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Abstract

The aim of this study was to investigate the amount of glucosinolates (GSLs) in kale
sprouts (Brassica oleracea L. var. acephala) (‘TBC’) according to different concentrations
of sulfur ions in sprout’s nutrient solutions (0.0, 0.5, 1.0, and 2.0 mM) and to different
light sources [Fluorescent lamp, Red, Blue, and Mix (R+B) LED]. Kale sprouts were
cultivated in a growth chamber for 13 days in sulfur solutions. Kale sprouts were treated
with fluorescent lamp and LED light sources for 5 days, from eight days after sowing to
harvest. Amount of seven types of GSLs (progoitrin, sinigrin, 4-hydroxyglucobrassicin,
glucobrassicin, 4-methoxyglucobrassicin, gluconasturtiin, and neoglucobrassicin) were
measured in kale sprouts after harvest. The total GSL content was influenced by different
sulfur solution concentration, and it was the highest at S 0.5 mM (172.54 pmol-g”"' DW) and
the lowest at S 2.0 mM (163.09 pumol-g’ DW). The GSL content was influenced by
different light source, and it was the highest with Red LED (159.23 pmol-g”' DW) and the
lowest with Blue LED (147.57 pmol-g’ DW). As the sulfur solution concentration
increased under all light source, progoitrin and sinigrin contents tended to decrease while
glucobrassicin content showed an upward tendency for all of the light sources. The content
of glucobrassicin was higher than that of progitrin when treated with sulfur solutions for all
LED light sources. Sinigrin, which has excellent anti-cancer effects, showed the highest
rate (92.2%) among all the GSLs, under all of the light sources.

Keywords: brassica vegetable, fluorescent lamp, HPLC analysis, light-emitting diode, sinigrin

Introduction

7| & (Brassica oleracea var. acephala) 38 AH57F AiEA] o], v} 5= (Brassicaceae)©f

= FF(Brassica oleracea)®l| 7V 71712 A A2 A](Choi et al., 1995), 230 717F53E AL
T} 71 o)A Al-8-0 2 ARS-E] 31 Qlth(Rosa and Heaney, 1996). | <2 H|EHTI ot U, 4-
carotene, chlorophyll @ Z<, ¢1, ZHF S} 7r.o 7|2 9] gleFo] o} ojaoFstA o 2 7}2]7}

= TH(Choi etal., 1995). T3 E} & S A5IA7|H S HEA AT} e Tl

IS =
4~
= Oo—

27 U2 HES
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o] Qo] mF o2 F2 o] 8511 9l O H(Kang et al., 2005), ¢ EX=Z &
GSLs)E o e-f-512 QUth(Lee et al., 2012). GSLsSt 22 ¢ =4 &
FEE Al Wof o} EAftc(Jahangir et al., 2009).

GSLs+ viF2t A E52 dB2A Q1 22 YAMIEEA ARKB. juncea), WBNFH(B. oleracea var. capitata), 5
(Raphanus sativus), X FNS(B. oleracea var. gemmifera), 22 =er(B. oleracea var. botrytis), B 2-Z2](B.
oleracea var. italica), 7|4 50l &o] 0] /ST (Cartea et al., 2008), A4}t - Shfolal Sl dte-Eo|tt
GSLst 7|2 F-Zxof| 4 ZARE R7|of| what E5577F =W (Fahey et al., 2001), €F 2005 o)/ A4St R Eo] Q)
CH(Clarke, 2010). GSL A 332 amino acid7} AFARAHE HET, aldoxime=S A A oFHA] ARFEICE Aldoxime A3/ &
cysteine®]] SFFEO] = -SH7}F AR5 thiohydroxamic acid”} Ht} Thiohydroxamic acid®] S-glucosylation=
thiohydroximate glucosyltransferase (UDPG)©| 2] 3l Z1l| =] ] desulfo GSL7} A4 ¥ 1L, 0] 3'-phosphoadenosine-
5'-phosphosulphate (PAPS)2] sulfateS ©]-8-3f €415} vH-5-5 §H0 24 GSLsE d ?Fth(Halkier and Du, 1997;
Fahey et al., 2001; Hayes et al., 2007).

H(sulfury A 2] o =] 712] {71320 444 509, cysteine©]H methionine T} -2 3 o] 1 4to] -
R0 = T o] ghiE o] Qltt. == StgkE Wol 4] SH @H], S FH = S5 A o thAr g Fofl 4te},
2hof it radicalol] ok Al 23S 9FS & QITH(Kim et al., 2012). =2 A122] FHd7 a5 Zagh ¢
2
=

v
)

S FFA =Y °] E(Glucosinolates,

et aatslat A pele o 5

It

2
o
OO

ot} A Zo] A ot=t A%E A= SHARF Hg A4 5 shb=a o] 2R EH AlEAl= dol g A Hot
= Shlst dAAfo] dojital A4 diApt Pehelr] Fote] AJ-8-0] A Sl E th(Hirai et al., 2003; Maruyama-Nakashita
etal,, 2003). #ro] E= M5 5 sl 51, #iFF Al 9l GSL o] 571 4= LAz, Aflae] 9 ef
gHdo] STtk (Kestwal et al., 2011). 3t AlE4| Yol A 3 gfo] =245 GSL 52 o] ol =™ 3 g=f9)
30%712] GSLsoll 20| =11, o] AP = Ae/do] B3} =7 Koto] GSL o] Aatrtal H it
(Falk et al., 2007). Kestwal et al. (2011)-2 5 A& 4 Afel] A] 3 60 kg - ha' (1.01 mM)E H55}] GSLs7} TFAL
Wl Z71el T, B Ea) a4 Aol A F BA)(0.48 mM)RTH 60 ke ha' 2 BESIRE 2,59 Z7hect
T H7skA)

Light-emitting diode (LED)= &35, Wd5 U HEFESI 22 Ql5ddel vl 5go] 412
Akero] Aok, T3t thE Fof| H H 2] %
Oz AT 4 qlof 2HE Al Aol Bol o] &
A= A=0] Aefoha vk 7F2 H| e o] &, GSLs 22 O]X}EH/\V\}E—J AYAte]] vﬁ‘* °§ FEm
etal., 2008). A A(600 - 700 nm)-> FH ol A AEA47F G5k <1 660 nmefl 7H7HR] A= Ao B2 o]
o, S Qe Al S A ol A At R Tl Aol et Sk Qo] 7t welal £7171 2
(Matsuda et al., 2004; Massa et al., 2008). “d4(400 - 500 nm)-= 715 7H=], CO, w2t} Z7]41% 59
T8 A SHT(Schwartz and Zeiger, 1984). & Ajul] A] 2433 A g-5 Z9dshH oA 715
A G-g0] ST A% I (Goins et al., 1997), HE Auiad o = T 2 A3 2 o} 2 A3k} %
2ol o w2 339 §-&o] Yedthal B 1 QI th(Matsuda et al., 2004; Massa et al., 2008). Carvalho and Folta
(2014)001 41 AL AR A Al Al F GSL -2 T2 2141(730 nm) ol A 7P =7 YR IL(3.65 pmol - g DW),
k2 Z 2 27470, 660 nm) 2} ¢ 7S B 1(2.57 - 3.12 pmol - g DW)SFA F 15 - 42% T &7 Uelygthr B
SEE ol 2lRt AxbE Aol oo et d aa T HE A4tol A FFe plAE Ao E AAmE T (Yorio et al,
2001; Matsuda et al., 2004).

22 A AAE ol R AR ohja 754 A
Ao A= 2= e 891 F EXupge] wet A

lﬂ

I

O

922 Frfel At sk e 9477k 2
o] gt ol A AL el 3
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35, ZM LED, 4 LED, Z+%(7 : 3) £ LED] ¥ GSLs 2] A2 & 9l 55(0.0,0.5, 1.0, 2.0 mM) S
ZAsto] AL A4 W GSL T AT

Materials and Methods
Net

Acetonitrile (CH;CN)Z} methanol (CH;OH)< J.T. Baker Chemical Co. (New Jersey, USA)A|E-& AL-8-5l%iTt.
DEAE-Sephadex A-25+ GE Healthcare Bio-Sciences AB (Uppsala, Sweden)A|l 22 AF2-311, Sodium acetate

(NaC,H;0, - 3H,0)-2 Samchun Pure Chemical Co., Ltd. (Pyeongtaek, Korea) A &2 A8+t Sinigrin (2-propenyl
GSL), aryl sulfatase (type H-1, EC 3.1.6.1)= Sigma-Aldrich Chemical Co. (St Louis, MO, USA)A|&-& AH&-5Fct.

Al Aj%E 2HEH

A ZAHAY “TBC, oA OG- H Korea) 2 g (2827H)& A &Foto] om0l 6 AITE AFAIZTE ZE(7 x 7 x 12 em)
of| &5 STAIX 2HRE 7O AFAR FAE 1= wE5Hith ZEE AE877(growth chamber)©ll 2
1120149 39 6 4FH 199712] 1347F Afuliotiet. a7 13t 5 mbg- & 84Xt r 2 stell A Auliskict. &85t
LED *F[ 24 LED (640 nm), %48 LED (430 nm), 2+ &34 LED]> 1tg 84 F =8} ZA7HA] - 547t #2513
1, A+7 S LEDS] 23 HI-2 A - 3 = 7: 30|30tk A7 Ui 872 3350l 25 25C, B 45%,
B33 umol - m? - s 2 FASIA L, LEDOA 21 25°C, 55 70%, T 200 pmol - m™ - s 2 -F-A|5}L}, oH5 &
¥z} th2 3 9kl 2515(0.0, 0.5, 1.0, 2.0 mM)E 60 mLA A2|5t.0™, & FHL MeSO, - 7H,0 (Samchun Pure
Chemical Co., Ltd.)E ©]-85to] REESITE FUe & S 55 FAol7] Slof] w22 ATl s Zoll,
BFE oA 24P fIall AE2877] oFe] ZES ool §HA A AR R o FAIA 2

Glucosinolate £&

AEs s ARt 7R AAIE 3RS 2 481 § 54 X5t B3R F, 100 mgS Aote] 2.0
mL-Eppendorf tube®]] 21 F+ 70% methanol (70C)2 1.5 mL ¥ 0] 53 (vortex) SFATE F-24+2(70C)of]
A 5B7F Z(crude) GSLsS %5117, YUA1E2](12,000 rpm, 10 min, 4°C)gF Fof| AZRL A hof| £=71511, 5
At Y o & F 33| F=Eoto] 2 4SS Aottt

nly A3 5718 DEAE Sephadex A-25+ Z0] o] £H o 7o Yo thg 547} 7 o] W U7 0.5

il 2 mini-column®]] 2/d 2}l DEAE Sephadex
A-25°1] 1,000 uL pipet tip= 22 th-2 GSL 25252 pasteur pipet > 2 21 5ttt 21 A7 ZF3&50] th
AH 242 mLE 29 oto] Ao dolgles EwES AT 2247t o WA U7 paraffin film S 2
Ay ol FE-S =1 aryl sulfatase solution 75 pL2 22 & AH 9] FE-S paraffin film S 2 9F1 16A]7F 5<F
Areol A Akt 852 95 16417F Fof| 2.0 mL-Eppendorf tubeo] Z44(0.5 mL x 33])2 DS-GSLs
(desulfo-GSLs)E At} &A1 A& (DS-GSLs)= 0.45 um hydrophilic PTFE syringe filter (%17 13 mm)
2 of et &, HPLC§ vial g ol Eo] WA Bytsteict.

lo
i
L=}
lo
=

HPLC &4
DS-GSLs®] £4-2 1200 series HPLC system (Agilent Technologies, CA, USA)E AF&s5tich &4 AH2
Inertsil ODS-3 column (150 x 3.0 mm L.d., particle size 3 um), 7}= A H-2 Inertsil ODS-2 Cartridge Guard column E
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(10 x 2.0 mm Ld., particle size 5 um) (GL Science, Tokyo, Japan)& AF8-oFtt A& P2 227 nm, 28 2=
40°C, G2 0.4 mL - min' 2 A5} th Al =+ automatic injectorS AF8-5197 10.0 L FA ST o 54 88
< &1 A (257)2t 87 B (acetonitrile)E AHE-SHIT -8l BE 2827H = 0% A1 A 7] 2L TH27HA] 0%°11A]
10%, 16E2712] 10%14 31%2 Z7HA1 713 19871 = 31%E A Al 7107 21 2714] 31%014 0% 2 Az
S 27ETEA = 0%E FAAZTE ZF GSL A3E-2- 4000 QTrap LC-ESI-MS/MS system (Applied Biosystems Instrument)
S AH851eq, positive ion mode ([M+H])E 551, ] FHEE2Q sinigrin®] HPLC T3 A3} ZF 29
A& v]wste] g% s (umol - ¢! DW)SFSATE

M

SA 24
HPLC 4] A Y= Microsoft Office Excel 20102 ©]-8-6t0] Zt Ad--ofl th et oFo] W gkt HH-E(n=3)9] F<5
H2KSD, standard deviation) S It F24F(p)2 0.05 0|5t AA5FA L, AFFRALS Tukey AHHO R

AAstrt SAAE 2 13- IBM SPSS® 21 Statistics S AH&-51I k.

Results and Discussion
AL A2l 443
AL Aol Aol= M LED (5.05 cm)E Al L] Y 2] 330 A 3t 5.43 cmZ 2 o] & Ho| x| ¢IFom,

Table 1. Plant growth parameter (n = 3) of kale sprouts grown with different concentrations of sulfur solutions and
different light sources.

Treatments Height Fresh weight Dry weight Water content
Light sources Sulfur (mM) (cm) (8) (&) (%)

Fluorescent 0.0 5.41£0.13a" 9.31+0.48a 0.76 + 0.02a 91.8+0.17a
0.5 5.19+0.45a 8.39+0.85a 0.63 +0.16a 92.5+1.62a

1.0 5.63+0.28a 8.42+£0.83a 0.67+0.13a 92.0 £ 0.82a

2.0 5.37+0.18a 9.32+0.51a 0.78 £0.03a 91.6 £ 0.45a

Ave. 5.40+0.18 8.86 £0.76 0.71+0.11 92.0+0.87°

Red LED 0.0 5.33+0.21a 9.39 +0.10a 0.86 +0.02a 90.9 +£0.28a
0.5 5.52+0.24a 8.68 + 1.26a 0.81+0.10a 90.7 £ 0.45a

1.0 547+0.18a 9.14 + 0.98a 0.88+0.12a 90.4 £ 0.54a

2.0 5.59+0.32a 9.76 + 1.28a 0.94+0.11a 90.3+0.17a

Ave. 548 +£0.11 9.24 +0.97 0.87+0.10 90.6 + 0.40

Blue LED 0.0 5.06 £ 0.42a 8.63+0.11a 0.71 £ 0.01b 91.7 £ 0.20a
0.5 5.00 £ 0.56a 9.16 + 0.42a 0.79 £ 0.02a 91.4+0.26a

1.0 5.14+0.58a 8.32+£0.78a 0.75 £ 0.02ab 91.0 £ 0.79a

2.0 5.00+0.25a 8.94+0.14a 0.77 £ 0.04ab 91.4+0.58a

Ave. 5.05+0.07 8.76 £ 0.51 0.76 £ 0.04 91.4+0.52

Mix (R+B) LED 0.0 5.51 +0.36a 8.92+0.84a 0.93 £ 0.05a 89.5+0.51a
0.5 5.37+0.15a 7.77 £ 0.64a 0.80 £ 0.04b 89.7+0.41a

1.0 529+ 0.42a 9.00 + 0.52a 0.91 £0.03a 89.9+£0.52a

2.0 5.48 £ 0.40a 8.84+0.11a 0.95 +0.03a 89.2+£0.19a

Ave. 5.41+0.10 8.63 £0.73 0.90 +0.07 89.6 + 0.45

YAverage water contents (%) based on the S concentrations (rn = 12).
“Within each column, values followed by the same letters are not significantly different at p < 0.05, using Tukey’s multiple-range
test (n = 3).
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RIA T2 FF5olA 7 2.0 (9.32), 24 LEDIA 2.0 (9.76), 34 LEDNA & 0.5 (9.16), A+ Z344(7 : 3)

LED®TIA 2 1.0 mM (9.00 g)°] =3ttt & o smof g-of whg Al MEre] 2o, AAF Hole= 2 2ol B

o] 7] grolTt. R T2 F85(92.0)> M LED (91.4) > B LED (90.6) > 2+7% =348 LED (89.6%) <=2 &2

EUL, F Gl sEo] i HEh= B 90.9%= AA| o] U] §dTh AE0] A2 Yo sk, FE
ol ofsh -Fof2tel & WrEbiA] @4t th(Table 1).

GSL=2| ¥ 54
AL AREAR4AE W GSLsE HPLC 2 LC-MS/MSZE EA3%F At 7572 GSLs (progoitrin, sinigrin,

4-hydroxyglucobrassicin, glucobrassicin, 4-methoxy- glucobrassicin, gluconasturtiin, neoglucobrassicin)E +2| 4
54519 tH(Table 2, Fig. 1).

Table 2, Glucosinolates identified in kale sprouts grown with different concentrations of sulfur solutions and different

light sources.
No." RT* Trivial (semi-systematic) names [(ﬁjgy] R;;ftc():;zse
1 9.36 Progoitrin (4-methylsulfinybutyl GSL) 310 1.09
2 10.20 Sinigrin (2-propenyl GSL) 280 1.00
3 13.65 4-Hydroxyglucobrassicin (4-hydroxy-3-indolylmethyl GSL) 385 0.28
4 16.30 Glucobrassicin (3-indolymethyl GSL) 369 0.29
5 17.26 4-Methoxyglucobrassicin (4-methoxy-3-indolylmethyl GSL) 399 0.25
6 17.64 Gluconasturtiin (2-phenylethyl GSL) 344 0.95
7 19.46 Neoglucobrassicin (1-methoxy-3-indolymethyl GSL) 399 0.20

“No., the elution order of HPLC analysis (Fig. 1).

*RT, retention time (min).

¥As a desulfo-glucosinolate.

“The international organization for standardization (ISO 9167-1, 1992).

i b)

Intensity (mAU)

L b AGs b

e A e
5 10 15 .

Retention time (min)

1
i

Fig. 1. HPLC chromatograms of glucosinolates separated from kale sprouts treated with (a) S 2.0 mM + Fluorescent
lamp and (b) S 2.0 mM + Red LED + Blue LED Mix. Peak numbers refer to the GSLs listed in Table 2.
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Table 3. Glucosinolate contents (umol/g DW) in kale sprouts (7 = 3) treated with different concentrations of sulfur
solutions and different light sources (Fluorescent and Red LED).

N S Fluorescent Red LED
S (mM) 0.0 0.5 1.0 2.0 0.0 0.5 1.0 2.0

1 Progoitrin 32940492 324+003a 270+0%a 3.09+040a  380+059% 334+06la 3.02+066a 320+059%
2 Sinigrin 14294+323a 147.10+£744a 13521+20.16a 146.71+£9.63a  141.07+23.79a 146.10+5.15a 137.97+10.37a 135.25+6.56a
3 4-Hydroxyglucobrassicin 459+052a  520+£02la 462+028a  4.88+0.44a 326+1.12a  456+079% 452+1.04a 5.14+0.65a
4 Glucobrassicin 1.76+020c  252+0.13b  2.80+044ab 3.35+0.24a 278057  485+095b  555+135b  855+134a
5 4-Methoxyglucobrassicin 1.63+£0.11a 15940172  143+006a  1.63+0.05a 1.34+£038a 1.50+022a 12240192 1.69+032a
6  Gluconasturtiin 1.53+£071a  1.84+045a 193+046a 2.04+0.18a  247+037a 238+036a 204+019% 1.98+0.1la
7 Neoglucobrassicin 048+0.152a  0.74+027a  096+038  1.28+047a 1.66+024a  208+057a 228+120a 331+054a

Total 15621 +447a 16223+6.8% 149.65+2241a 16296+9.99 156.38+26.51a 16481 £634a 156.61 +14.57a 159.11+£553

“No., the elution order of HPLC analysis (Fig. 1).

Within each column, values followed by the same letters are not significantly different at p < 0.05, using Tukey’s multiple-range test
(n=23).

Table 4. Glucosinolate contents (umol/g DW) in kale sprouts (77 = 3) treated with different concentrations of sulfur
solutions and different light sources (Blue LED and Mix LED).

Blue LED Mix (R+B) LED
No.” Trivial name
S (mM) 0.0 0.5 1.0 2.0 0.0 0.5 1.0 2.0

1 Progoitrin 2.890+027a  224+037ab 201+0.10b 1.90+£03%  421+023a 3.60+0.16ab 3.31+0.76ab 2.67+0.62b
2 Sinigrin 143.10+6.66a 137.75+5.83a 13526+8.19a 12598+1547a 143.06+13.0la 147.24+862a 139.67+10.76a 126.98+15.78a
3 4-Hydroxyglucobrassicin 421+091a  431+£057a 412+08a  3.65+0.68 413+£020a  393+052a 3794045  342+0.3%
4 Glucobrassicin 135£0.16b  237+£046ab 224+048 380+£095a  3.67+t073b 6.61+1.13ab 592+050ab 876+2.88
5 4-Methoxyglucobrassicin 1.02+024a  1.32+£027a  117+013a  1.34+0.10a 1.79+03%  1.54+055 1.35+£012a 143+0.1la
6  Gluconasturtiin 127+034a  1.72+£035a 146+0.1l1a  1.60+0.08 1.78+0.19a  1.52+04la 1.70+£0.13a  1.56+0.16a
7 Neoglucobrassicin 030+£0.09  067£044a 039+007a 0.82+0.12a 234+025%  200+027a 226+043a 247+0.64a

Total 154.14+£5.84a 15039+7.29a 146.65+9.77a 139.09+1691a 160.99+12.93a 16644 +845a 158.00+ 12.64a 147.30+20.37a

“No., the elution order of HPLC analysis (Fig. 1).

Within each column, values followed by the same letters are not significantly different at p < 0.05, using Tukey’s multiple-range test
(n=3).

gt gl S=0f E GSL &

Kestwal et al. (2011)2 B2Z 2|0 &4 AufoA 3 F42]70.48) Tt 60 kg - ha'S HE3IH9-2 of
(1.01mM) GSLs7} 2.58 S7Fotar, T A4 AHl Al & 60 kg - ha' & HZ519-2 o) GSLs7}F thAl v 57}t
I B TSFE T, Falk et al. (2007)S A|Y A8 A S 5 =71 E7H0.125 — 2.0 mM) 4= & GSL $HFo] 6.738] =
7H0.59 — 3.97 pmol - g DW)3Hhal Balstgnt 2 Aol A & 4 FE710.5914 2.0 mME J7FFAS
o], & GSL @] 1.06H = F7Fo] u|u|skiet. LR R0k, A7) Ao Avbe A& A, & A= A a=
Fe4Rt o] B x A1 A Q1 Bl w7t o3 2 0 & AfmHrh ZF GSL A+ o Bl 91 progoitrin (2.72 - 3.55),
sinigrin (133.73 - 144.55), 4-hydroxyglucobrassicin (4.05 - 4.50), glucobrassicin (2.39 - 6.11), 4-methoxyglucobrassicin
(1.29 - 1.52), gluconasturtiin (1.76 - 1.87), neoglucobrassicin (1.19 - 1.97 umol - g DW).2.2 WEFFTH (Table 5). =
= B A FF Il 57t S5 progoitrind} sinigrin TS A4S L, TR A S F glucobrassicine &
E 3304 3 oFll w7} FUTeE gaFo] SUeh= A2 H S tH(Fig. 2, Table 5). Progoitrin 2] Haf4HE<1
goitrin> 8 @ E0] 545 oSk, /A S =224 EFA19] S AAlohs A dEdE 49 A QL

1! (Jahangir et al., 2009), glucobrassicin< &t & 77} ¥ ] indole-3-carbinol 2] A 2 A2l A QT Galletti et
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Fig. 2. Variations of progoitrin, glucobrassicin, sinigrin, and total glucosinolate (GSL) contents influenced by different
concentrations of sulfur solution treatments in kale sprouts. S solutions (mean, 7 = 12) represent the average of total
GSL contents with all light source treatments. These data were recalculated from Table 5.

Table 5. Average of glucosinolate contents (umol/g DW) in kale sprouts.

S solutions* (mM) (mean, n = 12) Light sources” (mean, n = 12)

No. rivial name $0.0 $0.5 S 1.0 $2.0  Fluorescent RedLED Blue LED Mi"LI(EP:)+B)

1 Progoitrin 355+063a 311+062ab 276+077b  2.72+0.6% 3.08+054ab 334+06la 226+048 345+0.72a
2 Sinigrin 142.54+12.02a 144.55+7.18a 137.03+11.43a 133.73+13.74a 142.99+11.29a 140.10+ 12.36a 135.52+10.58a 139.24+13.16a

3 4-Hydroxyglucobrassicin ~ 4.05+0.83a  4.50+068a 427+0.70a  427+091la 482+042a  437+1.06ab 4.07+0.70ab 3.82+04a

4 Glucobrassicin 239+£1.03b 409+195%b 413+1.8ab 6.11+3.02a 260+064b  543+236ab 244+1.04b 624+234a
5 4-Methoxyglucobrassicin =~ 1.45+03%  149+030a 129+0.16a 1.52+02la 1.57£0.13a  144+031ab 121£022b  1.53+0.34ab

6  Gluconasturtiin 1.76+060a  1.87+047a 178+032a 1.79+025a  1.83+046ab 222+033a 1.51+028b 1.64+024b

7 Neoglucobrassicin 1.19+£0.8%  1.37+0.78a 147+1.03a 197+1.11a 086+£042b  233+0.8% 054+030b 227+04la
Total 15693+ 13.22a 160.97+9.04a 152.73+14.16a 152.12+15.78a 157.76+12.37a 159.23+13.85a 147.57+1091a 158.18+14.17a

*No., the elution order of HPLC analysis (Fig. 1).

*S solutions (mean, n = 12) represent the average of sum GSL contents with all light source treatments.

“Light sources (mean, n = 12) represent the average of sum GSL contents with all S solutions treatments.

Within each column, values followed by the same letters are not significantly different at p < 0.05, using Tukey’s multiple-range test
(n=3).

al., 2006). Kestwal et al. (2011)- glucobrassicin ¢Feo] B2-22], oFull 5, F-o] A4 A8l A] 860 kg - ha! 2] A]
T 2] of| H] 3] 1.48, 17.86, 4.588 S7Ftrtal Ha15}ICE. Schonhof et al. (2007)2 B.2Z 2] Al A FE3H &F
O] A4(4.0 g-pot ot B2 ¥ FE& FH(1.0 g-pot)ske] AHNTt AZ A glucobrassicin®] R indolyl
GSLs7} =2 55(0.079 g- kg' FM)E HAE Tt B 11519 0w, o] AFo] FEslA] 23t S§ 3302 g-
pot!) HRS AIBHT} indolyl GSLs =7} 70%04 =7 Upehdtiy Bustacy. ey B Ao
glucobrassicin B TS 3} oFl Aul] A] 715 %521 S 1.0 mM E T} S 0.5 mMo| IS4 1.098], 24 LED

of| A 1.058H, 84 LEDIA] 1.034H, 2+7 ZtA LEDOIIA 1.058] =A] Ueht o™, B4 0 = 1.068] &= Let
L obekoll & W37} Lt A] 24 SkTH(Table 5).

SIS U LED B0 M2 GSL &

o
Fof o= GSL

DOll

=¥ |91 147.57 (334 LED) - 159.23 (34 LED) ©]%)Y, ZF GSL &3

ok
off
o
i
rr
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Fig. 3. Variations of progoitrin, glucobrassicin, sinigrin, and total glucosinolate (GSL) contents by different concentrations
of sulfur solution treatments in kale sprouts. Light sources (mean, 7= 12) represent the average of total GSL contents
with all S solutions treatments. These data were recalculated from Table 5.

progoitrin (2.26 - 3.45), sinigrin (135.52 - 142.99), 4-hydroxyglucobrassicin (3.82 - 4.82), glucobrassicin (2.44 - 6.24),
4-methoxyglucobrassicin (1.21 - 1.57), gluconasturtiin (1.51 - 2.22), neoglucobrassicin (0.54 - 2.33 pmol - g”' DW).2.
= e TH(Table 5). Carvalho and Folta (2014)= 7|2 A12F A el A 2= 33 A 2] (A, 2] 2], 24, %4
LED)OIl A & GSL &2 AR A}, A oA 7 &7 Ueal(3.65), thE 3 Aot 4272 o]

1(2.57-3.12 pmol - ' DW)SHH €F 15 - 42% T =] YEP T BIISHSI T Lee et al. (2014a)0l1 4] 2] 557
of w2 <A1 2 v} 3= ] F GSL -2 ZAFSH 27 red + white (RW), red + blue + white (RBW), fluorescent lamp
(FL) & RW2] & GSL &%) 7 Wal(26.51), RBWOll A Afuliet vlj 5= Wi GSL 9ol 71 %= T417(28.98 pmol -

g' DW) Bastoleh. e 2 Adlof A= A LEDOA] Auieh A1Y MaAf4e] & GSL &o] 7P Wil
(147.57), A2 LED2] & GSL o] 7F4 =7 Yebgth(159.23 pmol - g DW). @354 ZF GSL A5 H4
SR sinigrin (142.99) > 4-hydroxyglucobrassicin (4.82) > progoitrin (3.08) > glucobrassicin (2.60 umol - g DW),
ZA QA A+ T LEDOY A= sinigrin (140.10, 135.52, 139.24) > 4-hydroxyglucobrassicin (4.37, 4.07, 3.82) >
glucobrassicin (5.43, 2.44, 6.24) > progoitrin (3.34, 2.26, 3.45 pmol - g! DW)=© 2 =ttKTable 5, Fig. 3).
Carvalho and Folta (2014)°1| 4] 7|2 AH&-2] 4 W indolyl GSLs $tego] 22 9] 4, 24, g4 Hlof| A ]335t S
UERA ©1(0.15, 0.17, 0.13), B4 1.2 OF 400, A(0.09 pmol - ¢! DW) FHE0] Xtk B 176} t}. Indolyl GSLs
% glucobrassicine 3271(0.18)°l 4 Eth ¥ 4(0.06 pmol - g DW)l| A 67% A e -2 215 4= Q1.
2 Ao M= BE S G Foll A glucobrassicin®] RFd2 214 21+ S A LEDO A &1, 93-57F 44
LEDOA] 22 ZekS H 3t} Carvalho and Folta (2014)°] A2 o] ofstd A A4S A of
aliphatic GSLs % glucoraphanin-2 2] 9] 41-& | @J3F B-= F 7o) A H]=3h oFd el o™, ot & 713} vl s}
A2 o oF 50%7F S7HACt B E Qi E Ao A= aliphatic GSLs % glucoraphanin®] £2] 2 54 =] %] ¢
QY A9t aliphatic GSLs 2 -5 == progoitrin®} sinigrin®] &3 H|-8-2 H]| W53t} & GSL $5F 3+ progoitrin H]-&
= A LEDOIA 718 WA Lebst i, 35 24, A, 2+7 =44 LEDOA & GSL oF 5 718 =2 H]
23 Febd AR sinigrin® 2 & GSL &% % 93.5, 90.5, 94.4, 90.2%S A} | 51Tt Sinigrin (2-prophenyl GSL)
2 ROJ allyl”7]| ¢! glucosinolate 2 4] ~1 74| += homomethionine©] TH Agerbirk and Olsen, 2012). Sinigrin ] &-5[}4F
=<l allyl isothiocyanate= F| |4 ZH A HE 28 AaA 7= Ao = A A 1AL, Q7oA T &4 A et
2, H A 22 o Al v e Ao A A Qlek T AR ot S ARgA Zo] AlEroof ko
shH, A5, X, o8 B nAE9] 442 AAIsk= 277t 21th(Zhang and Talalay, 1994; Velasco et al.,
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2007; Cartea et al., 2008). Lee et al. (2014b)ol|A] AL AR A} FU Fo] 5 A= 133 DAS (days after
sowing)°ll A sinigrin 0] & GSL &% % Bt 56.0%= LERGTh Wb R 471 59 Zo] AL 4 Rt
& GSL H{H] sinigrin ?F%0] ol a7t &A= Alm )

2 Aol A FU2 F GSL oFoll Fd= PR A e sinigrin eFgoll e G n|AA] 2 A 0= e
TH(Table 6). Glucobrassicing FF5o| 4 20.52} 1.0 A 2|5t 8 &N =5 Afo]of|A] AGFA] o] Lreltal, 240
LED®{A] £ 0.0} 2.0, 0.52} 2.0, 1.02%} 2.0 mM Atelof| 4] gk d o] vrebyttt. 244 LEDO 4] progoitrin % 0.0}

:d

Table 6. Statistical significance analysis of light sources and sulfur solutions and influences on progoitrin, sinigrin,
glucobrassicin and total GSL contents in kale sprouts.

Individual GSLs

Light source Treatment
Progoitrin Sinigrin Glucobrassicin Total GSLs
Fluorescent S0.0 x 0.5 NS¥ NS * NS
(n=3) S0.0 x 1.0 NS NS * NS
S0.0 x 2.0 NS NS * NS
S0.5 x 1.0 NS NS NS NS
S0.5 x 2.0 NS NS * NS
S$1.0 x 2.0 NS NS * NS
Red LED S0.0 x 0.5 NS NS NS NS
n=3) S0.0 x 1.0 NS NS NS NS
S0.0 x 2.0 NS NS * NS
S0.5 x 1.0 NS NS NS NS
S0.5 x 2.0 NS NS * NS
S1.0 x 2.0 NS NS * NS
Blue LED S0.0 x 0.5 NS NS NS NS
n=3) S0.0 x 1.0 * NS NS NS
S0.0 x 2.0 * NS * NS
S0.5 x 1.0 NS NS NS NS
S0.5 x 2.0 NS NS NS NS
S1.0 x 2.0 NS NS * NS
Mix (R+B) LED S0.0 x 0.5 NS NS NS NS
(n=3) S0.0 x 1.0 NS NS NS NS
S0.0 x 2.0 * NS * NS
S0.5 x 1.0 NS NS NS NS
S0.5 x 2.0 NS NS NS NS
S1.0 x 2.0 NS NS NS NS
Mean” S0.0 x 0.5 NS NS NS NS
n=12) S0.0 x 1.0 * NS NS NS
S0.0 x 2.0 * NS * NS
S0.5 x 1.0 NS NS NS NS
S0.5 x 2.0 NS NS NS NS
S1.0 x 2.0 NS NS NS NS
Mean (n = 48) Light x Sulfur NS NS NS NS

NS, not significant.
“Mean, sum of GSL content in same sulfur treatment under all light sources. These were copied static data from Table 3 and 4.
*The data were analyzed using ANOVA with the means of three replicates (p < 0.05).
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1.0,0.07}2.0 Ato] ol A A& g o] YEFF AL, glucobrassicine & 0.0} 2.0, 1.03} 2.0 mM Atolof| A ko] Lrebst
o}, 2+ &3 LEDOA] progoitrin, glucobrassicine % 0.07}F 3 2.0 mM Ato] ol 4] 74k o] Lretyutth. & o
5= 5 GSL &% sinigrin &l 32 12| 2] 3k}, Progoitrin % 0.03} 1.0, 0.07} 2.0 AFo] o]l 4] 73
FAo] YEFE L, glucobrassicine & 0.02} 3 2.0 mM Alo]of| A kA o] Lrebdtt. whaha] 2t s3-of| A & oFol
5 7t progoitrin, glucobrassicine AHTAZE Aglom, Fat F FH =0 FAE progoitrin, sinigrin,
glucobrassicin, total GSLsO|A] B4 7-2]4d o] YrefLtA] ekgk
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