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Abstract

Bioactive organosulfur phytochemicals were isolated from fresh broccoli using methlylene chloride as an
extract solvent, and identified by GC/MSD analyses. Major organosulfur phytochemicals of broccoli extract
were found to be isothiocyanates, which constitute 40.42% of total phytochemicals. The isothiocyanates from
broccoli extract were identified to be 3-butenyl, 4~methyl! thiobutyl, 4-methylthio-3-butenyl, 5-methylthiopentyl,
2-phenylethyl, 3-methyl sulfinyl propyl, and 4-methylsulfinylbutyl isothiocyanates, of which major isothio-
cyanates were 3—buteny! isothiocyanate and 4-methylsulfinylbutyl isothiocyanate, constituting about 38.55%
of total isothiocyanates present in the solvent extract. Also, nitriles, corresponding to products from enzymatic
hydrolysis of glucosinolates were identified as 4—methylthiobutyl, 5-methyl thiopentyl, 2-phenylethyl and 4-
methylsulfinylbutyl nitrile. In addition, three sulfides were identified as dimethyl disulfide, dimethyl trisulfide

and dimethyl tetrasulfide.

Key words: broccoli, organosulfur phytochemicals, isothiocyanates, GC/MSD

H B

HeZe 5 AAs g &t i 2 59 &
& phytochemicals® 4% glucosinolates®] &A% 7}

#8) 4AHE <l isothiocyanates, nitriles % sulfides 2] 3&
5ol 7IAH K. °o] & 3 3 EEL AAET H4a9
242re] FE5]) 715 Wed 7eoi @ Bvk ol (1-4), A A
Well A ohg st AY Edweo] & sl 2He 5 ook
gk el 29 E Jehdch(5-8). Glucosinolates?] &A%

7V AbE F9] sluba) sulforaphane AW el 4] o} &2

] Abo]] Fed3li= phase I & 4 (glutathione S-transferase
)2l AL AelA o2 feste] whshof disiA wholat 4
(chemoprotection)< YeRATH(9-11). 3], sulforaphane
Sk A Rbs s A s %“’ﬂ‘i H2Fge]d 7P wel &4
5ol 9lerf(12), 2] F79 AAs g A2 FE2EL 7
3 AFollA] A 7F cytosol & glutathione S-transferase -5
A= BREe] £5 80 Fobvlw BuHicH13). 18
v} olel gt F-Eave B e Ee) 39 sulforaphane $H5-& 3}
2l7] B ol isothiocyanatesE ¥ 8 o3& £79 bioac-

1'Corresponding author. E-mail: mrkim@cnu.ac.kr
Phone: 82-42-821-6837, Fax: 82-42-822-8283

tive organosulfur phytochemicalsell &g ¥-3F &3} 2 Al5
o

B 228 9] phytochemicals2& $%7] 255 S|
4] 2-phenylethy! isothiocyanate, 4-methylthiobutane nitrile
%} 2-phenylethyl nitrile®] &7} B 722 ¢lch(14). =3 B
2Z2) 9 7}FHA F4 sulforaphane, 3-methylsulfinyl iso-
thiocyanate, 4-methylsulfinylbutane nitrile, 5-methylsul-
finylpentane nitrile @ cyan-2-hydroxy-3-butane®] &
Wbyl B 7 E A eh15).

2 e B2 Eee] £9FEE 5o FgESe] oln
RuE AE Qo ohE 79 isothiocyantes$} nitriles 5
9] bioactive organosulfur phytochemicals] &7} &<l =
o o]of M 7} wlelr}.

ERET
N2

B2 Ees dA3 AW s AF= &% T4 3t
4 22, sulforaphane Z5F-2 LKT Labs, Inc.(St. 1, MN,



316 AL

USA)l A 743}
Merck(Fd)A} A EF&

£ of] A28} ). Dichloromethane-&
AH-g-8Fd o}

UM MHE F5

A& 100 goll 200 mLe] 2% 2 Y3 Waring blender

(Fisher Scientific Co., USA)el|A] 287} vlal5lod Al-&off 4]
1417 93t 3 A= 2 of7algdch 92 Chin 5(16)

o] v off ate} 50 mL94 dichloromethane &2 33| 223}
B2 FE2ES TR EFZ 94AA 30°CelA 3¢t
5 F AT ol%sm 0.1 mLZ s53sicth

GC/MSDol| efgt 44
Dichloromethane 2. 2 #%3%3 0.1 mL7}A] 33 A2
1 pL-E gas chromatography/mass selective detector(GC/
MSD)el} &}&}ed 2413819}, GC= Hewlett Packard 5890 11
Plus(Hewlett Packard Co. Ltd.,, USA)Z
(30 m*0.27 mm, HP, USA)& AH4-3}%) 12, temperature pro-
grarn& 60°Coll A 187 A8 & 280°C7+A] 10°C/min<]
L2 $2A Y F9d7e AE 7 2EE 250°Ce)H,
carrier 7}22= helium$ Al4-3le] 42 0.8 mL/minZ 3}
3l A F& splitless mode® 1 pL-E )3t} stgtE 51
o] A-8-8F MSD+ HP MSD 5972(Hewlett Packard Co. Ltd.,
USA)E o] 43t ov, A 8.9 o] 23} electron impact ion-
ization(ED ¥}&] 2 2 338} o} lon source temperaturet= 250
°C, ion voltage 70 eV} EM voltage 2,100 V 18l 7 £ 3t
FARFe] W (m/z)E 5~550 amu 2 3he] BAsgde G/
MSDol Al & F3}e] Full Scan Mode 2 Zo0]-& = 81}
Eadg 22 F 2uld 929 mass spectrum$ library
(17) &, 71€ 8 229 mass spectrum(18,19)=} ]2
3o A —5’:% gelaled 51, sulforaphane-& A&

, column-2 HP-5ms

EFEAES

- 728}

. ;Q D]Eq

ste] shalshaiet.

2 o D3
B2ge) §v) 2252 GOMSDY Fste] @2 Fol

< ARuE 732 Fig 13} 2} 220t a8 Al yeld
Az A ~uEg slsle] gasgtEa) s
313HE 2058 #alslgi o, o] AHES isothiocyanatest,
sulfide¥#, nitrile¥, indol5+ ¥ sulfonatef = ® {3} 27+
o] A dEF%(F Az 9y A 94 %)& Table 19
vebl ol s, 2 AR E AsERA] ~d e vehd 7 B
o] 22] A A 7] & Table 2o el gic} B2 2] Lo
FZE $9 isothiocyanate F+ 40.42%, sulfideF = 0.829%,
nitrilef+= 6.86%, indoleH+ 3.21%°]¢lc}.

GC/MSDel| ]3] 3tl¥l isothiocyanate<] Table
201418} 7+o], 3-butenyl, 4-methylthiobutyl, 4-methvithio-
3-butenyl, 5-methylthiopentyl, 2-phenylethyl, 3-methyls-
ulfinylpropyl, 4-methylsulfinylbutyl isothiocyanate?] 7%
o] Bel=gl o] & jsothiocyanates ¥e-& 40.42%] 1o},
o]+ Howard E(15)¢] R 33 22 isothiocyanate &,
sulforaphane 2 3-methylsulfinylpropyl isothiocyanate, =~
2] 3 Buttery S(14)¢] X313} 2% = 2-phenylethyl % 4-
methylthiobutyl isothiocyanatel] B]3}e] 2 A& o] &2 -
&<1%l isothiocyanate®] %2} % isothiocyanates®] ¥eF
o] wotrh 53, £ A Ao BEZelo &) 255
ZolA] 2] - FH A BE J1-8-6 isothiocyanated 3ol 4
3-butenyl isothiocynate= 22.05% 2 7} wgtow 1 th&
2 2 sulforaphane¢] 16.50% % #l= o] o] 229] isothio-
cyanate”} 3855% & o] 8- 2} 8}¢d o}k Zhang S(9)-& ¥,

ZE\_
i

1500000

1000000 4

500000 4

Abundance TicC
4000000 3
3500000
23
3000000
by n
2500000
1 32
2000000 -
11 2

J

0

Time--> _ 4.00 10. 00 12. 00

14.00

16,00 18,00 20,00 2200 14,00

Fig. 1. GC chromatogram of solvent extract of broccoli.
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Table 1. Kinds of organosulfur phytochemicals from solvent extract of broccoli
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Compounds Sulfides

Isothiocyanates

Nitriles

Indoles

Sulfonates

Thiones

Area (%) 0.84 40.42

512

3.23

171

0.37

Table 2. Sulfur and nitrogen containing compounds identified from the solvent extract of broccoli

Compounds /(Xg/:)a M.W. m/z (relative intensity)
Sulfides
Dimethyldisulfide” (2)” 0.58 94 57( 14) 792 B4(2) 94( 2y 9%( 1)
Dimethyltrisulfide (5) 0.02 126 64(100) 126(61) 79(35) 111(15)
Dimethyltetrasulfide (14) 0.24 168 1568(100) 79(97) 64(42) 94(18) 126( 1)
0.84
{sothiocyanates
3-Butenyl (6) 22.05 113 72(100) 113(63) 85(10) 35(18)
4-Methylthio-3-butenyl (21) 0.08 159 87(100) 72(29) 159(27) 53(19)
4-Methylthiobutyl (22) 0.56 161  115(100) 61(95) 72(59) 85(43) 55(32) 161(24) 146(11) 100( 7)
5-Methylthiopentyl (23) 0.62 175 87(100) 159(37) 72(25) 61(18) 69(11) 101( 3) 175( 2)
2-Phenylethyl (24) 0.37 163 91(100) 163(38) 105(14) 65(14) 77(13) 72(11)
3-Methylsulfinylpropyl (29) 0.24 163 72(100) 64(33) 116( 9) 86( 9) 100( 7) 130( 7)
4-Methylsulfinylbutyl(sulforaphane) (31) 16.50 177 72(100) 160(51) 55(43) 64(20) 114( 8) 177( 1)
40.42
Nitriles
3-Methylthiopropyl (12) 0.14 115 61(100) 68(93) 115(52)
4-Methylthiobutyl (13) 0.09 129 61(100) 82(51) 129(43) 55(30) &7( 7) 114(6)
2-Phenylethyl (16) 0.13 131 91(100) 131(22) 65(13) 77( 6) 51( 8)
4-Methylsulfinylbutyl (26) 476 145  55(100) 64(54) 82(30) 61(10) 145(10) 61(10) 129( 2)
512
Thiones
>-methyl,5 ~ethyl oxazolidienethiones 0.37 145 116(100) 75(57) 145(25) T70(17) 130(10)
Indoles
1H-Indole (17) 042 117 117(100) 90(39) 63(12) 58( 7y 51( 3) 52( 2)
1H-Indole-5-0l (19) 0.07 133 133(100) 51( 9) 78( 6) 104( 4)
1H-Indole-3-methyl (20) 0.14 131 13001000 77(15) 103( 7) 65( 9) 51( 9)
1H-Indole-3-carboxaldehyde (32) 2.60 145 144(100) 116(34) 63(31) 89( 5)
3.23
Sulfonate
S-methyl methy! thiosulfonate (8) 1.71 126 81(100) 63(80) 126(76)

UIdentification was established in comparison with standard mass spectra or mass spectra reported previously (17-19).

INumber refers to Fig. 1.
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