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Abstract

The physico-chemical properties of broccoli sprouts cultivated in a plant factory system with different lighting
conditions were investigated. We reported that there were significant differences among the chemical and nutri-
tional properties of the broccoli sprouts grown under different light sources. Two kinds of sugars (glucose and
fructose) were detected in the plants. The amount of glucose was 2.94~3.12% and that of fructose was 1.54~ 2.04
%. Total chlorophyll was 1,157£0.004 mg% and chlorophyll-a 777x0.01 mg%. All over the test materials, 2
kinds of organic acids (citric acid and malic acid) were detected. The level of citric acid was 908~ 1,136 mg%
and its highest level was under the (Blue LED) light source. The level of malic acid was 514~834 mg% and
its highest level was under the (Red LED) light source. Seven different minerals were also analyzed. The amount
of K was 518 mg% and its amount was significantly higher than that of Mg or Na. There were also negligible
amounts of Zn, Fe and Cu. The amounts of vitamin A, C and E under the Red LED were, 860.62x0.02 ugRE,
134.570£0.14 mg% and 1.44=x0.1 IU. The amounts under the Blue LED were, 432.48+0.05 ugRE, 137.05x0.1
mg% and 1.11£0.12 IU. The amounts under both Red and Blue LEDs were, 667.33%=0.11 ugRE, 118.50+0.09
mg% and 1.47=x0.1 IU. And finally, the amounts under a White LED were, 640.25%+0.08 ugRE, 119.87x0.07
mg% and 1.31%+0.15 IU. In this study, significant changes were shown in the chemical and nutritional properties
of the broccoli sprouts. These findings indicate that LED light sources stimulated germination of the plants.
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AFE U B2 A4 FEE FAS D, wME 43S F2Y
F Ao Buddt 2 Um 50 S3A oz
FLAA=} FHRE G5t A FFe E4S A7
A7, B we A5 ASS FU7HAZITA st 2
EAS T U R, gl 2 AMEd T visid A8
o] & FfEo] o] o] F WolAA AXAAE J]¢H
FERAEDY 231 Eo] SUtHET &ty SRS OE &
AR HAEAA 7Ved EEAS ALYy Ruda o
(9-11). =3 WEd& Zojrzl g & 255 Jits ¢
g a5 S7HA YA FTH(12). o)A Y 2 EA 7} o}
3} o E g

sica oleracea var. italica Plenck)= A A+3}3o) &3l= A
22 9% 27l EF HEAA 22 28t iR
o] F o)z EWHS 283, g Z7]A] £o] 4~57 A=
R3], 2 10~15% o vt wil§- FA3sHA "oh(13).
BRI A EE2 43 ascorbic acid, B-car-
otene, rutin, selenium, glutathione, quercetin So] th& 3t
freo] o, dMEZAAA 2 sE5aie] fFEadrt
Ay dHA B2 A77F I HT UTh(13,14). 53], B
2 o= AAY AA AFEEs FHANA & D 97
A& Z9F= EZQ sulforaphane(S-methylsulfinylbutyl
iso-thiocyanate)°] &= o] vkl &4 A=vl(15,16),
sulforaphane < Aol S22 A A A
o] FAolA TS A (17), AFALY ol el
= fFE% Aoz RuFHAG18). TS in vitro AH A
sulforaphane°] & o ZHEETE ofy e} A FutE o o
g e A E st o] RaEUTH19). dA7EA Y
2 E5FZ daiXe 3F A9 g Aled 7549 g
AF7F ool B AFE FAHLE AFE gt
HZ Topxf o] TlsAel et

Aot 2y AE23F AlLFolA Al FAE o] o] st
]

O o
4 2 540t A7E v v @ Ao

2 A7e HEZY TAE wolste 34 THE 9EF
AE Tl A A& Azt o]tz 54 9
FHE B B BRI AR 49U 7S Brtsted
B2 Ao F gi gdd 71edaE ade E8F
F de 71xAEE ATt gk

M2 W

o719 - o]l -

A& A

Aol A 430 nm WA 460 nm & H Lol LED F A%
ol 29(42), 49 Bk 5ol 10717 AN Z
2392 650 nm WA 680 nm 2] LED 34,
+7 A LED#¢), 9vk LED#E S A3ttt &5 1
21~23°C, #EE H5~60%2 -5t BaFe N8
vt =3 n2 s

Fa] 60°Coll A 24A17F AZ3F 3 200 meshZE 4 5le] #4
AEZ AHEEA T

fr = ) o of

o do & fo o wd

AL dFAE7E °&

=
AlFg o] AR AACC(20)8] Wil F3lo =

th &, FEIH(AACC 44-152)& 105°C Az, o2
< Kjeldahl'§(AACC 46-10), Z3]#2 3]|3H(AACC
03-0Dez 43 th 7718 32 05 g9 A8l 9 mL
HNO3, 1 mL H:O.& 7}3F & Microwave digestion sys-
tem(MPR-300/12S, Milestone Co., Sorisole, Bergamo,
Italy)ol| A AHE38le] A A AEE TFFE 50 mL
A4 3 ICP(Inductively Coupled Plasma, Thermo Jarrell
Ash Co., Franklin, Mass achusetts, USA)E £213}% 1L,
A4 Fe, K, Mg, Mn, Cu, Na, Zn¢] ICP &) 2F(AnApex
Co., Ltd, Daejeon, Korea) 2.2 ZTFI 4L 243519

g =y
9 £42 Jeong 59 WHCDOE FY &
AL t}S 0.22 ym membrane filter2 33+ 3 Sep-pak

Cis® A& 3 &id JE-S A Aste HPLC(HPLC 1100
Series, Agilent, Santaclara, CA, USA)Z &3t}
Column< carbohydrate column(4.6x250 mm, Waters,
Milford, MA, USA)E A3} 3L, solvent®} flow ratee
70% acetonitrile®} 1.0 mL/min, detector= RIZ 3}H 1L,
column 2%} injection volume 2tz 35°C2} 20 L3t}
EFEAZ AFE3 glucose, fructose= Sigma Chemical
Co.(St. Louis, MO, USA)A &S AL-&3t4 ).

S=2g st
B23g AR 3 goll 8% oFAIE 100
% 3,000 rpm, 583+ 94 E sho] &
=]

ke
FAES Qo FE3E BAYL 35wy

& 7hspel 4
ALl ThHA) 85%
Al

SRIE R
5o} 500 mLZ FE3FATh o] A 25 mLE FH3le e =
50 mL3} FF4 25 mLE Fhekel 183 A%, =25 e

It

FH3le 222 33 AA] F sodium sulfates 2% 7}sho]
FES AAS gL oHEZ 100 mL F83+4] 660 nm,
642 nmol A FFEE St & 22, SEEL 3,

SFATH22).

oL |

2229 b FFL =3

Sk B3k A8 3 goll 80% EtOH 60 mLE

Astel 6412 Bt 283 FEGIAAT. FEH A=Y
o 3]

2 BNz REE A3 o Sep-pak Cis cartridges



A)

(Waters, Milford, MA, USA)E 5347 045 pm mem-
brance filter(Woongki Science Co., Ltd., Seoul, Korea)=Z
o33 A& HPLCHPLC 1200 Series, Agilent) 2 #4314
TH23). 714 28 913 HPLC Z71S Capcell Pak Cis-
AQ(4.6x250 mm, 5 pm) ZH S AHE-3te] UV 210 nmell A
AE3P o, o] 54 2= 0.1 M NHHPO4(pH 2.5 with
HsPOy) & 945 1 mL/min®] £E= o|5AI Y. 22 E J

3= #7142 2FE 2 (Sigma) retention timeS B 113}
A%, RTET Ao ZHE HIFsAh
HIEfZI A &tk

A S

H el A9l deFe Beaulieu 52 W (24)& o] &3}9]
HPLC(HPLC 1100 Series)2 2484t} &, A8 10 g&
Fsl ollgk-e 30 mL} 10% pyrogallol - o8-2 &4 1 mLE
7vste] & &9ttt o1 7] KOH& 9 3 mLE ¥ &7
WANE AT F e BollA 3087 712 A3 A

202 YA s F/HF 30 mLE 7 A dE 2
S B3 T ZHE Hszgg 9 A efo] FAE ] ¢k
& W7AA AH AT A oHE Foll T FAYEF
(NazSOs)< 718l @4A17] Y rotary evaporatorZ 3 ¥
(45°C)3t ATt ojuf dojF ¥ H-
€4 10 mLE 713l &3iA171 o
(k. o] Ald8Hd 10 uLES Novapak-Silica(3.9x 150 mm,
Waters) column®] 2" HPLCo| FY3led 453 nmol| A
B-carotene &S SA3A . ©] B-carotene FFLZH
B vitamin A £ X|(IU)= tha3 2] ittt S B-
carotene 0.6 pg®] vitamin A 1 [U2} S7Fe]H o] 3ol 1/39]
AESHA a8S YR E, A8 100 g 9] B-carotene
St (ug)S 1.82 Uro] vitamin AY EH(IU)CE FA)S}
Atk

HIEIRI C &&t

HIER] C 92 RLD(# 413-91), BLD(%4%-9), RBLD
(A +283), WLD(EHHE-) o 2 Auligt B2 FE] Al
A Zr7ko] A8 2 goll 20 mL9] 10% metaphosphoric acidS
7Fsked 1083 d8A1Zl & A 32] 5% metaphosphoric
acidS 2o #238s v 7 @8E A8 & 100 mL mass
flaskoll %7131 A %2] 5% metaphosphoric acidY 2.2 £-7]
E A& £ mass flaskol] #dted 100 mLZ A-83F o 0.22
pm syringe filter2 o] #}3}o] HPLC(Agilent 1200)2 &2

E 9 benzene : hexane(1:5)
& olAE AP LA o= 3

Table 1. Proximate composition of broccoli sprouts

e ALHolAM B9 SF/E 2elste] Auid B2Ee] AR o]sehy 54 1759

39 Columne Shiseido Cig(4.6x250 mm, 5 ym, Tokyo,
Japan)S AF&3}993L, solvent$} flow rate= 22+ 0.05 M
KH,POy : acetonitrile(60:40)¥ 1 mL/min®.2 3} oH,
UV3A3} injection volume 254 nm2} 20 nLJ}t X5
21L& L(+)-ascorbic acid(Shinyo Pure Chemicals Co., LTD.,,
Osaka, Japan)S EAIFo 2 AME-3lo] HFF =7 25, 50,
75, 100 ppme] HEE EFFAE AAdste] Al ATh

HIEIRI E &2t

HE}Yl E= Ueda$} Igarashe] ®W(25)9] wel HPLC
(HPLC 1100 Series)2 Z4&tAth Al @ &AL oA wghvl
A9t FYS WR o2 AxEFon, vt Af JHZE F&
rotary evaporatorZ &3 O3 ZHFE9l hexane 1.0 mL
£ 718l §3iA1A o] RS AP RN SR BT o] AFHEH
1 mLo) tocol EF &N 1 mLE 713 o+, 2% 10 uLs
Novapak-Silica(3.9x 150 mm, Waters) column®] 2%
HPLCell F43tH o H, peak BAR o2 ALtsle] Al8F
9] tocopherol &S A &8lH T Tocopherol 23 A AF&
3k o] Z A &ull Z7-& hexane : isopropanol(98:2), <4 0.5

mL/min, 74& 7] UV, wavelength 298 nm®| %1t}.

SHAz|

BE AL 33 o) W&ty AASIRa, HdH E
"zt A F 2 A54E 8w 54 42 SA
(Statistical Analysis System, Cary, NC, USA) EAZ &
WL AFR-3le] BAF B4 (ANOVA)S A8, 7 A8
7He) #9994 HZ=<L Duncan’s multiple range testE AF8-3}

A Hp<0.05).

4 MN

UHNE
B Ao AMESE B2 Fe] QA dukgdE B4 doe
Table 13} 2t} #olo] oJgh il g3 Hals Hried
o= AAAQ n¥E] Wer}t F23517] Wil FE7]
ZRUE AF7)Fo] Aozt Bi(2526)5 0] & ¢
ToNE AFr|Foz vk E 2 IR dES B
=]
=}

6.93+0.001%, BHD 6.53+0.002%, RBH 0019,
WHD 7.18+0.001% 2 4=t} 32832 RHD 494+

(%)

Sprout samples” Moisture Crude protein Crude fat Crude ash Carbohydrate
RLD 6.93+0.001% 13.28+0.001° 7.48+0.01° 4.94+0.001° 67.37+0.01°
BLD 6.53+0.002 16.05+0.004 4.11+0.01¢ 5.20+0.002° 68.11+0.02°
RBLD 8.24+0.001° 10.13£0.006 4.41+0.015° 5.14-+0.005° 72.08+0.03"
WLD 7.18+0.001" 14.2440.004° 7.30+0.014" 5.2740.004% 66.01+0.02

YRLD: red lighting, BLD: blue lighting, RBLD: red+blue lighting, WLD: white lighting.
PEach value is mean+SD of experimental group. Different letters (a-d) in each values show statistical significances at a=0.05

by Duncan’s multiple range test.
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0.001%, BHD 5.20+0.002%, RBHD 5.14+0.005%, WHD
527+0.004% =2 F7re] f2o 8 2po]Z Yehh ATt 24
W 3eke RHD 7.48+0.01%, BHD 4.11+0.01%, RBHD
4.41+0.015%, WHD 7.30+0.014% & &4, 2z
3ekS RHD 13.240.0018%, BHD 16.05+0.004%, RBHD
10.13+0.006%, WHD 14.24+0.004% & ebstch 2 4]
28t &ate AxE WdRe] Ao —’F—‘% 2.84%, ¢
WA 21.829%, ZA 2.98%, Z3]E 378%E &3t
B2 2 A vste] 2uMd e =9koy, A
'E?]-E]:_Q_ 1/1—01-1;]_ 7%]_7]_ 13__[1—0};\]7 Hii{ﬂ _]_4 o
Zoi /‘\H tﬂat_ 204(y zu]—ﬁﬂx] 2204(y ZX
Z3F 6.25% % BF3LE 56.87% st
(27)519] LED #9& #<l B2 Z3 AH%}EE}
F‘J:_Q. lgolob} z;qu , Z 35 ‘@-
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sk & Aoz AmHL

g

647t Lol 7l BEFE R AT FFE 4T
ZA¥= Table 29 2t

LED #9& & 2238 AL £ 2T FrE3de] A
=5 om, glucose’} 2.94~3.12% = 7]-?4 @o] AZE
L, fructose= 154~2.04% ZA=F Aot A+ N3 LS
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%E] A2 LED "1’}]4 ZE"“ Ulr— Z}o] } A= AL
=2 /\]-iﬂt} Lee 52709 2ostH B=EZ 7 %L ribose,
fructose & glucose 35 2] FElFo] AEEHAIL(29), T2

2% 9] 8392 frucose®} glucose, 15 0] o|ZFHF2 sucrose

Table 2. Free sugar content of broccoli sprouts (%)
Sprout samples” Glucose Fructose
RLD 3.060.0°” 2.04+0.02°
BLD 3.11+0.015 1.66+0.01"
RBLD 3.12+0.02* 1.65+0.02
WLD 2.94+0.01° 1.54+0.02°

USee the Table 1.

?Each value is mean+SD of experimental group. Different let—
ters (a—c) in each values show statistical significances at a
=0.05 by Duncan’s multiple range test.

o119 - o5

- A A

Table 3. Chlorophyll contents of broccoli sprouts (mg%)
Sprout
Samples“ Chlorophyll a Chlorophyll b Total
RLD 698+0.020"? 403+0.003*  1,101+0.020
BLD 585+0.010¢ 267+0.003¢ 852+0.004
RBLD 670+0.030° 400+0.010°  1,070+0.010°
WLD 777+0.010% 380+0.003°  1,157+0.004"

YSee the Table 1.

PEach value is mean=+SD of experimental group. Different let—
ters (a-d) in each values show statistical significances at a
=0.05 by Duncan’s multiple range test.

7} AEE Yo 547t wola) 7l §-x 7}
A& frucose, glucose @ sucrose 3Z%o] A&H Ut B

a8 TH30).

Szeg s

2229 o= JE2N 229 be F2AL JEH
I W §e 318 EA ST LED 3o e Bz e A%
ol frHol A= FERLY FehyEe e 224 A%
371 A9 94FS A= BAS 2, 283l 945 S
TN SEEHS oEh B3 F22Y 9 T4
Mg, 84 4e] o) 41L& Feoldt A 9]of o] & 2> phor-
phyrin FZo]H, ol FEo] §E4E HF 5t 43tE o
2% vmﬂ EA8HE Fedt Mg7t x| &5 o] 445 A
e 28884 B9ste Ao HuEa Juh(31,32).

LED %-‘aoﬂ A

o

2 12 EE AR S22 FqFs &
gt Az} (Table 3) WLD(EW+34)e] & S229 IF
1,157+0.004 mg%, FE&H a 777+0.01 mg%, FE£2
b 380+0.003 mg%2] oz 713 =gkon BLD(HAZ
DY F F22F TS 852+0004 mgh, FEEZE a 53H
+0.003 mg%, 222 b 267001 mg%e] o= 7%
e S BT AENES Udelle E223 a9 §F
o] 2229 pol| vId] F2 AFS Bioy, S-S e
e a ¢t & F229 332 WLD(EWEd)E A
A A E=A el 23 B2 F2e] e F223
e AFR F FEE2F U7 mg%, FEEF a 698 mg%,
FE229 b 249 mg%(33), "IUE] F FEZ 3 612 mg%,
Z229 3462 mg%, 22 b 153 mg% (3R} Zdoh

O

=

7| bk Bt

LED #9o2 g3 BzFe] Aae #7]4ke citric
acid, malic acid’} &g, LED 34 wa} 2tz &
gktH(Table 4).

Citric acid, malic acide EE A|BdA AZFHoH,
Citric acide 908~1,136 mg% 2 A2 ZA(BLD)o|A 7173
A =45 Jt} Malic acid= 514~834 mg% 2 & M4
(RLDM]H 7V = S B o lactic acid, 3)EA
< Z+&= oxalic aad* Ca¥?l B8449S A3t Cagl AW
o] &-ES A= frIitezE dHEFed(3H), LEFY
Ao BE A BA HEHA &St ol AT A



AEZF A 2"A FAY FR/RE 28t A B2Fe A% o]sty 54 1761
Table 4. Organic acids contents of broccoli sprouts (mg%)
Sprout samples” Citric acid Malic acid Lactic acid Oxalic acid
RLD 908.87+0.1% 834.58+0.21° ND? ND
BLD 1,136.98+0.17* 514.71+0.17¢ ND ND
RBLD 1,061.80+0.2° 518.14+0.1° ND ND
WLD 1,132.59+0.16" 716.49+0.11° ND ND

YSee the Table 1.

?Each value is mean=SD of experimental group. Different letters (a-d) in each values show statistical significances at a=0.05

] by Duncan’s multiple range test.
INot detected.

Table 5. Mineral contents of broccoli sprouts (mg%)
Sprout samples“ Fe K Mg Mn Cu Na 7n
RLD 5.79+0.01" 51867+0.01* 339.02+0.009°  2.63%0.08" 0.76+0.02>  94.03£0.011°  6.95%0.012°
BLD 5.88+0.011* 427.71+0.01° 281.85+0.01¢ 2.40+0.09 0.794+0.01°  83.21+0.01¢ 8.43+0.01°
RBLD 491+0.01Y 386.12+0.013% 332.36+0.012°  248+0.014° 0.75+0.05°  99.75+0.015" 7.6+0.09°
WLD 553+0.012° 433.09+0.017° 360.08+0.011"°  253+0.01" 0.79+£0.01* 117.44+0.011"°  6.16+0.01°

YSee the Table 1.

PFach value is mean=+SD of experimental group. Different letters (a-d) in each values show statistical significances at a=0.05

by Duncan’s multiple range test.

AetA g B ARASE O el
Aoz AtgEch 2 AR A i
7F AEHA gsten, Feo e F714HE levulinic
acid, malic acid, citric acid =0l A TH36). Y 2o F-$-=
Fr71%F F oxalic acid ##&e] 7H¢ Bol AEHJL, &2
2 citric acid, maleic acid, succinic acid, malic acid, acetic
acid, formic acid <=2 2 AZHATHET).

HAaSAY 3EE
24T oxalic acid
}

o
.
Al

Fde] g B2 Fe AR F71d FHFE Table
59} 2o} F 79 F71A Aol AEHAL o] T
AL Hel g -] K ko] 518 mg%E 7 Bk
om 2o 2 Mg, Na #0111, Zn, Fe, Cudl &k mj=
o]Jth Kim 5(38)¢ ot A& B2Fd o F9 4§ 77
A g3 K, Ca, Na, Mg, Mn, Fe, Zn, Mn, Se 2.2 &}
U LED 3dS A 2238 AR nEFe 9o U4
Qe g ke oFghe] Aol7t AeS AT

M= =2

o) X
L‘l‘

HIEIQI A C, E &2t
e A, C 2 E 35S
HIER A9 EHaFe A 434
o A 860.62+0.02 ngREZ 714 =& 3

9l Co A9E FMBABLD)S HA B2 A& A
137.05£0.1 mg% 2 7} =4 Jelst veyl E 49
1.11~1.47 1U¢] =S e At 2 2] 49 vlgrdl
E7} 0.37 mg% 5ol AeE A2 Bu(37)Ho] B2 EF
g Aol 284 ksl vHlERRIQL HIENY] E o] A
AR 3~48] o] =A UEigt =3 &F & Egde

i
o
ol

+ A3+ Table 63 2t}
< HQl Bz Iy g%
FS

e Holor, vig

=
&
=

HElY gk B4 A vl Aek EY de zhzt 0.09
mg%<}t 30.6 mg%ol ATHR9). HEZFa] o A9 Hlgd
A%t B9 3L 0.06 mg%, 0.82 mg% = LED F9<& H<l

Table 6. Contents of vitamin A, C, E in broccoli sprouts

Sprout Vitamin A Vitamin C Vitamin E
samples”  (ugRE/100 g) (mg/100 g) (IU/100 g)
RLD 860.62+0.02”  13457+0.14°  1.44+0.1°
BLD 432.48+0.05° 137.05+0.1% 1.11+0.12¢
RBLD 667.33+0.11° 11850+0.09  1.47+0.1°
WLD 640.25+0.08° 119.87+0.07°  1.31+0.15°

USee the Table 1.

YEach value is mean=+SD of experimental group. Different let—
ters (a-d) in each values show statistical significances at a
=0.05 by Duncan’s multiple range test.

BRI Aol &F Holy Baae &, fA| g Bt
of &4 kst viEtel}l HIER E o] 453 =2
AOZ YERETHZT).

kO

oF
2

o
AES

e

LED#el w& Axg 52F8] o] o
Mgt A} gde] wEt Fo3 %1 2polE el o, 74
2 glucose7} 294~3.12% = 7} @kl fructoses 1.
~204% A== F 2T A=HJ F2=2F FHFL
WLD(guh3)S 9l 222 Af¥oA & F=224 3
2 1,15740.004 mg%, 222 a 77710.01 mg% = =7
e f714E F 2% 9] fr14be] AEE NS, citric
acid, malic acide 2E A|BAA AESH AL, citric acid T
Fe 908~1,136 mg% 2 FAFABLD) A 71 =4 =
A= NS ™M, malic acide 514~834 mg%Z A3 (RLD)
oA 71 =2 FHFS Bk F71E F 7E9Y Ao
HAEHAA, o]F K gFFo] 518 mg% = 7 wokow, ths
© 2 Mg, Na ¥=°]03L, Zn, Fe, Cu?] &2 v Fol ).
HENY Al C 2 E g8 Z+2E RLD 860.62+0.02 ugRE,
134.570%0.14 mg%, 1.4440.1 IU, BLD 432.48+0.05 pgRE,
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=7 %2 LED 3ol we} A=A7h dofste] o s
S dope} FA HEAH W FF Bt HEol 2 WsE
dodl= A2 YEyH
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