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Abstract: The aim of this study was to investigate the amounts of glucosinolates (GSL) in kale at various development stages.
Kale varieties ‘Manchoo Collard’ and ‘TBC’ were cultivated from 20 February 2012 to 3 July 2013 in the greenhouse at Chungnam
National University. During the cultivation periods, samples were harvested at 35, 63, 91, 105, 119, and 133 days after sowing
(DAS) and the amount of GSL quantified by HPLC. Ten types of GSL (progoitrin, sinigrin, glucoalyssin, gluconapin, glucoiberverin,
4-hydroxyglucobrassicin, glucobrassicin, 4-methoxyglucobrassicin, gluconasturtiin, and neoglucobrassicin) were observed in ‘TBC,
whereas nine types of GSL (the same as above, except glucoiberverin) were identified in ‘Manchoo Collard’. The amount of
total GSL in ‘Manchoo Collard’ was comparatively higher at 133 DAS (mean 8.64 umol'g'l) and lower at 35 DAS (1.16 LLmol-g'1
dry weight, DW) of cultivation. In the case of ‘TBC’, the amount of GSL was higher at 91 DAS (mean 13.41 pmol-g") and lower
at 35 DAS (0.31 umol-g’1 dry weight, DW). Sinigrin was the most abundant GSL (57% of total GSL) in ‘Manchoo Collard’ at
133 DAS and was also highest (44%) in ‘TBC’ at 91 DAS. Together, progoitrin, sinigrin, glucobrassicin, and gluconasturtiin, the
precursor of crambene, allylisothiocyanate, indol-3-cabinol, and phenethylisothiocyanate accounted for 94 and 78% of GSL in
‘Manchoo Collard’ and ‘TBC’, respectively. Our results demonstrate that the amounts of GSL, which have potential anti-carcinogenic

activity, change during development in Kkale.
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O] =(carotenoids), E31H|Z(tocopherol), Z2]=|=(polyphenols)
T 28 )54 A3 9 heket 714 5o gl Eel
thal & A QT Choi et al., 1995; Podsedek, 2007). 83
I} YA = Brassica oleracea= o8| 3(B. oleracea var.
capitata f. alba), ZFN(B. oleracea var. capitata f. rubra),
B2 ZZ(B. oleracea var. italica), A& ZZ}+(B. oleracea

var. botrytis), #FoFvl|3=(Brussel sprouts, B. oleracea var.

gemmifera), A4
Q1tHHagen et al., 2009; Lee et al., 1997). 7-]] 200 o /\15’1—
7} QAR 2 ol ¥E £9] sLtE A|(Choi et al., 1995),
Wl Al % Ak Bol A B Ao mawol
QItHHalvorsen et al., 2002).

GSL= 4o} 38 oI ohi 23} tapkE R vl
3} Aol Qe BEar) GSLE S5 P19 ile e
Y F2 FAlol] wol Efalnl, wol ¥ ARsIA 1
SV EBol== Ao &g RH1E o] QJtiFahey et al., 2001;
Lim, 2002). AAH7HA] oF 20055 o)/do] deA glen o]
% 3001Fo] AT S 7H A= dEfA ltK(Clarke,
2010). GSL+= ¥rbA o8 o ] s Zhnt Eaflibe
(isothiocyanates)S &¢F a1/} Holw Aoz d&A Qick
(Fahey et al., 2001; Zhang and Talalay, 1994). GSL+= 3}3}+
Aoz QPR el = EAISHAINL AEA| 220 &4
S myrosinase(thioglycoside glucohydrolase, EC 3.2.3.1)¢]
olg) w2 A 7lEalE] o] o3 714 thiohrdroxamate-

O-sulfonate S 451, o] E2-2 isothiocynates, oxazoldine-

016 oy

2-thiones, indole-3-cabinol, nitriles, epithionitrile, thiocynates
S} 28 Pk B2 HFEICKFahey et al., 2001; Halkier
and Du, 1997; Higdon et al., 2007; Keck and Finley, 2004;
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Zhang et al., 2006). £3] isothiocyanate= %2 F-=3ta4
A4S F7HA7]a, A|EAE AHapoptosis) H A|EF7] 9
A 7108 Fsto] KR, ik vek 5 gkl Hol
Utk B %o QJti(Cartea et al.,, 2008; Hwang et al.,
2012).
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HPLC-grade acetonitrile(CH3CN)Z} methanol(CH;OH)-&
I.T Baker chemical Co.(Phillipsburg, NJ, USA)E AM2-5}4
t}. Sodium acetate(NaCoH;0, - 3H,0)-2 Samchun Pure Chemical
Co., Ltd.(Pyeongtack, Korea) 71 AR50, DEAE-Sephadex
A-25+= GE Healthcare Bio-Sciences AB(Uppsala, Sweden)
£ ARE31T) Sinigrin(2-propenyl GSL), aryl sulfatase(type
H-1, EC 3.1.6.1)+= Sigma-Aldrich Chemical Co.(St Louis,
MO, USA) A& AH&algict.

AR

AL ZXBrassica oleracea var. acephala)= 2E3%(‘Manchoo
Collard’, ‘TBC’) X% ofA|o}l&H (Asia seed Co., Ltd, Seoul,
Korea)ol 4] G-JgF A& 2012\ 2¢ 20 FHUL &
QaETshst a4 R4 g 2 o] sEsier,
725-572 71 Ed|°|(72 hole-plug tray)o] Hi-§ ~J=(High,
Punong bed soil, Gyeongju, Korea)S 71'HA| @il HH3}A
g ol E5 AL AY FAE A T Al HER
BES slo] dleton o) ook WAL AT, 5
9] T 9] flste] ARAR g 157 3o
wg Bl ohg 4 Fol AEAS Aoy, Heo
H| 2= tom AT 55 5k Askez Aujgt ok
off Al del7t S HE Zeh AE000g AM)E A
(23 x 18cm)o] ol 4]alsic,

I

— d
im do m K

K

Al 717 F 133U 2 ZF Alm= o] A 328 THA(S,
63, 91, 119 days after sowing, DAS)T} 14 72 (91, 105,
119, 133 DAS)S & 3dH=E 0 & 4=3}5}¢itt. 88, 101DASY|
= & 23] AA E£EIeE H®(N-PK, 22-12-12)F 1,
2g# FHlskGiet =83t 9 AR 70°C g 2412 BE
2I(SFDSF 12, Samwon Freezing Engineering Co., Busan,
Korea)o| Htsto] ¢34 02 $AZ2G Fof wpajol of
Apapats Barshelch

SFIA=0IE(GSL) F&

AzxE B9 A8 100mgS A &5}1o] 2.0mL-Eppendorf
tubeo] @17 FE(endogenous myrosinase activity 2] =2
3h 70%(v/v) methanol(1.5mL)E d7}5te] Z=E3Hvortex)
ATk 3FL=2(70°C)o| A 557 Z(crude) GSLE =23}
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t}. oy 29 %218 DEAE Sephadex A-25(30g)= Zo25
of ol EHofFo ¥ v A9 WU sodium
acetate 0.5M(68g-L)E do] H" ez Asir 7T} &
AHO & 1,000ul pipet tip & Y-S mini-columno]] A+7]
9] 244315 DEAE Sephadex A-25(2F 78mg dry weight, DW)
£ Y2 & GSL Z FZEE(crude extract)2 pasteur pipette
o= 2uslgt. 2YA7l 2 2280 o} BAW FRS
2mLE 2495t} ZyS Ak, AlA % paraffin film=
7+ ofel FE-S ukil aryl sulfatase solution(115mg-5mL™)
TSULE E F Z4E 9l 25 paraffin film &= 2HobA 16
A7t ZoF ALeof| A AX]5F9IT]. Aryl sulfatase solutionS
= o o 2sto] Holl 24 s Fofstoiof gt
16A]1710] At & %422%0.5mL x 33))= 2.0mL-Eppendorf
tubeo]] DS-GSLE =319t 854171 A &(DS-GSL)~=
0.45um hydrophilic PTFE syringe filter(%]7 13mm)= o1}
3t & HPLC-E vialHof €o] WA X sl tmodified
from Kim et al., 2007).

HPLCO| 23t 22T AI=20IE(GSL) &4

DS-GSL & £4-2 1200 series HPLC system(Agilent
Technologies, CA, USA)E ARSI, B4 222 Inertsil
ODS-3 column(150 x 3.0mm I.d., particle size 3um), 7}=
72 Inertsil ODS-2 Cartridge Guard column E(10 x
2.0mm Ld., particle size 5Sum)(GL Science, Tokyo, Japan)E
ARG A 2= 40°C, HE P2 227nm, {52
0.2mL-min" 2 A#3}9c}l. A]EL automatic injectorS ARE-
5to] 10.0uL =433t 80l A(Z<) 2} -8+ B(acetonitrile)
£ ol &Her ARSI &1 BE 1827+ 7 —
24%2 S7HA713L, 287 = 24% 5 FAIAZ]AL 32140
24 — 1% 7k, 40E71R] %S SR A FTh ZF GSL AE
o] Agre oH 520l sinigrin(O.lmg-mL'l, DS-sinigrin
o] ¥A}F 279)2] HPLC 72 WA} 7 450 WAL v
wSkal 71 Zkoll response factor(Clarke, 2010; ISO 9167-1,
1992)% F3lo] HFsumol-g' DW)sFATh

LC-ESI-MS EMoj| 2lgt DS-GSL S8

Z+ DS-GSL AE-2 4000 QTrap LC-ESI-MS/MS system
(Applied Biosystems Instrument)E A}-8-3}¢], positive ion
mode([M+H]H)Z 543}l LC-ESI-MS/MS Q] H4 %7
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2 o230}t gt} B4 22 Inertsil ODS-3 column(150 x
3.0mm 1.D., particle size 3um)S AME-3Fgow, 7t= ZHe
2 Inertsil ODS-2 Cartridge Guard column E(10 x 2.0mm
I.D., particle size 5um)(GL Science, Tokyo, Japan)S A&
ST A4 2% = 40°C, A= 3 (detection wavelength)
£ 227nm, G-2K(flow rate)2 0.2mL-min” 2 AA5}ch A
= A5 Al2FY7](automatic injector)E ARE-5F] 10.0uL
FskA k. A7 (scan spectra)= m/z 100-8002 AA
3131, AFHAIZHscan time)2 1.0s2 3}t
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Fig. 2. HPLC chromatograms of glucosinolates separated from (A) ‘Manchoo Collard’, (B) ‘TBC’ cultivars at 133 DAS. Peak numbers

refer to the glucosinolates shown in Table 1.



o, AR, ola7], REVN, WAY, HAL, W

181

Table 1. Glucosinolate contents (umol-g" dry wt.) in ‘Manchoo Collard’ and ‘TBC’ cultivars at different development stages

(n = 3).
Days after sowing (DAS)
No.” Trivial names 35" 63 91 105 119 133
‘Manchoo Collard’

1 Progoitrin 0.25 0.19 + 0.05 1.08 + 0.35 1.35 + 0.43 0.98 + 0.14 2.52 + 0.28
2 Sinigrin 0.82 0.61 + 0.23 219 + 2.25 229 £ 057 152 £ 038 491 + 081
3 Glucoalyssin ND¥ ND ND ND 0.02 ND

4 Gluconapin ND ND 0.12 + 0.02 0.07 £ 0.02 012 £ 0.07 0.15 * 0.07
5 Glucoiberverinv ND ND ND ND ND ND

6 4-Hydroxyglucobrassicin 0.03 0.03 ND ND ND ND

7 Glucobrassicin ND 1.11 + 0.55 0.44 + 0.38 0.50 £ 0.10 0.19 + 0.05 0.60 * 0.52
8 4-Methoxyglucobrassicin 0.04 0.06 + 0.01 0.06 + 0.04 0.09 £ 0.01 0.05 £ 0.02 0.30 * 0.17
9 Gluconasturtiin ND 0.08 0.09 + 0.01 0.03 0.06 + 0.04 0.09 + 0.05
10 Neoglucobrassicin 0.02 0.03 0.05 + 0.02 0.05 + 0.01 0.06 £ 0.05 0.06 = 0.03
Total 1.16 2.11 £ 0.86 4.03 % 3.06 439 = 1.14 3.01 + 0.74 864 + 1.94
No. ‘TBC’

1 Progoitrin 0.26 0.16 + 0.03 454 + 0.21 386 £ 1.84 321 £ 097 1.83 + 0.55
2 Sinigrin ND 0.09 + 0.03 5.85 + 1.59 401 + 1.06 3.81 + 0.38 545 + 495
3 Glucoalyssin ND 0.72 + 0.04 ND ND ND 0.28

4 Gluconapin ND 0.21 1.37 = 0.18 1.23 £ 0.32 0.95 £ 0.39 0.43 = 0.18
5 Glucoiberverin ND 0.04 ND ND ND 0.17

6 4-Hydroxyglucobrassicin 0.05 0.02 0.01 0.08 ND ND

7 Glucobrassicin ND ND 0.70 + 0.58 0.69 + 0.50 0.18 + 0.03 0.32 + 0.25
8 4-Methoxyglucobrassicin ND 1.23 0.33 + 047 0.11 + 0.07 0.05 + 0.01 048 = 0.75
9 Gluconasturtiin ND ND 0.18 = 0.07 0.26 = 0.16 0.21 £ 0.05 0.13 = 0.04
10 Neoglucobrassicin ND 0.57 + 0.51 0.44 + 0.08 0.70 £ 0.09 0.21 £ 0.05 0.63 + 0.60
Total 0.31 3.03 £ 037 1341 % 146 1094 +391 854 * 1.74 9.72 % 6.10

*No., the elution order of glucosinolates from HPLC chromatograms in Fig. 2.
YND, not detected.

*n = 1.

WA FQctHFig. 2 and Table 1).

GSL &2 & 53

HPLCE F5to] AldS 4% A, ‘“TBC A= F 10
% 9] GSL(progoitrin, sinigrin, glucoalyssin, gluconapin,
glucoiberverin, 4-hydroxyglucobrassicin, glucobrassicin, 4-
methoxyglucobrassicin, gluconasturtiin, neoglucobrassicin)”}
HE o1} ‘“Manchoo Collard’ o 4+= glucoiberverin A
Qg 959 GSL7| E2]E itk 10579 GSL 3 aliphatic

GSL+= 5%(progoitrin, sinigrin, glucoallysin, gluconapim,

glucoiberverin), indolyl GSL+= 4<(4-hydroxyglucobrassicin,
glucobrassicin, 4-methoxyglucobrassicin, neoglucobrasscin),
aromatic GSL+= 13(gluconasturtiin) © & UEFIT)
‘Manchoo Collard’®} ‘TBC’ &+ &% 2%F FQ GSL=
aliphatic GSL 2! progoitrin®} sinigrin®] 11l L} #Z| aliphatic,
indolyl, aromatic GSLF+= A it o]&= GSL AgHAdol o]
|5 oAbl fAA aglo] FRke mH T HEkE T
(Agerbirk and Olsen, 2012; Magrath et al., 1994). Sinigrin}
progoitrin 2] AYsHA ol ©]-&-E]= homo-methionine, di-homo-
methionine-2 GSL AJgHAdo]| ©]-8-%] %] 21} glucoalyssin, indolyl
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GSL, gluconasturtiins- A/J5H= tri-homo-methionine, tryptophan,  M4ETHA0f 2 GSL &t

homo-phenylalanine(Agerbirk and Olsen, 2012; Halkier and AMATHA o] W2 Al U GSL 3FeF H o= ‘Manchoo
Du, 1997; Sun et al., 2011)2 GSL AJgHdo| wo| o] 8= Collard’(1.16-8.64umol-g” DW), ‘TBC’(0.31-13.41umol-g"
W2 Jlor Kotk 22 ofnleqto 2 RE Y= DW)E UeRgTi(Table 1). 0]2] 213 23135 W(35DAS)2]
sinigrin, progoitrin®] 2 #| HEE U glucoiberverin GSL &12ke ‘Manchoo Collard’(1.16pmol-g”’ DW), “TBC’(0.31
7} gluconapin®] 9ol WA HEH o] GSL Aol umol-g”! DW)E RE= A oA 714 Wtk “Manchoo
HoIdh= {7304k GSL-OX(methylsulfinyl), GSL-ALK(alkenyl),  Collard’= 133DASO||A] 8.64umol-g’ DW, ‘TBC’:= 91DAS
GSL-OH(hydroxyalkenyl)of] 2]t 7o =2 ®olrt} GSL-OX of| 4] 13.41umol-g' DW= 713 =9k} 133DASOIA] ‘Manchoo

© B2 AB7lE dgs b, GSL-ALK+= methylthio”] Collard’ Y] % GSL ¥ % 7P =& u]2-2 el A5
E AAsIL olFZATS et ol A== GSL7t L sinigrin® & AR Q] 57%S 2}A|5}$ S, progoitrin®]
sinigrin®]t}. GSL-hydroxyalkyl> GSL2] ZAlE<] -OH7| 29%2 71 theoz =2 u2S 2x|5kAth 91DASOA,
£ A7FA|7IciHalkier and Du, 1997; Sun et al., 2011). o|uj ‘TBC’ U] & GSL & = 714 =2 8|88 el Are

A/ == GSL7} progoitrin © &2 o|& F--A=2] 2821t sinigrin © 2 AA| 9] 43%S 2}A|5F9 .21, progoitrin©] 33%
2 Z7F GSL2l glucoiberverind} gluconapin®] o] HE&E 2 1 theo g we ujg-8 2}x|5}9ic). Sinigrind} progoitrin

A = Ao Az, 2 2 AEA 5 9IDASOIA 7P #A Ukebel: “Manchoo

A 10 B 16 -
P 14 |

c 8 @ Aromatic 12 B Aromatic
§ s @ Indolyl aIndolyl
88 6 BAliphatic 10 @ Aliphatic
5o 8-
22 4 6

[ =

g |
S 2 4
o 2

04 0 | .
35 63 91 105 119 133 35 91 105 119 133

Days after sowing (DAS)

Fig. 3. Total glucosinolate contents (imol-g” dry wt.) divided into three types in (A) ‘Manchoo Collard’, (B) ‘“TBC’ cultivars
at different development stages.
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Fig. 4. Ratio of glucosinolates divided into three types in (A) ‘Manchoo Collard’, (B) ‘TBC’ cultivars at different development
stages.
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Fig. 6. Harvest of kale ‘Kale TBC'. A, 35 DAS; B, 63 DAS; C, 91 DAS; D, 105 DAS; E, 119 DAS; F, 133 DAS.
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%2 3EFo 2 8]3-S o ‘Manchoo Collard’= 119, 133DAS
Atolofl A, “TBC’+= 632} 91DAS Afolo| A gef WS} =
Al Yt o|FA g Mt 24| Yeh= o= AR
Azl Aele] 4% FEE B o 4 ot
(Fig. 5 and 6). ‘Manchoo Collard’ 2] 7-9- 119DASS] Al
olmt} 133DAS AJele] 9 F7]7} BHds] =31 “TBC’ 2] 7
© 63DASC] A UK} 9IDAS A YL ¢ =9 =7|7}F 2
Sebdl A2 SRIF 4 ITk S, TBC'S] 79 9IDAS
o|F&2+= GSL HA| g=fo] A GepR|A] ¢hgk=tl o=
Q0] SISk ALE HR o 4 Siso] Ae] o] o
ol AA ApA] gtk o] &2 m|Fo] & uwff Al W GSL
e olo] AHT ol A YL W Ao Azt
o Ago] o Jr SHJH o]Foe 1 3ol 5,
S ok Aol uet GSL ghre drebd 4= glott 1
wshe g HEo] via) ojujsk Ao AlmEc,

23 7t GSL & H|n

‘Manchoo Collard’Q} ‘TBC’ T &F9)A A% GSL=
glucoibervering A28t 971x] GSL7| 22 £72] GSL T}
SR HF gFefFof| A= ‘Manchoo Collard’ 9} ‘TBC’ 7} & off g
2o UERH 133DAS, 91DAS7]E2 2 ‘TBC 7} ‘Manchoo
Collard’ 2.t} 1.558] =7 YEelgth 35DASE AQst &=
£28kx]7]9] “TBC’7} ‘Manchoo Collard’ 2t} 1.13-3.334) =
A Yebg o H, 35DASO) A+ ‘Manchoo Collard’7} ‘TBC’
B} 3.789) =4 JeEldt} ‘Manchoo Collard’ 2] & GSL &+
oF 2 aliphatic GSL7} 83%=% 714 =4 YElgtoH, &
S 2 indolyl GSL7} 15%, aromatic GSL7} 2%= UENGTH
‘TBC’ 9] % GSL 3 5 aliphatic GSL7} 82%2 714 =7
Vet o, o222 indolyl GSL7} 16%, aromatic GSL7}
2%= UhebdchFig. 4).

SA% GSL % progoitrin, sinigrin, glucobrassicin, glu-
conasturtiin> ‘Manchoo Collard’2} ‘TBC’2] & GSL &=F =
Y7} 94%, 18%E Z}A|SH4T) ©] = progoitrin} sinigrin-S
aliphatic GSLZ2X4] Z}Z} E|AH= = nitrileX} isothiocyante
21 crambene®} allyl isothiocyanete2- 2433t} glucobrassicin
2 indolyl GSL, gluconasturtiin> aromatic GSLZ E|AHE
2 indole-3-cabinolZ} Phenethyl isothiocynateS 7}2It}. o]
= WS AR B R AlZE o RRH HE
= E-2 LA th(Fahey et al., 2001; Keck and
Finley, 2004; Kim and Milner, 2005; Zhang and Talalay,
1994). 4134 15+ Aifof| wh= F GSL & 5 Progoitrin,

sinigrin, glucobrassicin, gluconasturtiin®] 3+=Fo] 17.37, 66%
(Cartea et al., 2008); 2.82, 35%(Kushad et al., 1999); 1.66,
26%(Kushad et al., 1999); 6.3, 43%(Kushad et al., 2004);
2.49, 28%(Sun et al., 2011)& 2 ¢ILo]| 4] Lheht GSL 3t
o] 71 =7 YERdTh webA ‘Manchoo Collard’ @} “TBC’
5 B 3 avE 7K Zles Ve 22 Al
W GSLoj| ¥t At= ALY Aol oju] B oA
O] GSL 9F; GSLO| 3hitel 4, W8 AlY &30l o&
GSL ?F 23zof tigh A+ 5ol et ALY A4 =
of w2 GSL g ®Wste] gk At vin)gt Aotk
b & At ASTAE GSL ol o7t He A
& S Hojgo=y AlY 8o oA B 783t

AuE ATT 5 Yk

0]
(Brassica oleracea var. acephala) U] GSL e ZAISHS
o} Al =2 ‘Manchoo Collard’, ‘TBC’ = &X0 2 #j
717k 2012 29 2097 ¢ 5 7€ 3Y7HA] 133U 0]
o £EA7|= T3 T 35, 63, 91, 105, 119, 133Y(days
after sowing, DAS)©]3ltl ‘TBC o A= & 1029 GSL
(progoitrin, sinigrin, glucoalyssin, gluconapin, glucoiberverin,
4-hydroxyglucobrassicin, glucobrassicin, 4-methoxyglucobrassicin,
gluconasturtiin, neoglucobrassicin)”7} £2] W A E ¢ O}
‘Manchoo Collard’oJ|4]+= glucoibervering- A 2|5t 952] GSL
7} 22] 4 A=) 9ltl ‘Manchoo Collard’ 2] GSL g2
133DASHA(FH 6.12umol-g' DW)7} =9k31, 35DAS
(1.16umol-g" DW)ollA] 714 wolch. “TBC €] GSL ke
91DAS(E 13.41umol-g”' DW)oA] 7} =9k31, 35DAS
(031pmol-g" DW)ollA] 714 ke, & GSL % % sinigrin
o] “Manchoo Collard’(133DAS)o| A 57%, ‘TBC’(91DAS)<]|
A 44%2 7H =9tk gt FHojut crambene, allyl
isothiocynate, indole-3-cabinol, phenethyl isothiocyanate 2]
ZA) 21 progoitrin, sinigrin, glucobrassicin, gluconasturtiin
£ ‘Manchoo Collard’2} ‘TBC’2] & GSL a=F = 7+ 94,
%2 UER & 55 2% ¢ avs 7H Zlez 7)Y
Fok
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