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Abstract

It is well known that sunflower (SF) sprout has more beneficial effects than SF seed due to increased levels of
phytochemical components such as vitamins, total phenolics, and isoflavones during germination. This study investigated
the physicochemical properties and antioxidative activities of SF seed during both germination and cultivation. In a
proximate analysis, the water content of SF groat was 9.17% and then increased to 15.32% on the 11th day after seeding.
On a dry weight basis, crude fat content decreased while the contents of carbohydrates, crude protein, and crude ash
increased. As cultivation proceeded, the contents of minerals were in decreasing order of K, Mg, Ca, Na, Zn, Fe, Mn, and
Cu, in which SF sprout cultivated for 9 or 11 days contained the highest mineral contents. Though vitamin C was not
detected on SF groat, the content of vitamin C continuously increased up to the 5th day of cultivation and then decreased
gradually. Vitamin E content in SF groat was higher than that in SF sprout. It was also found that the vitamin E content in
SF sprout was the highest on the 5th day of cultivation. Daidzin was not detected in SF groat, but its concentration reached
a maximum on the 5th day of cultivation in SF sprouts. Furthermore, higher amounts of daidzein were observed on the 3rd,
5th, and 9th days of cultivation. The highest total isoflavone content was observed on either the 3rd or 5th day of cultivation.
The highest content of total phenolics was observed on the 5th of cultivation. When DPPH radical and peroxyl radical
scavenging activities of SF sprout were measured in order to measure antioxidant efficacy, it was found that 5 day-cultivated
SF sprout had the highest scavenging activities. In conclusion, SF sprout cultivated for 9 or 11 days was found to be a good
source of minerals. Furthermore, the fifth-day after seeding was the optimal time for the production of SF sprout with
effective natural antioxidant activity and high amounts of functional components such as vitamins, total phenolics, and
isoflavones.
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U0 A7 71541F AR AH7F 53 JTH(Woo 5 2007).

SRV | (Helianthus annuus) A<= A=A 2 o8 o]
A3 e FARF| L Jo 5 2002), 2Holal, HE QW E
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4. Vitamin &4
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USA)IA Ffsiict.



68 BEARLELEERE Vol 27,No. 1(2012)

5. Isoflavone £44
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3 tHRoh 2011).

l‘i

O@'

6. Total phenolic content £44

FZEE ZAI= Roh(2011)] WHo R st} siuielr] &
o] F ZW=EsHE-S Singleton 5(1999)9] WH-S WS
Cho 5(2008)°] o2 FAEIHL. FEES A8l &
2 1008 84 & 7} & A (1.0mL), 02N Folin-
Ciocalteu reagent 1.0 mLE 7}sle] Aol 3 7 WX
33, ¥3} Na,CO; £9(75g/L) 1.0 mLE Yo Zelx v
ME AHE e, ehaolA] AT RS T T
(2800 UV/VIS Spectrophotometer, UNICO, Dayton, OH,
USAYE ol-&3td 765 nmolX F3=5 S48t &
2 ¥ &3S gallic acid(Sigma Chemical Co. St. Louis,
MO, USA)E #A418te] 2dE 3 A7l tigiste] A
ZoRiTh
7. shlEEs £
9] DPPH(1,1-diphenyl-2-picrydrazyl) radicalol| )3t
=8 342 Blois(1958) 8™l Foto] WM WS
of sutetr] 4 wehE 3552 DPPH radicall T
g 275 ES WISt A EFEY 24 ol (Roh 2011),
HERE =2 500 s]Aste] 7t FE]# (0.2 mL)ol 0.1 mM
DPPH radical methanolic solutionS 3 mL 3 7}3H & EH)|
2= X2 7FEHA aakel ) 3037 A, ddollA] As
At ool E53=3=4](2800 UV/VIS Spectrophotometer,
UNICO, Dayton, OH, USA)E ©|-83} 517 nmolA &%

oot

A

=

715

]
EH
P‘L

T2 =243t 74 259 free radical 2AEAE TS
o] ALkAS Fale] YeRSIT

A
DPPH radical scavenging activity (%)=(1 - M) x100

control

SHH, peroxyl radicall thdt 2758 =4S DCHF

820

(Dihydrochlorofluoresin)®] & Y AAE 53t &4ksbzt
€ AE=E vLsl] peroxynitrite(ONOO ol TSt 4753
< H718IATHKo 2002). 219 FEFAH (2005)] AEF
7e] vitamin E A7 fla] ARSRE A2 WEE §9

FZNG AZ51L 96 well plate] 85 mM sodium phosphate
buffer 90 pL, peroxynitrite 100 uL, 5 Alg-8A 5L,
50 mM DCHF 2 uLE oA Al = it 2 & 4
<, oA 287 WX|3ke] spectrofluorometer(Biolumet
LB 9505, Berthold, Germany)2 ©]&3}% 3 excitation
485 nm>} emission 538 nmollA =4 Th 1 F 108 7+
Ao g &~A5e 448 =43l peroxyl radical 2759
3t FAI=% B WS} T Peroxynitrite?] 28-S T
AFAE Fate] YERHASL 211& (Inhibition(%))y A3
3H RHgslo] Wagko s 8lith. DCHFE A8k 7
o o]k AskE WA|sh] s e 22 ehaellA

= A

]

=

d

4y Ho o

Antioxidant activity of peroxynitrite (%)=% %100
CF=Control Fluorescenece

EF=Experimental Fluorescenece

8. SAIXZ

ZE 259 B4 A2+ SAS package(Version 9.1, NC.
USA)E o83ttt 7t A@+ 7He] oA A5 flstdd
ANOVAR #,HEAS silom, Au) L= bl {27t
A 2S Wl Duncan’s multiple range tests ©]-8-3fo] A}
FTHSE 5% el 48t

-

N, Az gl v

1. QbR 2AM 23}

dnlelr] o] UnbdRE 4 A3 <Table 1>3 2t}
TEEFe Mgk A9 AA FHL 9 6.06%A A6y 3,
5 7,9, N4xpe] & ke 27k 9.17, 12.72, 13.27,
14.45, 15.32%= Azt S7kete] Avd o g 3] AA F4
AMFEH F7Fete] Aul 3UXHTE Au] 1TLA7EA] 214
o 71 B th(p<0.05). Tolel]l o3t Jofie] g s}
71t o= AZA9 1P Ee] WPt FAIHER &
715 (Wet weight basis)®.th= 713715 (Dry weight basis)
aRAolgt & F k. A= AA A T
ol W] glom, YR TS AudSol ufet v
ste 22 A%riee] 2ok o AEs] Ui 4 Aok
Fetsiint. ool wet, sjutetr] Wol 3y Fo] YRR
HIE Agr|Foz w, wol A4rt Z/1E4E 24
froH o hashy gsks, ek, 23| 35
7Vele S Bk ol g A wWuHe AsE
H7}5F Lee & Kim(2008)2] Ao} 535k

R e O ol

T (o
(o

o ol ?\o

oX, rlo



<Table 1> Proximate composition of sunflower groat and sprout

(Dry weight basis)

Component (%o)

Sample 5 . —

Moisture Carbohydrate Crude protein Crude lipid Crude ash

SF" groat 6.06£0.26" 14.48+0.96° 22.57+0.62° 52.00+0.76° 4.75+0.02¢

3 day-SF sprout 9.17+0.09° 14.99:+0.24¢ 22.81+0.16° 48.98+0.05° 5.1240.03°
5 day-SF sprout 12.72+0.30° 32.03+0.78¢ 23.09+0.23° 26.86£0.64° 5.300.11°
7 day-SF sprout 13.27+0.16° 41.59+0.44° 24.71£027° 14.20+0.37¢ 6.23£0.03°
9 day-SF sprout 14.45+0.45" 43.31+0.26° 26.62+0.25° 9.14+0.26° 6.48+0.32°
11 day-SF sprout 15.32+0.41° 44.45+043° 27.15+0.26* 6.31+0.42" 6.78+0.21%

DSF means sunflower.

DValues in different letters among sunflower sprouts in the same column are significantly different (p<0.05).

Data are presented as mean+SD.

<Table 2> Content of mineral in sunflower groat and sprout

(Dry weight basis)

Mineral (mg/100 g)

Sample
Mg Ca Na K Fe Cu Zn Mn
SF" groat 42727+0.54? 185.80+4.83°  1.26+0.50¢  925.83£7.52°  9.88£1.16° 3.59x0.10¢ 10.96£0.61° 8.94+0.25°
3 day-SF sprout ~ 42545£9.37° 167.70£2.63°  895+1.01° 1067.17+5.01¢  9.82+0.14* 4.37+0.09° 13.36+3.10° 8.73+0.16"
5 day-SF sprout ~ 41238£14.33° 155.05£18.78° 24.61£1.54° 1198.94+24.70° 9.82+0.30* 3.89+0.30¢ 11.61£0.19* 7.97+0.18
7 day-SF sprout ~ 491.07+33.91° 198.71+2.67°  17.99£1.39° 1395.68+67.19° 10.37+0.70* 5.15+0.19* 13.85+0.90° 8.83+0.14°
9 day-SF sprout  525.02+£3.33% 23447+249°  18.53t1.03" 1561.15+40.53% 11.48+022* 5.59+£0.15° 19.11+4.89°  9.00+0.20%
11 day-SF sprout  527.64+8.96° 227.56£5.57°  2547£1.53% 1615.64£2621° 13.90£6.39° 5.49+0.12* 12.99£029"  9.06+0.29°
USF means sunflower.
DValues in different letters among sunflower sprouts in the same column are significantly different (p<0.05).
Data are presented as mean+SD.
2. 2U1A xgut gtek 2 At 91 zte]7} QAT Cu, Zn, Mn2] 7% 74z} 3.59~5.59,
utalr) R A z2AF ks =4 A 10.96~19.11, 7.97~9.06 mg/100 g = eI, S A] Afu)
2k
]
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o oJojA Mg>Ca>Na>Zn>Fe>Mn>Cue] 402 &5}
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2 A UEPo ™ K= 925.83~1615.17mg/100 g2 180.90
mg/100gell Hlal w9~ A btk 53] Al 9, 1193}l
A ol 7P A vkt A Al 3YAtl= o
o Bzt Aul 5LAE AlQlstaie A A7t Ars
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ERAAL Al 9, 119AFNA 7P =2 Shge] vehsdth.

n) e 2714 F Fed Lee(1999)2] AT7Z2#2 3.63 my
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<Figure 1> Comparison of vitamin C content in sunflower groat
and sprout.

Each bar represent the mean+SD. Bars with different capital letters
among sunflower (SF) sprouts including SF groat, and different
small letters among SF sprouts are significantly different by Duncan
multiple range test, respectively (S: SF groat; 3D: 3 day-SF sprout;
5D: 5 day-SF sprout; 7D: 7 day-SF sprout; 9D: 9 day-SF sprout;
11D: 11 day-SF sprout; ND: Not detected. Data is on the dry weight
basis).

9] shetedr] ol F& 7714 Lol B 5 9 e

2 I

3. Vitamin &2f 2A ZA1}

#H3] AA sivkbr] 4 2] AU vitamin C
ZHB= <Figure 1>3 72t} sfulely] 43 & 2|3 )
vketz] & 7kl vitamin CO] 3 WSt Anj 5U ARl A
7V =4 deiger, S4 593t o]9e] thE suletr]
A Fo) el Zo]7} AATHP<0.05). =4 A3 43 A
A aulel7] S vitamin C= EA13HA] ko, wol
4 F AAE vitamin C2| TS AL 3U3} 13.79
mg/100 g, 592} 20.10 mg/100 g,79 2} 15.94 mg/100 g, 92
2} 15.54 mg/100 g, 1193} 14.17 mg/100 g& E2 N A=
A 29 vitamin C7} WolslAA Frksieh Al 59}
20.10 mg/100 g2 71 =& kS BATH A 5U3} o]
S Al 79, 9UAE, 11904 vitamin C FHEFo] HA}
Ao, AuYTERE o4 zjolE Kol eksk
Al 5Y=} vitamin C2] $HgFO] Lee(1999)2] A2 3<]
5.90 mg/100 Bt =A] JERSTE.

A2 WolrFe] shl T A=Al vitamin C 3
S B3 ATES B, 98 F Tl FrEo] A &
U vitamin C7F Wolr] = A= o} 59U o] Fol=
2 ghgo] Al ske A BoFaL ATh(Liu 1997).
sutelr] A FuEe] oA A" FAdd EAISHA] U
vitamin C7} o} 34 F A=) F7kekar 94 717 o]+

ol vl adivhe Aol AR 232 Uerioit.
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<Figure 2> Comparison of vitamin E content in sunflower groat and
sprout.

Each bar represent the mean+SD. Bars with different capital letters
among sunflower (SF) sprouts including SF groat, and different
small letters among SF sprouts are significantly different by Duncan
multiple range test, respectively (S: SF groat; 3D: 3 day-SF sprout;
5D: 5 day-SF sprout; 7D: 7 day-SF sprout; 9D: 9 day-SF sprout;
11D: 11 day-SF sprout. Data is on the dry weight basis).

g, 287921 vitamin Ex= A W AlEHe)] T2 EA
st g de] g AAle] skl RA QIAE, T
A, 328, 94284 5 7% EdUAN FESsH 3o
SFELE (Kalanithi 5 2007) & AF-lX = sjuketr] #a] A
A 4 2 suelr] &) vitamin E -8 241810} 8l
vigbr] S Aol we sfuletr] 2] vitamin E 9
Ft WstE <Figure 2>0] YERAITE #3] AlA sfjuier]
FAoME g 36.42mg/100 g, Aul 3L} A 13.08 mg/
100 g, ¥ 5¥=2F 29.65mg/100g, A¥l 7L} 7.96 mg/
100 g, ¥ 9¥=A} 277 mg/100g, Al 11L=} 3.03 mg/
100g% SAEJet. siulebr] Auvt ] AA FHAAM
ooz v Be g vitamin E7F FHEO] glloH,
autelr] ARkS Blas| BotS o, Au) 5UeIA] vitamin
Este] fojH o A SAEAT. 2L Al 33k}
TUAIME thd =A YEFTE. Yoshida 5(1974) tiF
o] "ol Sl vl (Cotyledon)Z 1S (Hypocotyl )l A=
Tocopherol®] &o] 714% 3, <3 (HullelM e S7Hth=
AL BTt Azl FAF] sl tiFrt wotat
A FollM FARG &, &, FuElA Tocopherol®] 33
o] Hadths A2 & Aol fAlsIITH

4. Isoflavone =44 Z1}

Isoflavone®] 3}8H4] efell whel 127€] F=A7F A8}
), ¥ 2o E Cho 5(2008)2] 179l w2} isoflavone
o 12N F=A F AEHA &= FES AL daidzin
F daidzeint+e] =S $41519Th<Table 3>, AuiIdE =2



<Table 3> Isoflavone contents in sunflower groat and sprout
(Dry weight basis)

Isoflavone content

Sample Daidzin content Daidzein content
(ng/g) (ng/g)
SFY groat ND?M 164.84+1.5°
3 day-SF sprout 21.48+11.18° 1525.89+52.32°
5 day-SF sprout 90.76+37.29° 929.63+43.66°
7 day-SF sprout 20.22+14.17° 785.04+26.63°
9 day-SF sprout 17.06+1.47° 913.86+15.05°
11 day-SF sprout ND 549.75+9.08¢

DSF means sunflower.

IND: Not detected.

9Values in different letters among sunflower sprouts in the same
column are significantly different (p<0.05).

Data are presented as mean+SD.

isoflavone %= daidzin®] &% ZAx= Iy A|A si=lglr] =
Aol|A daidzin® EAIBHA] koL, wol A F A
o] o} & daidzin®] S-S Al 3L 3} 21.48 pg/g, Al
5942k 90.76 pg/g= A F7FslthzL, Au) 7TUAREE THA
Aaate] 20.22 pg/g, AMl 9YAF 17.06 pg/gS JERISIAL,
Al 1192kl e SAANAE daidzin HEEA] 49kt
Al sLalA 7Y e dHERS YERAL, ThE Ellble]
A3} ol 2po)E HATHp<0.05). Cho 5(2008)2] <7<}
Hlaws & o, sfulebr] S4ell= daidzino] EAISHA] S
te A% 5943 475 vebi o 647k Anigt siaket
7] AeA9] daidzin $go] F7FeE 2 AFeF AR A3
£ YeRUT) Daidzein®] 7%, 2 AA sinlglr] 4
of EASHA] %W daidzint D] 164.84 pg/g= EANEISA
3L, ol ¥ M} daidzein®] FEFol F7E, AWl 3¥9ak
1525.89 pg/g w5~ =LA S7Feted, Aul 5YAF 929.63 pg/g,
Al 793} 785.04 pg/g, Au 9YA}F 913.86 pg/g, AHH 11
AA} 549.75 pg/g= SAEJTE TH Lo R Sl
daidzeino] HolshAX F7Fstct Al 3UztlA 7P =2
SHFel 1525.89 pg/g® 4 o] e Al et folF
ztolE B A SYXHFE daidzein®] o] 7HAEH
ok Al 5, 7Y, 9elAE A9l v S JERSL
I, A 11gelA 7P A2 oFo] SA = A th<Table 3>.
Cho 5(2008)2] 1ol ME, afulelr] E2olX daidzein 3
ol VJERIA] gkol zto]lE B o, 6 At snketr]
&2 ZFAo) HIF isoflavone o] S7IeRe E A4}
o} ARSI}, B Ao daidzein®] 73-¢- divlElr] 2 =
Al 3URIANA 7S 2 S UERHUAL, Al 53
ME F2 TS JERIA S B R isoflavonet HHE 413
o oM daidzin?} daidzein =7 3t e A 3,
597 HA ] AL R AR E T

Choi(2004)] Aol M=, s thF2] isoflavoned &
£ daidzin®] 739~ 108.87 pg/g, daidzein®] 73-%- 11.27 pg/g

sttty | 4ol SHEY 71

2 Bsigith 2 A9 sjullr] 2 Al sgaiet des
Hlwsl] Boke ul, sinletr] 22 daidzine 90.76 ng/gS-=
ghgo] ot Agkot Aol fARIATH TS =, daidzein
o] 739 929.63 pg/g= V53| EUTE F isoflavone®] &
oflA thF= 2,053.54 pg/g 2 dnlE] AHte = 5o
2 AFEEW(Cho & 2008), sllutelr] #ell d-FEo] A=
isoflavone = daidzinZ} daidzeinS 52 FAFSHAL T
FHsH FrElo] o] FThy(Castelo-Branco & Hidalgo
2011; Taku 5 2011) oy 2 HE&AA FFH(Cano &
2010) ool & il tiFe FSshe AEE 715e 7t
A3 Ye Aoz ALEHL

5. Total Phenolic Content £A4 Z1}

F 2 gstzalel w2, A ksl A3 357 A
A3 date] EAS Foled Fo] vy HyEW
A (Huang 5 1992), °]ofl thak A7} 3] z13)x|oj=] 2
AL FHA3} A aofM HAetekE el Wolais 371K
IFOZ o] HEN], Z2juE, JRE o5 By

Atk 53], A& dksks 33ES T2 ZETEE
Eoln AARISHAZA 9 750l & LEA UL, ol
F 2450 AEgA S et deARA HAERS
gaksl 245 Uehle E2S rdsla Zods Alx
| oheFst Zheo|A] o] FAA] AL JIth(Kim & 2007).
sulelr] #e] F sl ko] Aal= <Figure 3>of UE}
Uiglet. siulelr] Aol & vl ke 243 Aaks 3] A
A AL o 14mg100g, AL 3, 5, 7, 9, 1L}
Z}7} 1.6mg/100 g, 23 mg/100 g, 2.1 mg/100 g, 1.9 mg/100 g,
1.8 mg/100 g2 FolH 02 zto]7F AN M (p<0.05), AE 5
Aol A autetr] #e] F ' o] #A SA AL
Cho 5(2008)2] A+Z23}, & H=g=rS 4 1.06 mg/g, 3l
vl2t7] & 3.60 mg/gl = UERSTE olefst A=, AY
o] Azt =2 FFS YeRIEH, ol AR alfvlet
7] W& 5 ks 38HErY, sEell skl Afulsted
3, AP Wo) Sl LellA Mgk Azks g Wo)
e oA Aplshs 5 & Aele Zol7t AUk

<Figure 3>9|4 & 5 QI%ol, Aful 5U=} sfutetr] -2
= & gl foldoz =4 YERY Chen & Yen(2007)
o] AtellA] Harst ul, d4ksl, Ak o] okt e
S 7 sy SEER 7R 25 FleE AlsdEn)

oo

N

6. Bilsts 21 T

3 AA shitel] S5 ARLE spelel] B 5
£< 53l DPPH radicaldll tgh 2A5E-S vl 543 4
= <Figure 4>} 22tk DPPH radicalol that &71%582
) AA FA 6.67%, A 3URE 20.64%, 5=} 29.80%,
73} 21.47%, 9U3} 20.59%, YZR= 20.17%= AH=H A
I, A 5YR7F 29.80%E AMUF F felFew sy
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<Figure 3> Total phenolic content in sunflower groat and sprout.
Each bar represent the mean+SD. Bars with different capital letters
among sunflower (SF) sprouts including SF groat, and different
small letters among SF sprouts are significantly different by Duncan
multiple range test, respectively (S: SF groat; 3D: 3 day-SF sprout;
5D: 5 day-SF sprout; 7D: 7 day-SF sprout; 9D: 9 day-SF sprout;
11D: 11 day-SF sprout; TPC : Total phenolic content).

=7 A YO (p<0.05), I TFE-Oo 2 =2 AL
£ ALg UA] tE AdrE £33 2polE HolA|
ottt e, T4 7P B AATEES e

A RISA R ofr] & 4HZ] vitamin C&} BIWEIAS
Z$-oll =, vitamin C 50 pg/mL & wj, DPPH radical®ll tH
g 2ATEE 30.32%% 2 A A 5L} sukEt] %
o] A1 29.80%2} FAFSHAl LFEREO L, frold zlel= @l

Nom, o AuAxe] afuter] #e] LATHETE f
ooz #A vehsitt

Free radicak2 4ks} o] AdeAlox F835F 1=
z2hg-sh, Q1A W A, Tl 53 Agete] A =3t
£ do7|= EdolH, AfaH S AAsH] f3 HdE
of thgh A7t A BAjLel O]TOV]J— +=dl(Kang &
2001), siulel7] A FE2E2] F dE IF<Figure 3> 2
DPPH radical 32 2~7%58S &838t] S 2= 7]
S AARE LnRpEe] D o8 F UEE 2 &
E85E Jidsk= Mok sHlTh

DPPH radicals ©]-83+ ibst 542 1 B4} 304
FAE Fo8] F= THSE nonradicalsS YT - Qe
HHH | peroxyl radical 227 8 242, siulelr] FA o
Aol $H-% vitamin E7} peroxyl radicaliFS % trapping
g & e A8A 4k (Halliwell & Gutteridge 1999)
2= Aol 2A3F non-radicalsell £3k= reactive nitrogen
speices(RNS)E =743+ Zo|=& DPPH radical 22458 2
e FHo] BE radicals SAHsk= Aol7] wjEd,
peroxyl radical 2275H-& AT

3] A A sfuiebr] A AL sinier] & F=

A
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£ 3
o
c b
=
G
o

[T
% S 15
g F
o
g 1
= c
a
o
o 5

% |Sitaminc
vitamin s 3D 5D D 9 11D
50ppm
[mpsa| 32.12 6.67 20.64 29.8 2147 | 2059 | 2017

<Figure 4> Comparison of DPPH radical scavenging activity of
sunflower groat and sprout.

Each bar represent the mean+SD. Bars with different capital letters
among sunflower (SF) sprouts including SF groat, and different
small letters among SF sprouts are significantly different by Duncan
multiple range test, respectively (S: SF groat; 3D: 3 day-SF sprout;
5D: 5 day-SF sprout; 7D: 7 day-SF sprout; 9D: 9 day-SF sprout;
11D: 11 day-SF sprout; DSA: DPPH radical scavenging activity).
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<Figure 5> Changes of peroxyl radical scavenging activity of sun-
flower groat and sprout.

Each bar represent the mean+SD. Bars with different capital letters
among sunflower (SF) sprouts including SF groat, and different
small letters among SF sprouts are significantly different by Duncan
multiple range test, respectively (S: SF groat; 3D: 3 day-SF sprout;
5D: 5 day-SF sprout; 7D: 7 day-SF sprout; 9D: 9 day-SF sprout;
11D: 11 day-SF sprout; PSA: Peroxyl radical scavenging activity).

B2 530 peroxyl radicalell thsh A58 23 A~
<F1gure 5>¢F 74t} sfulelr] R 9F Aol vitamin E% 3;.
313l Q1O 2 Z <Figure 2>, °|2 EUE 313} 84 &
eroxyl radical®] AFslE oAk TS =45} ,3\1:}‘ ?75
A3, #u AA sinker] T 94.64%, AW 39k
87.73%, 5Y=2} 93.66%, T4}t 92.74%, 9L =} 92.07%, 11

i

om -



A3= 86.24%% AHEE AT} Peroxyl radicalell thgh 47
sl sl 2+ A afulelr] A FEE FolA A9 A
A AT 59NN 7P =2 AES BYloH F4, A
v 52k, 794}, 9dAtoM = fFolF zlel7t I eH, A
&0 90%elFo = FA e, Al 39akel 1193+=
ol v 2] A et f-24 ZfolE B AR TH(p<0.05),
85%°1de] w2 &S vellh =, 7+ ApjgE sibt
2}7] B FEE BTl 85% ©1/d9] peroxyl radical 427
Y& Belvke AS & JUTh

Peroxyl radical®] 22452 71X vitamin E= 5=2] *&
Abstol] Slo] 7P S ek wojate|th. ZE|al i HEESHA|
WAHPUFAYS =8]2 02 PESIA7IH, 28411 AJA o)
Z23+= linoleic acid®} 2 n-6 A4 thall chain
breaking antioxidantZ2A] 2881, A A|HPAE A9l =
gk A3t oA vE-She ez E T 4 wEA 2F
peroxyl radical A AsH7] wol] T2 XA AtslE #|gh
b ko), T3k @312 2l hydroperoxyl radical scavenger
2 Az ItslEHE 2531, low density lipoprotein
(LDL)ell &Jsle] gubs]y glom = [DLAFS oAe) 713
& 988 st} =, vitamin E= Al E o) 2R 5PAA A
TE s FRE e SEARNH A7) A
S HARS thAlsl] WA Abstelo] AAERE 2538}
Al Boe] Fv ALY st 229 AdS vk
(Halliwell & Gutteridge 1999). ©]2]3t &4ts} H]glTle
Ag o F5 Ago] glom v §HoREE gz o]
7] w2 2oz e Agke] o] wlg- oozt &
& AtkPark 2002).

V. 8oF gl Z&

auletr] Aol YukdE A oA, 2 ) AA
TAY W 9.2%elA] Al 1193k 15.3%2 2 71813
a1, sfuketr] el I F A A SRS % 7
TOFE A fojF o R Fhastal, vershE, 2 2
3] e SUteke A4S Uehich

F71de Avrd oz Aujdrt S7HdGE digo] Eof
Hom, 53] K, Mg, Cas] 3ol =4 Yepsttt. o]ojA]
Na>Zn>Fe>Mn>Cu2| 0|3t} #7138 o] =& oF
Azt v 23S v, Ca, NaZS #A|9]3F thrRo] F7]1do] %=
FAHRT O 22 3RS UERY] sfinklr] o] g5k T
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9, 11¥o] & ASE Alg¥Th

Vitamin Ci= Ao EAISHK] &okont wol 34 5
A =0 ol & A} Frhsiet Aful 5YA}el] 20.10 mg/
100 g2 HUIXE Holal, 1 o]Fof= 743l t}. Vitamin
Ex afivtelr] #ro k3] AA FHodA 36.42 mg/100 g
2 o 52 IS 2o, sivlelr] ARkS vlawsl] 2o

siiufaty| Mol FHEEY T3

< of, A 5YAtlIA] vitamin E ] 29.65 mg/100 g=
Feld oz =4 SEUTE o|HH Aw) 5L} suietr]
Ao HAASA| 0l vitamin C&} vitamin E $HEFo] =7
e T

T HEdEE sulb] Aol A AA SHETE =
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S 543 Daidzin®l 75, siuketr] Sddle S
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