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Variations of glucosinolates in kale leaves (Brassica oleracea var. acephala)
treated with drought-stress in autumn and spring seasons
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Abstract : The present study aimed to investigate the effects of drought stress on the accumulation of glucosinolates
(GSLs) in the leaves of Kale cultivated in autumn and spring. HPLC analysis guided to identify seven GSLs including
progoitrin, glucoraphanin, sinigrin, gluconapin, glucobrassicin, 4-methoxyglucobrassicin and neoglucobrasscin. Quantification
of GSLs revealed that the contents of sigirin was the highest (45%) followed by the level of progoitrin (24%) in terms
of total GSLs. The ranges of total GSL contents was 1.16 (84)-15.88 (89 DAS, umol/g dry wt. (DW)) in treatment plot
and 1.23 (84)-7.05 (74 DAS, umol/g dry wt.) in control plot showed the enhancement in the contents of GSLs in treatment
than in the control plot. The present results evidenced that the variation of total GSL contents were depending on the
harvest period. In 105 DAS, comparatively no differences in the GSL contents on each sample in autumn season, whereas
in spring season, although there was decrease in the GSLs tendency from 74 DAS to 84 DAS in both control and treatment
plot, the GSL contents of treatment plot was dramatically increased in 89 DAS. In treatment plot, the GSL contents
on 89 DAS (1.16) was 15 fold higher to 84 DAS (15.88 pumol/g DW). The variation in the contents of GSL in spring
and autumn did not documented significant differences because of their differences in the growth time and cultivation
conditions. In conclusion, the GSL contents in kale was likely to be affected by drought stress treatment. Scrutiny and
further research for exact relation between drought stress and GSL contents in kale should be needed.

Key words : Kale, Brassica crops, Glucosinolates, Drought-stress, HPLC analysis
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129 G-D—glucopyranoses Zral 9l o T742] 7}A]
240) ofslieto Zael el 5e 2 8710] oieh 2
A=t Fahey et al,, 2001; Halkier and Gershenzon,
2006). GSLs®] A4A+= L—amino acid® & 1o,
GSLsE AtAel ofu]=Ak(methionine,
phenylalanine)o]] @a} Z+Z}k aliphatic, indolyl, aromatic
GSLsZ FEE A TtHSun et al., 2011), A9 FZl o]
A o], GSLs= A1EA Yol 91+ myrosinased] 714>
Haflof| 9J5}¢] isothiocyanate, thiocyanate ¥ nitrileS
AASIaL, T Fof|A] isothiocyanatest & Fa= QA0
clofFst &AL 3k UEl Wt (Halkier and Gershenzon,
2006; Van Etten et al., 1969). Glucosinolates+= glucuronyl

tryptophan,

transferase, glutathione—S—transferase &

detoxification T4 2] S G ETFo 24 aJof 7]5L
W& A 71t Holst and Williamson, 2004; Keum et al_,
2004). GSL9] =9l glucobrassicin (indolymethyl
glucosinolate)2] Ap7HE}AFEC]  indole—3—acetonitrile
(IAN), 3,3—diinolylmethane, indole—3—cabinol (I3C)-& A
FFolA skl o2 MhAE= S Asfskal, indole
T e AEoA FUEE Y A 7 7hE g A
Ao,  monooxygenase®] 7Hg F FEAE=
indole—3—cabinol (I3C)Z}x1 &EA QT Wattenberg,
1977), W A4S E5o ue BaEo] Qi o
GSLsS] £2, e 9 o}59] F14ts) B 2] the
A Jehdt} o]5 BaARE Zof| A isothiocyanates= F
2 FEstas @Ae $7A1713L, A% AN apoptosis)
9 A2 o) 712 Folo] G ohe Ao o
HA Qlth(Hwang et al., 2012), 7k, 919, #H& S
SR o2} 7ot ok, AARgal ZHS AAHFo] HE
Sof TofstcH(Zhang and Talalay, 1994, Zhang and
Talalay, 1996).
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1. Ajo}

HPLC—grade acetonitrile (CHsCN)Z} methanol (CHs;OH)
2 J.T Baker Chemical Co., (New Jersey, USA) A2 A}
83519t DEAE—Sephadex A—25%= GE Healthcare Bio—
Sciences AB (Uppsala, Sweden) A2 ARSI, Sodium
acetate (NaCyHs05'3H;0)-2 Samchun Pure Chemical Co,,
Ltd, (Pyeongtaek, Korea)Zhe AFE3IIC): Sinigrin (2—propenyl
GSL), aryl sulfatase (type H-1, EC 3,16, 1)3 Sigma—Aldrich
Chemical Co, (St Louis, MO, USA) A3 ARE35FSIT)

2. N=

PHe 4RO AL FAHe AL TRCR opAlolER
(Asia seed Co., Ltd, Seoul, Korea)o| Al %5}t 2013
4 89 2990 SyUtstn = E et Sa) @Al
o3kt 252 Edo](tray)o Hol& HE-3o|(

B, AT AL F 2L AN, AY A4S A
the thA] AR A RolRale), i S el

Ak flaf =oll A4l AEA 2 o *‘—;T &7}, 22
DAS (days after sowmg)Oﬂ AR } HE Sk
oa A& TREES] o]4sIGiet 1 & “1 Sl Eet
HIEE 7} 2gX] B Sof FH|sIith(13d 104 259, 11
2109) gl B2 24 2E o 2 7HAS 2 400 mLA
= 10542 432 20139
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2 2995 129 5274%] 99, 101, 103, 105 DAS, 2%
UHOE S0, 49 AR i Befstel 10T
& AL WEI1(SFDSF 12, Samwon Freezing Engineering
Co., Busan, Korea)o] Risle] &Aooz FHAAZSH
o ulxjo} ulxAPbE Hukslolc)

(& Ao AlY $A= A TBC'E oFA|o}EH (Asia
seed Co., Ltd, Seoul, Korea)o|A] F+¢3}4aL 20149 2
4 200 7R o] migsiint, g 5 3490l 4
g7t $2 2E ZPhdo] & AL SHEE ofA5H3
ot = o] 4] ool R AE A Afo] Akt 24
o] Fo| opy}aL FEtE]o] 41 DASO] HefolE 1 F =1
2 312 1 24 FHEL 1 ook 50 DA
SRS 715 ¢4 Fulsleich 1elm Ae] Aol
2] 55 DAS®]| MH|E 1008 3] A5k} 7} 400 mLA F=H]
stlom &2 7t 2E o 3 MR 400 mIA e
2 Foh A7k & 89U E 20144 49 29U
59 19U71A] 69, 74, 79, 84, 89 DAS, 5 7tAo 2 43}
sttt 4reket Al ZHe AT YT O 52
Az Fol sijel B et

3. Glucosinolate ==

N

4 AxH 2Yst] AR 100 mge AEF 2.0 mL-

ofr
-

—&
A, Fg24=2(70°C oﬂxi 55-7& =
= Eot ok 3027} Auhal A% =
%@‘—Eﬁa](lz 000 rpm, 10 min, 4°C) o A}5o-2

Z

1, YA = st g o 2 & 33 &350 7+

ol

ox > 2

off X L
_Orl_',

-8 DEAE Sephadex A—25 (30 g)= %4
Bololrol Y& thg 27t AS) BA]
™ 0.5 M sodium acetate (68 g/L)E do] H ez A
3 AlFHeH EAHOR 1,000 uL pipet tip €5 9
mini—column®]] A7]2] 24315 DEAE Sephadex A—25
(¢} 50 mg dry weight, DW)& ¥ ¥ GSLs 233 &
(crude extract)S pasteur pipette 22 ZH3FFTH ZH
A2 25280 o ShAE 274 2 mL g 250l 2
S AjAslar, A & paraffin film© 2 column o} F&

< 937 aryl sulfatase solution (115 mg/5 mL) 75 uL<

YO T column ¢ HE-S paraffin film O 2 Tro}A 16A]
b Fe A-ACE) oA BASAT Aryl sulfatase
solutionS Y& ] £+H o2 23l Hol 1] =
ZojslofoRlt, 16A1710] Al F 2440, mlL X 33)
2 2.0 mL-Eppendorf tubed]] DS-GSLsES &ZA| 7T},
L2471 A& (DS—GSLs)+= 0.45 um hydrophilic PTFE
syringe filter(Z7 18 mm)= ZESt & HPLCE viald
of ¥o WA Ris}HtHmodified from Kim et al,,
2007),

=2

4. HPLC B4

DS—GSLs9] 242 1200 series HPLC system (Agilent
Technologies, CA, USA)S ARSI, B4 Z=HL2 Inertsil
ODS-3 column (150 x 3.0 mm I.d,, particle size 3 um)
£ ARSI o e 0 2= Inertsil ODS—2 Cartridge
Guard column E (10 x 2.0 mm I.d., particle size 5 um)
(GL Science, Tokyo, Japan)S AME3}4TE 48 2=
40°C, A= T2 227 nm, 592 0.4 mL/minZ 45}
A}t AlE*= automatic injectorE ARESHY] 10.0 uL 3
Jataict. &l A(ZEs4)et 84l B (acetonitrile) 5 ©]%&
4 BHoR ARgSiT & BE TR/l 0 — 1022
S7HNZ1AL, 162714 = 10 = 31%5 S7HAI7]aL 19874
31%2 QAA|FITE 20747 31— 0% 7H, 2757 0%
2 fAN7,

7k GSL A& 9R-EE22] sinigrin (0.5 mg/ 5
mL, DS—sinigrin(ZA}5F 279)9] HPLC I Zul&E 134 9]
2= A2 (area) o} 2} 429 2] WAS Blaskal 11 gro|
response factor (ISO 9167—1, 1992; Clarke, 2010)5 &
o] AeFeH(umol/g DW)SHITE.

5. 3A2A

Z¥z7Fo] A|BL= HPLCE &
Office Excel 2010 o3} 2
2} BHE(n=3)9] ¥EFHAH(SD, standard deviation)E
T Eﬁ]x{&] iile‘ﬁ% IBM SPSS 21 Statistics
S ARESITE §ol8E(PL 0,05 ol5tR AAEHA,
AFHAE Tukey WH02 AHeloct
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[71&A18]19] 105 DASOA] A 9] 7t2 7o) 10,26
cm, AEZ0] 14,30 cm] AL 3lgith U] = Hat
16 17<l—o]1:q Z—hﬂx% (=4 ;ﬂol‘/l 014 _'_oﬂ 11_1:_ %ﬂ'ﬂ‘
ez ekteh, 27149l w2 gL el 3

3} =]7] A2kt 65 DASQ} 81 DASH| EFH|E(N
12-10-9%) & 23] Z=u]5}%},

[ A3 88 DASOllA Ad o] 7t2¥ 4ol
7.52 cm, NJ2BFZ0] 9.75 cm?] AL dtglon =3
EEO] o]Ag 5 EFO] & mhyo] U5 FA] o} ‘A
Eg *‘04011 Z3hgt 2719] Eofo] ohetal wtsto]
Hefo|E & 5(1: 29 Huju)E Sget LER upQlTy,
F7HARI B R FH O R St (F2%) 0] I3t H7] Alket
80 DAS9} 86 DAST] E3HH] & (N-P-K, 12-10-9%)E 3
IR, 3o Whe] ¥]] oo} 7k 0 2 oH|(N-P-K,
10-1-5 mM)E F9it}

2. GSL 23] 9 54

GSL 54 9 gere ABSAN AR 4as Bust
o] 73#9] GSLs (progoitrin, glucoraphanin, sinigrin,
gluconapin, glucobrassicin, methoxyglucobrassicin,

neoglucobrasscin) = &3] U T4 tH(Table 1), HPLC
£ 55to] AY 'TBC'Y GSLsE %id A3KFig. 1), A

GSLs 815 29| sinigrin®] §5F0] 45%=2 714 B2 ok
AR5 0 1 th2 9 & progoitrinEo] 24% = =H
Uit

£29] GSLs% aliphatic GSLs+ pogotrin, gucora—
phanin, snigrin, gluconapin® & 47}4], indolic GSLs+
glucobrassicin, 4—methoxyglucobrassicin, neoglucobrasscind

o2 7M.

3. 2RAEA M| BE SZIARAOIE U
[7}& A9]2 GSLs% sinigrin g5Fo| 714 W2 H|3

o A 5hAT} 2B SRS 99-105 DASECH oF 87%01]/\1
849714 A&H o7 7hash= S HYTKTable 2). &
GSL gF W= A2]l7H+) oA 3.48 (105 DAS)—15.10 (101
DAS)©|%1a1 v A2 F-(-) o A= 10.57 (105 DAS)—12.05
(99 DAS) umol/g dry wt, &= HEJH+)ollA G2 Ha}
£ H3lch %3 101 DAS 2} 103 DASO|| A= HIA 2+H(-)
o] GSL Beto] o §9LOL} 105 DASIA] Rel(+)7 v]
A7)k GSL To] e e AL AL B 4
IEHTable ). o] u A|elo] v]H2 )9 GSL Feke
3 36 umol/g dry wt, 0|3 2] T(+) 2] GSL FFERe- 10,44
mol/g dry wt, 2 712 B2 GSL 7% Aol 7} 2eleir)
(Table 3). Aliphatic GSL &2 A 2]FE(+)o)| 4] 99 DAS
(10.56)2} 105 DAS (9.96)Atololl A ¥3E7F 411, Bl ]

)0 A] 103 DAS (11,98)} 105 DAS (3,27 umol/g dry
wt ARl oA FASHA ZAskeiTh, BHoY indolyl GSL
2 Aejat(+) oA 99 DAS (1.4)2} 105 DAS (0,48 1

Table 1. Identification of glucosinolates in kale leaves treated with drought-stress.

No.1 RT Trivial names [M+H]" (m/z) Response factor”
Aliphatic
1 9.40 Progoitrin 310 1.09
2 9.95 Glucoraphanin 358 1.07
3 10.29 Sinigrin 280 1.00
4 12.85 Gluconapin 294 1.11
Indolic
5 16.35 Glucobrassicin 369 0.29
6 17.31 4-Methoxyglucobrassicin 399 0.25
7 19.51 Neoglucobrasscin 399 0.20

l)No., the elution order of HPLC analysis.

“The international Organization for Standardization (ISO 9167-1, 1992).
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Fig. 2. HPLC chromatograms of glucosinolates separated from kale leaves. a) treated with drought-stress at 101 DAS in the 2013
Autumn Experiment; b) treated with drought-stress at 89 DAS in the 2014 Spring Experiment.

Table 2. Plant growth of kale leaves untreated (-) or treated (+) with drought-stress

Seasons Harvest (DAS) Drought-stress Fresh weight (g) Dry weight (g) Water content (%)
Autumn 99 “) 80.00+13.04 10.60+1.21 86.61+1.87
(n=2) 101 -) 97.95+4.03 13.35+0.35 86.37+0.20
) 80.15+6.58 11.60+0.71 85.51+0.31
103 -) 77.75+1.20 9.90+0.2671 87.26+1.11
) 75.3545.02 9.95+0.35 86.75+1.35
105 -) 88.10+16.97 13.55+2.05 84.56+0.65
) 66.55+10.25 10.90+1.14 83.59+0.40
Spring 66 “) 5.75+£0.77 0.63+0.07 89.03+0.31
(n=3) - ) 6.21£1.03 1.04+0.12 83.19+1.57
) 4.02+0.74 0.75+0.18 81.41+1.40
7 “) 3.83+0.97 0.85+0.26 77.92+1.33
) 5.64+0.78 1.00+0.21 82.46+1.63
” “) 4.08+0.19 0.98+0.06 76.06+0.29
- 1.57+0.41 0.80+0.14 48.18+3.95
. -) 21.40+1.07 5.16+0.13 75.87+0.69
) 2.72+0.44 2.63+0.41 3.24+0.36
mol/g dry wt.)AolollA skt v 2|3t (-)of A= [ AR 7T} v HA & sinigrin $Fo] 7}
99 DAS (14)9} 105 DAS (0.1 wmol/g dry wi)AOIOIH % B2 MI%:S AABIGIcE, 2 4t S 69-89 DAS
43131 ch(Fig. 2). 3F oF 89%f|A] 3%7HA] A &AO= adhe e B
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Table 3. Variations of glucosinolate contents (umol/g dry wt.) at different harvest dates (days after sowing, DAS) in kale leaves
(-) untreated or (+) treated with drought-stress in autumn and spring seasons.

Seasons No  RetTime Trivial name 99 DAS 101 DAS 103 DAS 105 DAS
©) () ® ®) ® () ®
Autumn 1 9.02 Progoitrin 2.95+1.04ab 4.60+£1.06a 3.22+0.83ab 3.97+1.03ab 3.04+0.23ab 1.11£0.40b 2.81+0.84ab
n=2) 2 9.95 Glucoraphanin ~ 0.25£0.01a  0.32+0.06a  0.34+0.03a  0.33£0.00a 0.32+0.0la 0.16+0.22a  0.35+0.03a
3 10.10 Sinigrin 517£2.14a  631+1.28a 4.46+235a 4.94+0.12a 4.62£0.35a 1.30+0.22a 4.67+3.45a
4 12.54 Gluconapin 2.1940.70a 2.84+0.01a 2.30+0.81a 2.74+0.65a 2.23+0.10a 0.70£0.13a 2.13+0.95a
5 16.16 Glucobrassicin ~ 0.87+0.21a  0.52+0.37a  0.61£0.52a  0.52+0.10a 0.38+0.04a 0.05+0.0la 0.22+0.14a
6 17.20 gli-ct/[;rt:;)zm 0.39+0.16a  0.22+0.12a  0.34+0.17a  0.20+0.01a  0.18+0.02a  0.03£0.00a 0.20+0.21a
7 1939 Neoglucobrasscin  0.14+0.06a  0.19+0.18a  0.13£0.09a 0.15+0.08a 0.12+0.07a  0.02+0.02a  0.06+0.03a
Total 12.05+4.16a 15.10+3.05a 11.50+4.93a 12.94+1.75a 10.96+£0.09a 3.48+0.98a 10.57+5.64a
No RetTime Trivial name 69 DAS 74 DAS 79 DAS 84 DAS 89 DAS
©) () ® ®) ® () ® () ®
Spring 1 9.02 Progoitrin 0.16+0.12b  1.1740.60ab 1274#0.37ab 0.51+0.35b  0.61+025b  036£0.10b  031+0.11b  0.60+0.10b  3.314+2.57a
n=3) 2 9.95 Glucoraphanin ND 0.0940.082b  0.18+0.06a ND ND ND ND ND ND
3 10.10 Sinigrin 0.75+0.02d  3.35£1.3%c 4.07+0.83b  1.04+0.59cd 1.46+0.53cd 0.630.18d  0.5440.28d  1.20+0.15cd  8.12+1.86a
4 12.54 Gluconapin 0.16+0.05c  0.86+035ab 0.94+0.34a  0.27+0.20abc 0.43+0.14abc 0.18+0.03c  0.10£0.02c  0.27+0.06abc 0.79+0.50abc
5 16.16 Glucobrassicin -~ 0.31£0.06b  1.33#0.80b  1.06+0.61b  0.12+0.08b  0.28+0.23b  0.05£0.01b  0.180.10b  0.11+0.04b  2.99+0.88a
6 17.20 gli-ct/[;rt:;)zm 0.1140.02ab  0.13+0.05a  0.10+0.05abc 0.05+0.03abc 0.06+0.05abc 0.02£0.02bc  0.030.01bc  0.01+0.02c  0.08+0.01abc
7 1939  Neoglucobrasscin ~ 0.02+0.02b  0.12+0.06b  0.12+0.06b  0.02£0.02b  0.03+0.03b  0.01+0.02b ND 0.02+0.00b  0.59+0.14a
Total 1.50+0.28d  7.05t£3.28bc  7.73+2.20b  2.00£1.22d 2.87+0.40bed 1.25+0.24d  1.16£0.47d  2.21+0.21cd  15.88+3.04a
ND: not detected.
9.2 (Table 2) F GSL Fg H9l= Al (+)ollA 1.16 TEEEH A AEH+) 9] GSL 3ol [7 = A ]oA

(84 DAS)-15.88 (89 DAS)©| L,

H| A 2] ol A= 1,25

(84 DAS)—7.05 (74 DAS) pmol/g dry wt, 0.2 H2|7L(+)
7} At (-)of Hlste] GSL §ego] 2 S HIltt

(Table 3), Aliphatic GSL &+

e AT+ oA 74 DAS

(6.46)°14 F715HATk7t 84 DAS (0.95)714] sk

v} upxjgp

. 89 DAS (11.22)0)4] 243 2715t} u|A]

25(-) Al 74 DAS (5.47)°l|4 F7F8F3IEE ) 84 DAS
(L17)7FA] 22281313l 89 DAS (2,07)0 A mIA|sHA Z7}

519t} Indolyl GSL Shke
89 DAS (3.66)014 22A3] =75ttt
. 89 DAS (0,14 umol/g dry wt.) oA

AchFig, 2).
stz 4% Bolch7} 84 DASCA 48%9) 4

Z

R

A2 (+) ol A 74 DAS(1,28)

oA Z7}etTt 84 DAS (0.21)74A] 7H4atdaL upx|at
A 2] )= T4

DAS (1,58)9|14 57} 3}ith7} 84 DAS (0.08)7}A] 7Agt
u|AIsHA %715t

[EddldE At ] e

TEdFol

89 DASY|| 2| A 4=E3aleF7H3%) 0.2 FA3] 7Fa 3}91 o u:]

of j A|Y2] GSL F=Fe] 15 pmol/g dry wt. = 7Fg
¥l GSL o] SAE %Itk Table 3).
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Fig. 2. Variations of GSL contents ( #mol/g dry wt.) in kale leaves in kale leaves (-) untreated or (+) treated with drought-stress
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(a) and spring (b) seasons.

S ZJashEA Qo) Fane vhes] Aaste] and) 4
ol & 14-16% F 314 3-450] WABle] HolAL,
T FAS A ASARA s kel F 1-12
% 519 8-970] Mok, o3 F U] SUsHA 21

4] oo} GSL FHke] Aapo] Al SEAEY A
HeJst 77do] B9 thETh 1 717he S o) w4
ok M2l e) GSL el Holst o AR AL & 4
Qolch %, e AEdA} Be BEAd =gl

& 0 AAE 2] R Wol 71249 shuEA Patet

EES ZIRE THefRt oA AN ES st AEA|
Yjo] 22514 +=4|(Dixon and Paiva, 1995), o A%
Ao A= Aol & 2EHAE ¢ st Hers
48] W Y GSLsE S4ske A o= Helt} (Brown

et al,, 2002) (Table 3, Fig. 3).

v. 28
7heak & 2&H Auigt AIL(TBC) o] +RAEHAS
CNU Journal of Agricultural Science 42(3), 2015, 9 173



Yux ) sracero) ot AY Y 2

FIASTOIE WY

sl SFFFA]=Y 0] E(glucosinolates, GSLs)H3}
£ 2RI AlHE HPLC B4 AT % 759
GSLs (progoitrin, glucoraphanin, sinigrin, gluconapin,
glucobrassicin, 4—methoxyglucobrassicin, neoglucobrasscin)
7}3;} 1 =35t & G
2 H]8(45%)& R L, progoitrin (24%)0] 1 thS &
oIoick, 2] THEGE 29 7, 9998 Hoz
FEAEYA AT WAL Aol 2
ZH4 02 99, 101, 103, 105 DAS®| =&t} GSL 3
B A2 ol A 3,48 (105 DAS)-15.10 (101 DAS)0| it
H] & 2] H(—) o A= 10,57 (105 DAS)-12,05 (99 DAS) u
mol/g dry wt, &2 A]-H+)o|A F4%H HEE BTt
ESE A8 99 DASE}H 103 DAS Aoof|Al SEAEYAE
At Ae]H(+) 2ot Bl A 2]H(-) &) GSL ghgol #=3ke
U 105 DASEE w2 0] GSL Fgo] FA8 st
A A2 7(+)9] GSL Fgo] w2 ()0 GSL gt
]:—] l-:o]Jﬂr,}-

[ 48] 54 209) ¥, 699 7HOR Hel7
(He} A E(-) 2 AAste] 5Y 7HE S =2 69, 74, 79,
84, 89 DASO|| =8k519ict & GSL o W= AElTH(+)
ol 4] 1,16 (84 DAS)—15.88 (89 DAS)o| 1L, B g]-(-)
o] A= 1.25 (84 DAS)—7.05 (74 DAS) umol/g dry wt, &
Z A7t vjA ()0l Hste] GSL ol w2

43S BT, 197 A2} v AR AT nE
74 DASS} 84 DAS AJo]7HA] GSL gtego] Z4Aash= ok
Hot}7} 89 DASH| A 2|7H(+) GSL &&el §43] S7Fst
o] 84 DAS X 2]7H(+)9] GSL &k(1,16£0,47 umol/g dry
wt, ) ET} 89 DAS HE|FH(+)9 &eF(15.88 umol/g dry
wt)ol oF 15 B F25] Z7kich. olof o] % Al
o] AuiA) 712} ek o] dul dASE AFS Ho|A=
SproLt, 4ReEd 20 o3 GSL Fgol FUsHOn
2 35 wYs 4=t Bash

SL §FF = sinigrino| 7}

el 2
2 AT FEHSAR SR S A R 2T A
A Golden Seed TZAE ALY (311022—-05-5—-SB020) ]|
ogf o]Fo] A AY.

A

[kl

174 SYutsiAT KM42# HM3s, 2015, 9

X} 7

a

ki

[d

Brown AF, Yousef GG, Jeffery EH, Klein BP, Wallig MA,
Kushad MM, Juvik JA. 2002. Glucosinolate profiles in
broccoli: Variation in levels and implications in breeding
for cancer chemoprotection. J. Amer. Soc. Hort. Sci. 127:
807-813.

Clarke DB. 2010. Glucosinolates, structures and analysis in
food. Anal. Methods 2:310-325.

Dixon RA, Paiva NL. 1995. Stress-induced phenylpropanoid
metabolism. Plant Cell 7:1085-1097.

Fahey JW, Zalcmann AT, Talalay P. 2001. The chemical diversity
and distribution of glucosinolates and isothiocyanates
among plants. Phytochemistry 56:5-51.

Halkier BA, Gershenzon J. 2006. Biology and biochemistry of
glucosinolates. Annu. Rev. Plant Biol. 57:303-333.

Holst B, Williamson G. 2004. A critical review of the
bioavailability of glucosinolates and related compounds.
Nat. Prod. Rep. 21:425-447.

Hwang ES, Hong EY, Kim GH. 2012. Determination of bioactive
compounds and anti-biocancer effect from extracts of Korean
cabbage and cabbage. Korean J. Food & Nutr. 25:259-265.

Jahangir M, Kim HK, Choi YH, Verpoorte R. 2009. Health-
affecting compounds in Brassicaceae. Comprehensive Rev.
Food Sci. Food Safety 8:31-43.

Keum YS, Jeong WS, Kong ANT. 2004. Chemoprevention by
isothiocyanates and their underlying molecular signaling
mechanisms. Mutat. Res. Fundam. Mol. Mech. Mutagen.
555:191-202.

Kim SJ, Kawaharada C, Jin S, Hashimoto M, Ishii G,
Yamauchi H. 2007. Structural elucidation of 4-(cystein-S-yl)
butyl glucosinolate from the leaves of Eruca sativa. Biosci.
Biotechnol. Biochem. 71:114-121.

Lee SM, Rhee SH, Park KY. 1997. Antimutagenic effect of
various Cruciferous vegetables in salmonella assaying system.
J. Food Hyg. Safety. 12:321-327.

Park KW, Ryu KO. 1998. Functional property and health
stuffed vegetables. pp. 172-175. Herbworld, Seoul, Korea.

Poiroux-Gonord F, Bidel LP, Fanciullino AL, Gautier H,
Lauri-Lopez F, Urban L. 2010. Health benefits of vitamins
and secondary metabolites of fruits and vegetables and
prospects to increase their concentrations by agronomic
approaches. J. Agric. Food Chem. 58:12065-12082.

Rajashekar CB, Carey EE, Zhao X, Oh MM. 2009. Health-
promoting phytochemicals in fruits and vegetables: Impact
of abiotic stresses and crop production practices. Functional
Plant Sci. Biotechnol. 3:30-38.

Rosa E, Heaney RK. 1996. Seasonal variation in protein,
mineral and glucosinolate composition of Portuguese cabbages
and kale. Animal Feed Sci. Technol. 57:111-127.

Schreiner M. 2005. Vegetable crop management strategies to
increase the quantity of phytochemicals. European J. Nutr.
44: 85-94.



Sun-Ju Kim / Variations of glucosinolates in kale leaves (Brassica oleracea var. acephala) treated with -+

Schmidt S, Zietz M, Schreiner M, Rohn S, Kroh LW,
Krumbein A. 2010. Genotypic and climatic influences on
the concentration and composition of flavonoids in kale
(Brassica oleracea var. sabellica). Food Chem. 119:1293-1299.

Sun B, Liu N, Zhao Y, Yan H, Wang Q. 2011. Variation of
glucosinolates in three edible parts of Chinese kale
(Brassica alboglabra Bailey) varieties. Food Chemistry
124(3):941-947.

Van Etten CH, Daxenbichler ME, Wolff 1A. 1969. Natural
glucosinolates (thioglucosides) in foods and feeds. J. Agric.
Food Chem. 17:483-491.

Wattenberg LW. 1977. Inhibition of carcinogenic effects of
polycyclic hydrocarbons by benzylisothicyanate and related
compounds. J. Natl. Cancer. Inst. 58:398-398.

Zhang Y, Talalay P. 1994. Anticarcinogenic activities of organic
isothiocyanates: Chemistry and mechanisms. Cancer Research
54:1976-1981.

Zhang Y, Wade K., Prestera T, Talalay P. 1996. Quantitative
Determination of Isothiocyanates, Dithiocarbamates, Carbon
Disulfide, and Related Thiocarbonyl Compounds by Cy-
clocondensation with 1,2-Benzenedithiol. Analytical Biochemistry
239:160-167.

CNU Journal of Agricultural Science 42(3), 2015, 9 175



