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Abstract

Antioxidative activities, total phenolic compounds and the sulforaphane contents of cooked broccoli extracts were
studied. Total phenolic compounds were determined to be 0.96 mg/g(flower) and 0.76 mg/g(stem) in fresh broccoli extracts.
The total phenolic compounds of cooked broccoli extracts showed 0.92 (1 min), 0.79 (3 min), 0.67 (10 min) mg/g when
a boiling process was used and 1.27 (1 min) mg/g when a steaming process was used. In the DPPH assay, the steam
process showed the highest free radical scavenging capacities. Sulforaphane has been of increasing interest in the
nutraceutical and phamaceutical industries due to its anti-cancer effect. Sulforaphane was isolated from fresh and boiled,
steamed broccoli using dichloromethane as an extract solvent. The sulforaphane contents of fresh broccoli were higher
in the flower (14.78 mg/kg) than in the stem (6.16 mg/kg). The sulforaphane content dramatically decreased &fter the

boiling (100+27C) or steaming (100+2TC) processes were used.
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1. XM=

BEIEs A 47 HItEC A FdeiA ARS-3kala,
Folin-Ciocateu's A 2F2} DPPH(2,2-diphenyl-1-picryl hydrazyl)
2 sulforaphane 35 A2 Sigma-Aldrich Chemical Co.(St.
Louis, MO, USA)ol|l A Fdste] ARE-8F31TE. Solid-phase ex-
traction(SPE) &l A-8-F Supelclean LC-Si SPE Tubes®
Supelco Incoll Al F-d3ke] ARS8t 717134 Al ARE-H
ZE &vl= HPLC gradeE A}E-3FYTh

2. & Wz BT} DPPH A2 93t 52 Hx

nEgelo) A5 5Y RS BHE] $istel ARt

Z(flower) T} Z7](stem) 295 AHE-3113, = E(bailing)
7} 2Bl(team)Z2)E 2] A7HE 771, 3 2 10802 A

gsle] £ RS Ak&okﬁ FEES AxsA AR oF
10 goll 25 mL&] AR 7}3te] 35CollA 1417 F2F sonica
tiongh ¥ 34k T WL, ohA] 26 mL AEE-S Wi 35T
oA 1 A7+ F<t sonicationdFo] 12} FE31aL A=
o|-gsl FEAE Al FUTh A & Fe FFEA
10 mL9] o ehe-S 7lste] BUS WO Z 23} 58 59
i, HF F2EY ¥5E 10 ¢/50 mL oleke 2 A FU

o} B4 A & 8§92 045 #m membrane filter S o] &3}

of of3} F A8,

v23e9 F % g% 242 Foin-Ciocdteu's A 2KSig-
ma Aldrich, Inc, St. Louis, USA)o] F&E9] #l=4 33
o oJ3l =] EBEl FHoz s A& o] &
&) =5t (Park et al 2005). 05 mLe] 7} 2{d 2%

£S5 5 mL-OJ Z550] 3AA)7]aL, 05 mLe] Folin-Ciocal-
teu's A9k 718te] Aol A 3T WAAIZ &, 1 mLe] 1N
Na,CO; -85 7Fetar ThA] 2ol A] 1 AJ7F E<t incubation
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3 %I} UV-visible spectrophotometer(UV-1700, Shimadzu,
Kyoto, Japan)E ©]-&-3ste] 725 nmell A F35=E 57433t

EFEZ2Z gdlic add(Sigma-Aldrich, Inc)S AFE3ke] y=
0.2765x —0.2773(y=absorbance, x=gallic acid®] ¥%, r’=0.99)
oNA Agste] HiFstlar, 23] whEste] Hdd gog o
ERlth &5 F e §F2 FEE 19 9 mg
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Test tubeol] 0.15 mL¢] = (10 g/50 mL o|eke- -gol)
7} 1.85 mLo) oere 2 25 mLo] DPPH ol g -&9(1.5x
10'M)S 71ste} 2% WHe §9o] 45 mL7} HEE 319
th o]E TS| UBAZ|AL AF2llA 30 <t WA
& UV-visible spectrophotometer (UV-1700, Shimadzu, Kyo-
to, Japan) & ©]-8-3te] 517 nmellA| FEEE ST =
gate] Aozl A= iz (control; ethanol)ol] gk 47
FE(RSC, %)°o. 2 et Jang et al 2006). A3 A=
BA2)9] Bk}t SAS program(statistical analysis system,
ver 9.01)¢] andysis of variance(ANOVA) 2 duncan's multiple
E3)] £24(95%, p<0.05)<S AR5t

24
=]
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Free radica scavenging capacity(RSC, %) = [(B—A)/B]*100
A: the absorbance of sample
B: the absorbance of control
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Sulforaphane ¥&A)19kS 1 mgmL o) 57} &2 A%
gk %, o] B|X3te] HFE=r} 212} 5, 10, 25, 50, 100 L7}
HEE At HPLC l"f:*i% Ea) ¥3F FX(cdibration
curve) S 4& F AP BF &Y A Xd= HPLC grade?]
acetonitriles AF&-3}3ith
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Azttt 28-S o] &g 2 A, A i(100+2 )< o] &
st 7tE xEste] AE5E A= e %(1oo+2 )ol
A 248 dolle B9 o 250 mLE AAEQa, BES
7t 502 s WEF ¢ & xS /\]630}911:}
% 22 A7Ee Zb7t 1, 3 2 108o 2 HYste] Aasigdt).
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thane®. 2 nlg] A3} A7 EL& LC-S columnol] loadings)
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cartridgeol] 25 mLe] HE(FE &) FYUsl FE2H
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mar et al 2007).
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8. HPLCO|| 2|5t sulforaphane &tzke| Mzb 2A

AlE 2] sulforaphane & 412 SPI30D dud pump 2
UV730 7ZZ7](Young-Lin Instrument Co., Ltd)7} &2+5] o]
= high performance liquid chromatography(HPLC)2} Nova
Pak® C18 60A 4 m (3.9x150 mm I.d., Waters, Milford, Ire-
land) columns- F3ll E4S Alg3lAa, S8 EE 254 nmE
AR F3Ah

g o]ZAe 7%V &2 EH acetonitrilewaterS 7]
20: 80(viv) HI&=E AZsle] 102 5<F 60: 40 HISE Bl
E% 2hele TEFE ¥ 12804 152714 100:0 HIE&E,

Bl THA] 271 3E) 20: 80 HIEE frAI5HA e, flow

raes= 1 mL/mine. 2 §-X3ld SHFch 224 Al column
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al 2006).
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2o} HwA seEo]l @Al o AwAte] HeA 55
E2 ASEHAAY, Aol sl M=2E FlE shehEe] A
A= 7] wolet BZtEtHLee et a 2006).

sotAloh kT EE

Table 1. Total phenol contents (mg/g) of cooked bro-
ccoli extracts

Total phenol compounds

(mg/g extract)
Flower 0.96+0.19”
Fresh
Stem 0.760.06
1 min 0.92+0.64
Bailing 3 min 0.79+0.36
(flower)
10 min 0.67+0.42
1 min 1.27+0.03
Steam 3 min 1.08+0.29
(flower)
10 min 1.06:0.01

Y MeantSD.(n=2).

2. DPPH 2{|Z & =53

ksl 28-S 4317 $18ked DPPH(2,2-diphenyl-1-picryl
hydrazyl) 2}t]Z(radical)o] =0 &7 ez A&
.J_o;]al-o ib’ﬂ DPPH gou X}xﬂ,] x}/nﬂ/gg | 0} *—T}‘é%
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ol o3t =3} 912%1 92 A ks AAA7E A=
o]- 8 tHLee et al 2004).

Ha32ee] 3o J8u 2y 2708 gz A4 5
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22¢ 3= &Y DPPH &35 H7lete] 307 Bt v&
g £ RSC(%) &= YEIHE A B2F 2] RSC(%)

& ZX(flower) 3} g7](stem) 29 247} 15969 13.45%%
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4= AHFig. 1). ZE] Z79 RSC(%) w2 AR W(Fig.

BE E oﬂ*i Z23 79 RSCate x| Alzte] Aadr
Holn 14.91%0) 4 585%7tA & o] ﬂ%;}
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3. HPLCO|| 2|8t Sulforaphane &l2F £Ad

1) Sulforaphane & =M

B2 39| sulforaphane TS ZA3H7] $ste] aul-
foraphane 3] 2K(Sigma-Aldrich Chemical Co.)2- ©]-8-3}
EZF AT (cdibration curve)S A3tk Sulforaphane
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FFEAGE 1 mgmLe) T2 HEE AR F, B2,

10, 25, 50, 100 x£L)Z 3]413k] HPLC =42 AA|8}%it)

747 T2 5o & f9S HPLC #1418 Bslo] de A
o] AL y=3547x-3.7060] 121, r’=0.992 e

o.

2) M 2=2Z2|9| Sulforaphane &2

o]d AT HI(Kim et al 1997)¢] W= H=Z g9
sulforgphane 3~ #5H, A GHE g T3t zlo]E
ERdtka B aEo] 9ok Sulforaphanes myrosinase?] #-&
o &Ja A= 7] wioll, ¢3] vifgk BEEEE A2l
AGAI7F Wx5k] myrosinase”} glucosinolateol] F#3] 2}

20

15 - b

10

Flower Stem

Fg. 1. 2,2-diphenyl-1-picryl-hydrazyl(DPPH) radica scaven-
ging capacity of fresh broccoli extracts.
3 Means with different Ietters on bars are significantly different
a p<0.05.

35 +

30 A b b

25 +

1 i
20 - 1min
a H 3min
15 4 F

b B10min
10

Boiling (flower) Steam (flower)

FHg. 2. 2,2-diphenyl-1-picryl-hydrazyl(DPPH) radical scaven-
ging capacity of cooked broccoli extracts.
¢ Means with different letters on bars are significantly different
a p<0.05.
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83l sulforaphanec] |ttt BHHES sPAME A E3)
7} dojuA] = sl= Aol T 23, Kawakishi & Na-
miki(1969)2] Aol 2Js}H, isothiocyanatese =20l W
A wol] A3 B, 1 3l Sre dA7Y TR
o] W} thacky Husta QU SPE WS Eale] A B
2P Z5H sulforgphanes &3 W &
9} Fig. 3o YERSTE BE2FE)E 7143 Z(flower) T
H| 7}23e] Z7)(stem)E U] sulforaphane $F-3- vl
a3 Ay}, o Ao AHgE B2 5 sulforaphane
o] 21802 AL8E = 2 F9oE 14.78 mgkg, 7] H-¢)
o= 6.16 mgkgo.2 ZAEtHTable 2). o]dl] Algos F
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Table 2. Sulforaphane content(mg/kg) of cooked broccoli
extracts

Time (min) Content (mg/kg)
Hower 14.78+0.08
Fresh
Stem 6.16+0.25
1 nd®
Boiling
(flower) 3 nd
10 nd
1 13.86+0.23”
Seam 3 1.74+0.04
(flower)
10 nd
Y nd: Not detect.
? Mean+S.D.(n=2).
- Sulforaphane std. (A)
] ©)
m: /Sulfnraphane

Fg. 3. HPLC chromatogram of sulforaphane standard(A)
and fresh broccoli extract(B).
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