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Abstract cabbage was harvested at 110 days after sowing (DAS). The
UND: Chi . . . status of plants growth (leaf length, width, fresh weight
BACKGRO + Chinese cabbage biosynthesizes various etc.) was immediately investigated. Carotenoid and GSL

[I;hyt.ochermctalls incluillmg cargteno;is :md tg}iucosil;)lllatesd contents were analyzed by HPLC. [Experiment I ] Results
nvironmental STess as a major etiect on the growth i documented that the ranges of total carotenoid contents

yields of vegetables, and can significantly affect nutritionally were 25.39 ~ 58.80 mg/ke dry wi for lutein, 0.84~ 4.22

%mportant phytoc.:hermcals. Phytochemicals of p%ants are me/kg dry wt for zeaxanthin, and 3.85~18.71 mg/kg dry wt
1nﬂu<?nced b}.’, light, te@pera@e, carbon d19x1de, ) and for [-carotene. Lutein was the highest for the content and
growing cond1t10n§. The 2.11m of this study was to 1nvejst1gate the largest for the variation as well. [Experiment I1] Results
the effect of various .hght. sources on carotenoid and documented that the ranges of total carotenoid contents
glucosinolate contents in Chinese cabbage. were 24.66~137.96 for lutein, 2.51~20.65 for zeaxanthin,
METHODS AND RESULTS: [Experiment I] Set the and 8.40~49.80 mg/kg dry wt for (-carotene. The total
control (field control, FC) on the ground. Using acrylic carotenoid contents of CR (156.62) and CB (115.90) were
sunlight, experiments were set up transparency box (field 1.6~2.3 times larger than the other treatments, and [
transparency, FT), red box (field red, FR) and blue box ~carotene content was about twice as high as that of the other
(field blue, FB). [Experiment II] Set the control (chamber treatments on the CR (38.74 mg/kg dry wt.). [Experiment I]
control, CC) in the greenhouse. Using plant growth Total GSL content was the highest in FT (19.76) that was
chamber with artificial light, experiments were set up LED higher 1.7 times than the lowest treatment (11.39 umol/g
red (chamber red, CR), LED blue (chamber blue, CB), LED dry wt.). [Experiment 1I] The total content of GSL was
mixed red+blue (chamber red+blue, CRB) and fluorescent highest in CRB (4.19) and lowest in CF (2.88 pmol / g dry

(chamber fluorescent, CF). After plant growth, Chinese wt.). In the CRB, total GSL contents (4.19 jumol/g dry wt.)

was the highest.
*Corresponding author: Sun-Ju Kim CONCLUSION: Total and individual carotenoid and GSL
Phone: +82-42-821-6738; Fax: +82-42-821-7142; contents in Chinese cabbage show significant differences
E-mail: kimsunju@cnu.ac.kr under different light sources. Red and blue lights contribute
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to significant carotenoids expression and antioxidant
activity for nutrition and health benefits. These results
concluded that the introduction of varying lights affected
the synthesis of important nutrient compounds in Chinese
cabbage. It is predicted that the application of good light
source enhances the accumulation of functional compounds.

Key words: Carotenoids, Chinese cabbage, Glucosinolates,
Light sources

M E

OO0 (Brassica rapa L. ssp. pekinensis\0 00O
(Brassicaceae)d 000 0O0O00 OOOOODO OO OO
0 0000 25%0 0000 OO0 00000 oooo o
00 000 000 carotenoidsd glucosinolates(GSLs)[
0000 O0MHwang, 2010).

LED (Light-emitting diode)d 0O 00 000 OO
0,000 00 OO0 0O 000 Ooooobo booo oo
0 00.00 00 000 00 000 o0 o0ooooo
0 00 000 00 000 000000 0O ooo oo
0 000000 00O 00O 000 00 0000 00(Heo
et al, 2013). LEDO 0000 00O 000 0O0O0O0O OO
oo0O oooO OO0 OooO ooo oo oooo ooo
carotenoid, GSLO 00O 000000 OO0 OO OO O
OO0 OO0 OO00O(Lefsrud ef al, 2008). OO OO O O
0030 ~780 nm)00 0000 OO0 OO0 OOOO OO
0 660 nm0 O0O0O0 OO0 OO OO0 OO 0OO0O0O,
00 00 0O 00 OO LEDOOO OO0 oo OO oo
LEDOOO 00 0O0O0O0 000 000 000 oooo
00000 OO0 000 O0O0(Matsuda et al, 2004;
Massa et al, 2008). OO0 OO O DOOO#50~500 nm) O
000 0000,00 00 00,co, 000 00 000
00 000 D00 O0000(Schwartz and Zeiger, 1984).
0000 0000 0000 000 OO0 o0oo ooo
000 O0O0OO0 O 00 OO0 00 O0000(Goins et
al, 1997), 000 0O0OOO0O OO0 OO OO O OO O
OO0 OO bOoOO ooO ooo obo bo boobo
(Yorio et al, 2001; Matsuda et al, 2004).

Carotenoidd] 00O 000 OO 4000 0000 OO0
000 polyene chaind OO0 150 000 OO OO0 0O
00 (Hirschberg, 2001). D000 OO0 carotenoidd O
ooo0o00 oobb Ooo 0 Ooob, bbb ooo oo
0 OO OO 0OoOoOoooO ooo oooo ooo oo
(Miglio ef al, 2008). Carotenoidd [0 O (400~500 nm)
0 0000 0000 0bbo0 00 oo oooo o o
O (light harvesting)d 0000 000 000 0O 00 O
00 OO0 0000 OO0 bOO0O0 OoOoo ooo ooo
O (Lee et al, 2010).

GSLsOl OO0 0000 ODOoobooob oo ooo

000 00000 000 ROO OOO OO O 2000 OO
00000 000 O0(Clarke, 2010). GSLsO 700 OO
00 (alanine, methionine, valine, leucine, isoleucine,
phenylalanine, tryptophan)0 000 OO0 OO (Fahay
et al, 2001), methionineD 000 OO0 aliphatic GSLs,
tryptophand0 000 000 indolic GSLs, phenylalanine
0000 000 aromatic GSLs OO0 3000 O0OOO
(Halkier and Du, 1997; Huseby et al, 2013). OO0 O
00 00 000 00 00 GSL OO0 OO0 000 O
O 000 0000 000 000 000 000 o0 GSL
000 0000, 0000, 0000 00 00 000 oo
(Fenwick et al, 1983).

00 00 0 000 000 OO0 00 oooo oo o
00 0000 000 LED O 0000 0000 O OO0
000 00000, 0000 LEDOO 000 OO0 00 O
0000 O0O 0O0ODO OO0 OO OO 000 boOo oo
0 0000 00 00O 00.00 0 ooboog oooo
0000 0000 ooooo ooo. 000 0 oog o
00 000 000 00 00 O carotenoidd GSL 00O
000 0000 OO0 OO0 oo 3oo0@, 0o, 0o O
00 000 O00[00 10 00 000 (growth chamber)
000 LED(O, O, O0+0 0OO0)O 0000 0000 OO
00 OO[00 O] 2000 OoO0O00O00.

v

Alet

Ethanol (C;HsOH), Hexane (C¢His)O Fisher Scientific
Korea, Ltd. (Seoul, Korea)(1 [, dichloromethane (C:HsCl,)
0 Merck KGaA (Dermstadt, Germany)O0 O O00000O.
Acetonitrile (CH3CN), methanol (CH;OH)O J.T. Baker
Chemical Co. (Phillipsburg, NJ, USA)O O, ethyl acetate
(CH3COOC,Hs5)00 Burdick & Jackson (Ulsan, Korea)O
0O O00000. Sodium acetate (NaGCH;0»3H,O)0 Samchun
Pure Chemical Co., Ltd. (Pyeongtaek, Korea)OO,
potassium hydroxide (KOH)O Daejung Chemicals &
Metals Co., Ltd. (Siheung, Korea)J O OOO00O. OO
00 00000 0000 Sigma-Aldrich Chemical Co.
(St Louis, MO, USA)O O, «-0000 4000 OOOO
Wako Pure Chemical Industries, Ltd. (Osaka, Japan)O
0 O000O00. 00 0000 DEAE-Sephadex A-250
GE Healthcare Bio-Sciences AB (Uppsala, Sweden)[]
0, Sinigrin (2-propenyl GSL)O aryl sulfatase (type
H-1, EC 3.1.6.1)0 Sigma-Aldrich Chemical Co. (St
Louis, MO, USA)OO O0O0O0OO.

Ot3 2 dXlfield)E OIS EfAE & [&Y ]
@000 000 000 00000, 00000 000
0000 000000 20150 80 1000 00000. 00
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Fig. 1. Sunlight with acrylic treatment of experiment group.
(@), red acryl; (b), blue acryl; (o), dear acryl (Expetiment I).

0 O000O0(plug tray, 500)0 000 OO0High, OO0
00,00)0 00 O 00 000,000 000 00 00
000000000 00 00 0o 0obo boooo.
000 0000 00 o0bo 0o, 00 00 000 o
0 0000 00000. 00 300 O(DAS, day after
sowing)l 500 OO O 4800 OO0 OO0 OO0O0OCOO.O
00 (field control, FC)O OO0 OO OO0 OO0, 00O
0 O0d(field transparency, FT), OO (field red, FR), O
O (field blue, FB)O OO0 OO0 OO 400 O0OO0O O
00 O(Fig. 1), 110 DASO O00000O. 000 000 O
ooo@Eoo o obob0ooooo,b0,000)0 000
0 -70C 00 00D OO0 (SFDSF 12, Samwon Freezing
Engineering Co., Busan, Korea)d O0O00 OO0O0O0O
00 000 0OoDoOo ooooo.

Al
=

rd

o 1=

1S 1]

EIEID goooo goo ooooo oo goog d
00 0000 OO0 oog, 36 DASO OO0 0O0(@15%
15X19 Cm3)|:| goono gooogd booooooo og
00000 O000. 000 (chamber control, CC)O0 OO0
0O 00 00000 ODoO00O oobooooooo(Growth
Chamber) 00O LED 000 (chamber red, CR), LED
000 (chamber blue, CB), LED O+0 0O0O0O(chamber
red+blue, CRB), 00 O (chamber fluorescent, CF)O O 7
00 00000103 DAS~109 DAS)(Fig. 2). 00 000
160~180 umol-m>-s”, 0000 O/0 11/13 h, 000
00 0000 00 0000 oooo oooo o/o 12/
10CO 000000 00000 60~70%0 00000, O
00 000 110 DASO0O0. 000 000 booo@a,
00,000)0 000 0 -70C OO0 000 O0O0O(SFDSF
12, Samwon Freezing Engineering Co., Busan, Korea)ll
0000 00000 00 000 o0oooo ooooo.

% MZE7|(growth chamber)& 0|28 132
A
0

Carotenoid £& % HPLC &4

00 00 500 mgd 0000 50 mL-Falcon tubed O
O ethanol 5 mLO OO O, OO00O(vortex) O OOO
0(@5C)0Oo 500 D0000. 00 80% KOH 1.5 mLO
00 000000 00 0O 0 0000@sC)0o0 1000
doooo. 0o 0o 000 00 ooo ooo o ogd o
0 000 0O000O0. 000 0000 hexaned O 25
mLO 00 O000O(vortex) O, 0OOO(3,000 rpm, 3

Fig. 2. AI‘tI.flClal hght source (LED) treatment of experiment
group. (a), chamber red light (CR); (b), chamber blue light
(CB); (c), chamber red+blue light (CRB); (d), chamber
fluorescent lamp (CF) (Experiment II).

min)J 00000 000 OO0 (hexaned)O OOOODO.
0 000 0000 20 0 0000,0 30 o000 o
0000 0000 0000, 00 0000 oo ooo¢@
0C)0 00O 00, dichloromethane : methanol= 50:50
(v/v) 1 mLO OO sonicator00 000 OO0 O0O0O.
0 0000 000 045 pm hydrophilic PTFE syringe
filter (00 13 mm)J 000 O, HPLCO OO vialDO
00 HPLCO 0OO0O0OO00. Carotenoidd OO 0OOO
YMC carotenoid C30 column (250<4.6 mm LD., particle
size 5 ym)J 00000 HPLC (Perkin Elmer Flexar,
Inc, MA, USA)OD 0000 OOOOO. 00O OO0 (detective
wavelength) 454 nm, 00 (flow rate) 1.0 mL/min, OO
00 (column temperature) 40C0 OO0OO0 0OOO0OO,
000 100pL OO0O00O0. 000 OO0 solvent A [water:
methanol=25:75 (v/v)]0 solvent B (ethyl acetate)l] O[O
Oo00O. OO OO0 solvent BO 60%0 OOOO 400
70%00 000000,900 75%0 0000 00 2000
0O 00000,2300 100%00 0000 28000 O0OO

0,28100 60% 00 OO0 0000 O 3000 oO0O
00.0000000 400@000,00000, 000, &
0o0) 00000 OO0 oooo O ooo "»Heee oo
OO0(area)d OO0O0O DOOOO.

GSL && #H HPLC 24

00 00 100 mgh 0000 2.0 mL-Eppendorf tube
O 00, 70%(v/v) boiling methanol 1.5 mLO OO OO
OO (vortex)D0OO. 0000 O 0000@5C)00 500
O(crude) GSLsO O0O00O0. O O 2.0 mL-Eppendorf
tubell 0000O(12,000 rpm, 4T, 10 min) 000 OO0
0000 DOO(test tube)d OOODO. O 00O OOO
020 0 0000,0 30 00000 0 0000 000
0 0O000. Mini-column (1000 puL pipet tip)d 00 O
00 00000 00 OO0 0000 DEAE Sephadex
A-250 5 ecm0O0 OO O GSLs O OO0 (crude extract)
O pasteur pipetd0 OO O0O0. 0000 00000 O
00 2 mLO pasteur pipetd 0 OO0 O00. Mini-column
00 0O 000 paraffin filmO0 00000 OO OO,
aryl sulfatase solution 75 pLO 00 0O 16~1800 OO
000 00 0 0, 20 mL-Eppendorf tubed OO0 0.5
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Table 1. Plant growth of Chinese cabbage in all treatments
Treatment leaf length  leaf width leaf number head length head width head weight fresh weight dry weight water content
(cm) (cm) (cm) (cm) (kg) (1/8, g) ® (%)
FC 30.3+2.63a"  23.3+1.16a 35.3+6.06a  23.3x1.32a 15.7+1.91a 1.34+0.33a 225+62.6a 17.0+2.1a 92.3+1.00a
FT 24.0+1.53a 14.3+1.31c 41.0+3.32a  18.0+1.03b 11.8+0.57b 0.39+0.06b 135£19.6a 10.0+0.2b 92.4+1.22a
FR 30.0+4.13a  18.0+1.94bc  423+396a  19.9+556a  12.8+1.7lab  0.73+0.46ab  150.5x63.4a  10.6+2.2b 92.8+1.03a
FB 27.8+3.83a  19.1+34lab  415+4.15a  19.1#1.07a  13.0+1.64ab  0.55+0.15b 149+66.8a 10.2+2.9b 92.7+1.11a
cc 39.6+3.622a  27.3+4.0la  41.8+3.77a 24.4+043ab  16.5+1.10a 2.80+0.40a  275.8+31.35a 14.8+1.99a  94.63+0.3a
CF 36.3+5.93a 24.4+4.30a 43.7+3.40a  23.1+1.44ab  13.6+1.15ab  2.10+0.21ab  280.2+15.92a 17.3+1.09a  93.81+0.3ab
CR 34.5+2.47a  25.78+10.20a  45.0+1.58a  19.2+2.11bc  11.3x1.66bc 1.40+0.38b 189.3+17.82b  13.4+1.95a  92.96+0.4ab
CB 33.6+4.09a 22.08+2.88a  43.5+3.50a 17.2+2.04c 8.8+0.65¢ 1.10+0.35b 170.0£29.83b  12.2+0.71a 92.7+0.8b
CRB 37.78+3.0la  25.82+4.48a  44.0+1.4la  25.8+448a  12.1+2.13b 1.50+0.66b  205.9+47.46ab 14.0+2.24a  93.01+1.1ab

* Within each column values follow by the same small letters are not significantly different at P<0.05, using Tukey’s multiple-range test. (=4,
except for CF n=3). Each means that FC, field control; FT, field transparency; FR, field red; FB, field blue; CC, chamber control; CF, chamber
fluorescent; CR, chamber red; CB, chamber blue; CRB, chamber red+blue.

mLO 30 OO0O0 OO00O0. 0000 000 045 pm
hydrophilic PTFE syringe filterd 000 O, HPLCO O
0 vialOO 00O HPLCO OOOOO. GSLO OO OO0
Inertsil ODS-3 column (150<3.0 mm Ld., particle size
3 wm), 00 OO0 Inertsil ODS-2 Cartridge Guard
column E (10%X2.0 mm Id., particle size 5 um)(GL
Science, Tokyo, Japan)J 00000 HPLC (Agilent
Technologies, CA, USA)O 0000 OO000O. 0000
0 00 O0O(detection wavelength) 227 nm, 00 (flow
rate) 0.4 mL/min, 00 OO(column temperature) 40°C
00000 00000.000 100w 00000, 00O
000 solvent A (OOO)O solvent B (acetonitrile,
CH3CN)O 0O0000. 00 000 solvent BO 0000
oo0o0o0, 0 27000 OO0 OO0 OOOOO0. Solvent
BO 00O 20000 0%0 00000 700 0%00 10%0
ooooo, 16000 10%00 31%0 00000, 1900
0 31%0 00000 21000 31%00 0%0 00, 270
00 0%0 00000.GSL OO0 O 000 30000 0O
000 0D000D00D0 sinigrind HPLC 00O 00 (area)d
0000 O 000 response factord OO0 O O0OO0O00
(ISO 9167-1, 1992).

£ 24

0000 O carotenoid, GSL 00O OO0 Microsoft
Office Excel 20100 0000 O OO0 OO OO0 OO
O (average value)d 0000 (SD, standard deviation)[
0000. 0000 00000 IBM SPSS® 21 StatisticsO
oo0o0Oo, 00 000 oooOo@o 0.05 000 OO0
0 Tukey D000 OOODOO.
Za 9 o3
VESIRVES

[0O I OO0 000 000 000 0ooo oo

(field control, FC), OO (field transparency, FT), O O (field
red, FR), O0O(field blue, FB) OO OO0 FR OO0
(30.0)00 OO OOOO FTOOOR40 em)OO OO O
O0O(Table 1). 00O FR O000O42.3)00 OO OOO FC
000@G53 0)ooO OO0 OO0, 00O(640~690 nm) O
00 0000 00000 0000 0O00(420~470 nm)
oo0O OO0 O0O000 OOo0o0Oo Doobb ooooo
000 Bang ef al, 2012), [O0O 1000 FR O000O(18.0)
o0 FB OOO(@91 emUO OO0 OO OO DOCO O
O. FT 00000 00(180 ecm)d 0OO(11.8 ec)d OO
00000 00 000. 0000 FC 0002250 00
0000 Frooo@ss g 00 000,000 00 FC
00017000 0O 000 FTOOO(10 gO0O 00 O
oo.

[O0 I 00 O00(growth chamber) 000 LED
(0, 0,040 0OO)O OOOOC COOD OOOO OOoBo
000 (chamber control, CC), 000 (chamber fluorescent,
CF), LED 000 (chamber red, CR), LED 00O O (chamber
blue, CB), LED O0+0 0O0O0O(chamber red+blue, CRB)
00 000 CC ooo@eeono oo oooo, ooo
CC 000E@73)00 OO OOO0. 000 CR O0O0O45.0)
00 OO0 O000. 0000 CFOOO@Ese2to oo o
00.000 000 LEDOOO OO0 000 000 oo0o
0O 000 000 OO0 00O oooooO(Park et al,
2012), [ODO mOoOO OO0OO OO0 OO0, 00,000
OO0 LED 0000 OO0 OO0 000 oooo.

OI=ZE &Xte mE 24

00 0000 ooo 000 ooo oo, oooooo
ooooOo ooooO oooo 20~30%00 boo0o0 oo
00 630~780 nmO 00 OOO0O 90%0 0000 (Fig. 3).
ud ooo oob ogo ooododo ooodo oooo
o000 20~30%00 0000 0OO00 430~490 nmO0O
O Oooo 75~85%0 0000. 00 ooo oo oo o
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(a)

wavelength (nns)

wavelength (nm)

wavelength (nm)

Fig. 3. Transmittance of acrylic box. (a), red acrylic box; (b), blue acrylic box; (c), transparent acrylic box.

Intensity (mAU)

Retention time (min)

| ®)

|

N J o ol o o

Intensity (mAU)

2
|
SV

Retention time (min)

Fig. 4. HPLC chromatograms of carotenoids separated
from Chinese cabbage. (a), Carotenoid standards; (b),
CRB treatment. Peak 1, Lutein; 2, Zeaxanthin; 3, o
-carotene; 4, 3 -carotene.

0000 00000 OO0 0000 0000 90%0 000.
U ooo ouo odu ooo ooo oooo oo oo
0 00 00 000 oboogo oooo ooo o goo,
ud ooo oo od oo ooood oooo ooo
0 ooo.000 0 oo ooo oobo ooooo oo
ooo 0000 000 ooooo 0o 000 ooooo.

Z+2lof| = carotenoid &H2F

00 0O carotenoidd HPLCO OO0 00, carotenoid
0 300(M00,00000,4000)0 00000 (Fig 4).
[O00O 100 000 0O carotenoid OO OO0 O0OO
25.39~58.80, OOOOO 0.84~422, /000 3.85~18.71
mg/kg dry wt.0 00 (Table 2). 0000 000 FC OO0
0 53670 OO 000, FT 0000 2831 mg/kg dry wt.
000000, /0000 000 FCOoOoo oo oo
0 (16.06), IO OOOOOO FBOOO(13.12)0 FROOO
(5.38), FT 000 (5.79 mg/kg dry wt)0 0 O 240 000,
[OD0 IO carotenoid OO0 OO0 FCOOOOO OO OO

Table 2. Carotenoid contents (mg/kg dry wt.) of various light source treatment in Chinese cabbage (Experiment I and II)

No. Treatment Lutein Zeaxanthin [B-Carotene Total
1 FC 53.67+3.30a" 3.68+0.40a 16.06+1.83a 73.41+5.46a
2 FT 28.31+1.81c 2.03+0.42b 5.79+0.71b 36.12+2.04c
3 FR 40.24+4.61b 2.14+0.79b 5.38+1.10b 47.76+4.87b
4 FB 47.38+4.32ab 2.20+0.25b 13.12+2.74a 62.69+6.00ab
Ave 42.40+10.11 2.88+0.85 10.09+4.95 55.00+15.01
No. Treatment Lutein Zeaxanthin [B-Carotene Total
1 CC 35.41+12.58¢ 11.90+5.28a 21.84+9.61ab 69.15+23.63bc
2 CF 59.52+10.83bc 6.47+4.01a 14.96+0.71b 80.95+14.96b
3 CR 108.35+21.43a 9.53+2.40a 38.74+6.57a 156.62+24.99a
4 CB 81.35+14.69ab 8.91+3.99a 25.68+11.14ab 115.90+29.57a
5 CRB 69.25+5.54bc 6.94+3.09a 17.77+3.51b 93.96+5.87ab
Ave 71.37+28.37 8.87+4.32 24.26+11.21 104.49+38.06

 Within each column values follow by the same small letters are not significantly different at P < 0.05, using Tukey’s
multiple-range test. (=4, except for CF n=3).
Each means that FC, field control; FT, field transparency; FR, field red; FB, field blue. CC, chamber control; CF,
chamber fluorescent; CR, chamber red; CB, chamber blue; CRB, chamber red+blue.
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Table 3. Glucosinolates identified in Chinese cabbage with different light sources

No.” RT” Trivial names Molecular weight (m,/2)" Response factor”
1 9.67 Progoitrin 309 1.09
2 11.75 Glucoalyssin 371 1.07
3 11.99 Gluconapoleiferin 323 1.00
4 13.15 Gluconapin 293 1.11
5 1517 Glucobrassicanapin 307 1.15
6 16.07 Glucobrassicin 368 0.29
7 16.79 4-Methoxyglucobrassicin 398 025
8 17.14 Gluconasturtiin 343 0.95
9 18.46 Neoglucobrassicin 398 0.20

& No, the elution orders of HPLC analysis. o RT retentiontime (min).
9 As a desulfo-glucosinolate. ¥ The international organization for standardization (ISO 9167-1,1992).

00 0 000 000 000 oo oooo booo bo
0 000 000 000 Ooobo,00 oo booo oo
0000 000 000 000 «0000 pO000 oo
0 0000 0 00 000 00 000 «000oo oo o
000 000 O0(Susan and Olle, 1990)0 OO0 OO0
oo00.00 0 000 OO0 bbb oo oo O oobo
0,00 00000 0000000000 oog ooo
0000 O 0 00 000 000 000 oood.

[0 OO0 000 O carotenoid OO 000 00O
24.66~137.96, 00000 251~20.65, fO000 8.40~49.80
mg/kg dry wt. O0O0O(Table 2). OO0O0O OO0 108.35
mg/kg dry wt.O 00O 000. pO0000 000 CRO
oooo 38740 OO 0O0O0O, CF OOOOO 1496
mg/kg dry wt.O OO O0OO.

O carotenoid 000 CR O000(156.62)0 CB 000
(11590 mg/kg dry wt)O OO0 00000 O 1.6~230
o000, 000 0000 0000 ooo ooooooo
000 OO0 OooO OoO Doob boobo ooobo
0 000 000 000 000 im ef al, 2013). CR O
o000 00 pO000 000 00 000 oooo pga
00 000 000000 MWu et al, 2007) OO0 OO0
0O 0000 0000 0000, [00 10 ooooo [oo
00 00000 carotenoid OO0 O0OOO, OO0 LED
0 0000 000 00 0000 OO0 000 ooooo
00 0O 0O 00 00oobo ooooo ooobo o oo,
000000 000 000 oo0o0 O00MHeo et al,
2010)0 OO0 OO0 OOD 00O OooO0.

Zelo| 02 GsL &

00 0O GSLsO HPLCO 000 00, 900 GSLs
(progoitrin, glucoalyssin, gluconapoleiferin, gluconapin,
glucobrassicanapin, glucobrassicin, 4-methoxyglucobrassicin,
gluconasturtiin, neoglucobrassicin)d OO0 0O 00 OO
O (Table 3 and Fig. 5). [00O 110 O GSL OO0 FT 00O
00 197600 00O ODOO,FROOOO 11.39 pmol/g dry

(a)

Intensity (mAU)

(b)

Intensity (mAU)

Fig. 5. HPLC chromatograms of glucosinolates separated
from Chinese cabbage. (a), sun-light (field control) and
(b), artificial-light (growth chamber control). Peak 1,
Progoitrin; 2, Glucoalyssin; 3, Gluconapoleiferin; 4, Gluconapin; 5,
Glucobrassicanapin; 6, Glucobrassicin; 7, 4Methoxyglucobrassicin;
8, Gluconasturtiin; 9, Neoglucobrassicin.

wt 00 O00O(Table 4). FT 0000 glucobrassicin [
00 3.740 FR OOO0O glucobrassicin 00 1.68 pmol/g
dry wtOO 0O 20 O00. Glucobrassicinll indole-
3-carbinold 0000, indole-3-carbinold OO0 OO O
ooo00 0O 000 O0o0ooo O 0000 (Zhang
et al,1994). 00 0000 OO0OO O OO O OO O
00 000 000 00 0000 oo00o0 ooo oo
O (Brew et al, 2009; Pedras et al, 2006). FT OO0O0O
neoglucobrassicin 000 8.58 umol/g dry wt.OO OO
0000 00 O30 Ooo.[oo IO GsL oo ooo
neoglucobrassicind FC 00000 25%, FT 00000
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Table 4. Glucosinolate contents (U mol/g dry wt.) of various light source treatment in Chinese cabbage (Experiment I

and II)
L Sun-lights with acrylic treatment
No. Trivial names
FC FT TR FB

1 Progoitrin 1.02+0.07ba) 1.16+0.04a 1.02+0.02b 0.98+0.04b
2 Glucoalyssin 0.22+0.00a 0.24+0.01a 0.17+0.01b 0.15+0.01b
3 Gluconapoleiferin 0.90+0.07b 1.21+0.05a 0.89+0.02b 0.93+0.08b
4 Gluconapin 0.20+0.02a 0.13+0.01b 0.18+0.02a 0.16+0.01ab
5 Glucobrassicanapin 0.70+0.01a 0.37+0.02¢ 0.57+0.01b 0.53+0.03b
6 Glucobrassicin 2.44+0.14b 3.74+0.10a 1.68+0.04c 1.89+0.08c
7 4-Methoxyglucobrassicin 2.67+0.15¢ 3.67+0.12a 3.31+0.10b 3.46+0.17ab
8 Gluconasturtiin 0.69+0.03a 0.67+0.03a 0.68+0.02a 0.60+0.02b
9 Neoglucobrassicin 2.93+0.21c 8.58+0.11a 2.88+0.06c 3.39+0.28b

Total 11.75+0.64bc 19.76+0.42a 11.39+0.18c 12.10+0.17b

o LED-light treatment
No. Trivial names
CcC CF CR CB CRB

1 Progoitrin 0.39+0.01a 0.17+0.01b NDb) 0.18+0.01b 0.25+0.02b
2 Glucoalyssin 0.14+0.01a 0.05+0.00b ND 0.05+0.00b 0.05+0.00b
3 Gluconapoleiferin 0.37+0.02a 0.19+0.01c 0.14+0.01c 0.26+0.01b 0.29+0.02b
4 Gluconapin 0.09+0.01b ND 0.33+0.06a ND 0.28+0.00b
5 Glucobrassicanapin 0.34+0.01a 0.10+0.02d 0.08+0.01d 0.13+0.01c 0.19+0.01b
6 Glucobrassicin 0.28+0.01c 0.22+0.00d 0.32+0.01b 0.41+0.02a 0.32+0.02b
7 4-Methoxyglucobrassicin 2.56+0.12a 1.74+0.03b 1.33+0.06¢ 1.82+0.04b 2.34+0.09a
8 Gluconasturtiin ND 0.14+0.02a 0.18+0.03a 0.16+0.00a 0.16+0.01a
9 Neoglucobrassicin 0.43+0.01c 0.31+0.01c 0.57+0.02b 0.75+0.08a 0.56+0.04b

Total 4.59+0.17a 2.88+0.03¢ 2.95+0.10c 3.76+0.08b 4.19+0.16a

¥ Within each column values follow by the same small letters are not significantly different at P<0.05, using Tukey’s
multiple-range test (17=4). Each means that FC, field control; FT, field transparency; FR, field red; FB, field blue. CC,
chamber control; CF, chamber fluorescent; CR, chamber red; CB, chamber blue; CRB, chamber red+blue.

b ND, not detected.

43%0 00 000, 4-methoxyglucobrassicind FR 00
00 FB 0OODOO 29%0 00 000.

[00 OO 0 GSL 000 CC 0004590 CRB O
00&.1900 000, CFO000(2.88 umol/g dry wt.)O
0O 00 0OO00(Table 4). Gluconapinl CR 0O00(0.33)0
CRB 000(0.2800 CC 000(0.09 umol/g dry wt.)O
0 0 350 0000,00 000 0000 isothiocyanate
0 0000 000 00 (Padilla et aZ, 2007). CRB 000
000 00 GSL 000 00000, O GSL 0019 u
mol/g dry wt.)O 00 00000 140 000, [00 1O
GSL 00 000 00 00000 4methoxyglucobrassicin
0 45~60%0 00 000, neoglucobrassicinfl 9~20%0
0 000 000.[00 10 GsL 000 FTrooooo o
0000 0000 000 00 0000 0000 O 00
0 00 0000 000 000 000 000 000 000
0, [00 OO0 0000 CRB OO0O00 OOO00 CR,
CBOOO0OO 00O GSL 000 00O0.00 000 0ooo
000 OO0 0D0O00000 000000 00 00 00
(00+00)00 000 000 000 LEDD 000 000
000000 0000000000000 000000

oo 000 o0 oo 0ooo0,00 oo oo 000 ooo
0O 000 OO0 0000 oo 000 ooo oood.
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