/
100 g0 2 2=t 184 & AFollAe & e £
3]} sulforaphane 3Hg-S E4% 23}, 7 ZollA 9] Tk
oA AFAIETH thd WA SA U Kim 5(1997)2
Aol BEH FF, ARG 5 A5 wet sulforaphane

9 sulforaphane ¥

Table 5. Sulforaphane contents of broccoli sprouts extract
fractionated from each solution

Sample Sulforaphane (mg/100 g)

CHCl; 56.79
n-Hexane -

EtOA 2.18

BuOH 49.16

Water 5.67

Fig. 4. HPLC analysis result

=3 x
n-Hexane £ &

=
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Fapo] Tk A7k BuEol, A3k o7t Gl Ao
2 =9

oOO0oF O
P

=

ol at @s] e AEo) vlate] fag A2 B4
232 4~10013H o] A} Wo] B-8.5}7 9lo] ZES Hby 9Ji
A 22 F shuolnh 3L AR ShE A4 AES
3 0] Ra Aol FUH T slol, B AL AET

ol g A AES Zgste] AufistaL Stk o5 28 &
ool ufe sk} e R4Sk, GHAsh 2l sulforaphane
RS FUslol, o HHFY A AL B
7154 Al B Bege) A AR 7EE 93 )
2A4=E AT sk

oo & A= AETHNA A5 BHS 2HsH] Anf
3t B 223 AR 70% EtOH F£ZE-2 chloroform, n-hexane,
ethyl acetate, butanol, water®] Suj2 HIsIH 11, o] I &
2 Z H= T, SOD AL 84, AAgols, ol =84 2
O $4F 84S Baste] A BHS Lotugith ER
8o Hejslod TLCS} HPLC £412 S8 S42EE 3]
S1, olof me ke BAlsIAh

B3 59| 3kAks} EAS B w3t A3 butanol T}t ethyl acetate
FolA =& A 245 B,
2 Sephadex LH-209]] £l -2 o3-S YEld&= LH19
A LHS7H4 5] 202 Upro] 493t A}, LH3Y| A4
2220 B2 FUS BNE /AL A& AT vehe)
oh 222 TLCE B8 23k R go] FAT BAE
S, HILC 498 A0 A3k 2 B0 50
37t EAet o, o] BAES TLC £4] Axjel vlusiys
o Rfgho] &2 %’g‘é Zolgt AZt= it T3 sulforaphane
&2F2 chloroform, butanolZof| A =& # o 2 }el) butanol
ZollA FHatst &dE Uehli= 2ol sulforaphane o] =
£ 2% Bl e Ao WA

wet B2 e &

T 716 SARA o8 AT 2EE FUT & AT

ZHAe 2

Bl @A L) 47| S (T S 111005-
03-3-HD110)2] XI Y& o} g5k o, oo A=Y Th

References

Bevenuti S, Pellati F, Melegari M, Bertelli D. 2004. Polyphenols,

B2EY A g 22E kst

/KE)I 7

ok

anthocyanins, ascorbic acid and radical scavenging activity
of rubus, ribes and aronia. J Food Sci 69:164-169

Brooks JD, Paton VG, Vidanes G. 2001. Potent induction of
phase 2 enzymes in human prostate cells by sulforaphane.
Cancer Epidemiol Biomarkers Prev 10:949-954

Cheng HC, Kim SM, Kim YH, Lee KS, Seo JH, Shim IS. 2011.
Change of antioxidant content in broccoli (Brassica oleracea
L.). Korean Journal of Horticultural Science & Technology
29:116-116

Choi JH. 2004. SFE/HPLC detection and quantitative changes
during cooking process of sulforaphane in broccoli. Master’s
thesis, Chonnam National Univ. Gwangju. Korea

Choi NY, Lee JH, S HS. 2008. Antioxidant activity and nitrite
scavenging ability of olive leaf (Olea europaea L.) fractions.
Korean J Food Sci Technol 40:257-264

Choi Y, Ku JB, Chang HB, Lee J. 2005. Antioxidant activities
and total phenolics of ethanol extracts from several edible
mushrooms produced. Korea Food Sci Biotech 14:700-703

Chung SK. 1997. Hydroxyl radical-scavenging effects of spices
and scavengers from brown mustard. Biosci Biotech Biochem
61:118-123

Fahey JW, Haristory X, Dolan PM, Kensler TW, Scholtus I,
Stephenson KK, Talaly P, Lozniewski A. 2002. Sulforaphane
inhibits extracellular, intracellular, and antibioticresistant strains
of Helicobacter pylori and prevents benzo [ & |pyrene-induced
stomach tumors. Proc Natl Acad Sci USA 99:7610-7615

Gerhauser C, You M, Liu J, Moriarty RM, Hawthorne M, Mehta
RG, Moon RC, Pezzuto JM. 1997. Cancer chemopreventive
potential of sulforamate, a novel analogue of sulforaphane
that induces phase 2 drug-metabolizing enzymes. Cancer Res
57:272-278

Han YH, Lee GY, Soh HS, Lee YS, Cho IS, Park KY, Lim JW.
2008. Physiological activity effects of sulforaphane in broccoli.
Korean Journal of Horticultural Science & Technology 26:52-52

Kang HC, Hong SY. 2009. The evolution of agriculture that
respond to climate change: Plants factories. Seri Economy
Focus 225:1-25

Kang MH, Park CG, Cha MS, Seong ES, Chung HK, Lee JB.
2001. Component characteristic of each extract prepared by
different extract methods from by-products of Glycyrrhizia
uralensis. J Kor Soc Food Sci Nutr 30:138-142

Kim HY, Ko JY, Song SB, Kim JI, Seo HI, Lee JS, Kwak DY,
Jung TW, Kim KY, Oh IS, Jeong HS, Woo KS. 2012.

Antioxidant activities of solvent fractions from methanolic



8 Hen -

extract of cocksome (Celosia cristata L.) flowers. J Korean
Soc Food Sci Nutr 41:1502-1507

Kim JY, Park SH, Lee KT. 2009. Sulforaphane content and
antioxidative effect of cooked broccoli. Journal of the East
Asian Society of Dietary Life 19:564-569

Kim MH, Kim TS, Kim EJ. 2013. Physicochemical and anti-
oxidant properties of broccoli sprouts cultivated in the plant
factory system. Korean J Food Culture 28:57-69

Kim MR, Lee KJ, Kim HY. 1997. Effect of processing on the
content of sulforaphane of broccoli. Korean Society of Food
& Cookery Science 13:422-426

Kim MR, Lee KJ, Kim JH, Sok DE. 1997. Determination of
sulforaphane in cruciferous vegetable by SIM. Korean J
Food Sci Technol 29:882-887

Kim TS, Lee SP, Park JY, Lee JY, Lee SY, Jun HJ. 2011.
Physico-chemical properties of broccoli sprouts cultivated in
a plant factory system with different lighting conditions. J
Korean Soc Food Sci Nutr 40:1757-1763

Kjaer A. 1960. Naturally derived isohio cyanates (mustard oils) and
their parent glucosides. Fortschr Chem Org Naturst 18:122-122

Kwon YD, Ko EY, Hong SJ, Park SW. 2008. Comparison of
sulforaphane and antioxidant contents according to different
parts and maturity of broccoli. Kor J Hort Sci Technol
26:344-349

Lee HS, Park YW. 2005. Antioxidant activity and antibacterial
activities from different parts of broccoli extracts under high
temperature. J Korean Soc Food Sci Nutr 34:759-764

Lee JG, Jang SW, Kim SY, Oh SS, Um YC, Kim JG, Choi JW,
Kim WB. 2011. Growth and anthocyanin development of
red leaf lettuce germplasms in plant factory system. Korean
Journal of Horticultural Science & Technology 29:63-64

Lee JJ, Lee YM, Kim AR, Lee MY. 2009a. Physicochemical com-
position of broccoli sprouts. Korean J Life Sci 19:192-197

Lee JJ, Shin HD, Lee YM, Kim AR, Lee MY. 2009b. Effect
of broccoli sprouts on cholesterol-lowering and anti-obesity
effects in rats fed high fat diet. Jowrnal of the Korean
Society of Food Science and Nutrition 38:309-318

Muller HE. 1985. Detection of hydrogen peroxide produced by
microorganisms on an ABTS peroxidese medium. Zentralblatt
Bakteriol Mikrobiol Hyp A 259:151-154

Nishimura T, Zobayed SMA, Kozai T, Goto E. 2006. Effect of
light quality of blue and red fluorescentlamps on growth of
St. John's wort (Fhpericum perforatum L.). J SHITA 18:225-229

Nozue H, Shimada A, Taniguchi Y, Nozue M. 2010. Improving

Al A FGFA

the productivity of plants using an LED light equipped with
a control module. J SHITA 22:81-87

Ody P. 1995. Herbal insight: A close look at active constituents
of medicinal herbs. Soaps, oils, fats and waxes. Journal
121:8-11

Soh JW, Sim MY, Lee YB. 2001. Effect of dissolved oxygen
(DO) concentration of nutrient solution on growth and
quality in plant factory. Korean Journal of Horticultural
Science & Technology 19:67-67

Sok DE, Kim JH, Kim MR. 2003. Isolation and identification
of bioactive organosulfur phytochemicals from solvent extract
of broccoli. J Korean Soc Food Sci Nutr 32:315-319

Surh YJ, Kundu JK, Na HK. 2008. Nrf2 as a master redox
switch in turning on the cellular signaling involved in the
induction of cytoprotective genes by some chemopreventive
phytochemicals. Planta Med 74:1526-1539

Surh YJ. 2003. Cancer chemoprevention with dietary phytochemicals.
Nat Rev Cancer 3:768-780

TIIC, Technical Information Institute Co TD. 2009. Aplant Factory
Business Strategy and the Latest Cultivation Technology. pp
451-478. TIIC, Tokyo, Japan

Tsuda T, Oshinori YF, Katsumi O, Yamamoto A, Kawakishi S,
Osawa T. 1995. Antioxidative activity of tamarined extract
prepared from the seed coat. Nippon Shokuhin Kaishi 42:
430-435

Um YC, Oh SS, Lee JG, Kim SY, Jang YA. 2010. The develop-
ment of container-type plant factory and growth of leafy
vegetables as affected by different light sources. Journal of
Bio-Environment Control 19:333-342

Yeo KH, Cho YY, Lee YB. 2007. Shoot development of single-
node cutting roses based on growing degree-days in a plant
factory. Korean Journal of Horticultural Science & Technology
24:127-127

Yoon MY, Kim JY, Hwang JH, Cha MR, Lee MR, Jo KJ, Park
HR. 2007. Protective effect of methanolic extracts from
Dendrobium nobile Lindl. on HyO,-induced neurotoxicity in
PC12 cells. J Korean Soc Appl Biol Chem 50:63-67

Yoon YH, Lee JG, Jeong JC, Ok HC, Kim CG. 2006. Effect
of temperature and light on the antioxidative polyphenils
contents in tatary buckwheat sprout. Kor J Med Crop Sci
14:378-379

Received 14 October, 2013
Revised 1 December, 2014
Accepted 5 December, 2014



