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Antioxidant Profiles of Extracts
from Sargassum sagamianum

Sun-hee Cho

Department of Food Science and Technology,

Graduate School, Pukyong National University

Abstract

In this study, the antioxidant activities of chloroform,
ethanol, and water extracts from brown algae, Sargassum
sagamianum were evaluated by various antioxidant assay,
such as TBARS (thiobarbituric acid reactive substances),
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging,
chelating effect, reducing power and total polyphenol
compounds. Total phenolic compounds contained 33.2, 127.4
and 27.2 mg/g in chloroform, ethanol and water extracts,
respectively. TBARS and DPPH radical scavenging of these
extracts were compared to them of standard antioxidants
such as tert-butylhydroxytoluene (BHT), a-tocopherol and
ascorbic acid. Both of chloroform and ethanol extracts from
Sargassum sagamianum have showed a strong antioxidant

activities. Each 10 mg/mL of chloroform and ethanol



extracts were inhibited effectively 90.9% and 80.9% in
TBARS assay system. The scavenging abilities in the
chloroform, ethanol and water extracts of Sargassum
sagamianum on DPPH radical were 96.8%, 95.6% and 100%
at 5 mg/mL, respectively, which were greater than them of
BHT, a-tocopherol and ascorbic acid at the same
concentration. The chelating effect of chloroform extract
from Sargassum sagamianum on ferrous ions was 74.2% at
10 mg/mL that was higher than them of other solvent
extracts. Ethanol extract of Sargassum sagamianum at 10
mg/mL was shown a high reducing power which was much
the same that of ascorbic acid. As a result of this
experiment, it is indicated that Sargassum sagamianum is
possible to use as a antioxidant material for functional
foods. Ethanol extract of Sargassum sagamianum was
purified by silica gel chromatography. Ethyl acetate-soluble
acidic fraction was shown a strong antioxidant ability than
them of others. Ethyl acetate-soluble acidic fraction was
injected into reverse phase Ci;s column using HPLC and
obtained three main peaks. When compared antioxidant
ability of three fractions, fraction 2 was shown the highest
ability than that of others. Fraction 2 was analyzed by
GC-Mass spectrum. The result was shown that fraction was

contained one compound but not identified.
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AFY 7 2 AR Tl dojvis XA Atshe AFEdd oA
olF o LAY, WA A FFrto] A Foz st AFe A
& A3AZ ErE ot} Abstel s AAHE ZHE A AP E
2 54< 7T Yo dolvt FHAE € w385 doKYagi,
1987). 53] Free radical A £4< DNA, RNA, @, #3
T Wt MEU 2o &S fasle Al o] Y
AaAA I 2 590 59 AEIT FoE fste 5 A
o &g9&S 7]t Bomzon et. al,, 2001). o]& 9AE7] Y& 3
AstA B A7t 2 HARE AFPso] YrHVinson and
Hontz, 1984). 32134l ¥ free radical =2 A9 peroxy
radicaloll 44 Az FAAE Zgste] vy IFEZ A4
Aoz AlE JABtE Btz 2AAZT dEFHol a1 9 7]
4 5 AAA, BAEE EAAYd A Sog UE 5 ok
TEE 4 e A9 s EFo] saEoe] gov}, o asle}
BA wEo AAZ o] ARHI e AL FA FAsAIEA
tert-butylhydroxytoluene(BHT), tert-butylhydrxyanisol(BHA),
tert-butylhydroquinone(TBHQ) 5 ©] At Z2ejv} &4 FitsAl=
2 a3 HoAYARE AW F5 £ IR 5AHE 2L gy
AAA E 2 B4 H o, et. al, 1983) 7+ BlUF, 7 F
microsomal enzyme activity”7} S7}staL, 3, A% @ A7) x32 9]
He A9l S F2A] 7] =(Branen, 1975) 59 StAA FA 7} A7)
HHA dAdGAs A digk Fo] AFA viFE Aok dA A
&5E Hd FistA| 2+ tocopherol, flavone f-%4], sesamol,



gossypol, @A 7+ EfE 2 47 Fi8 Fo] RuF o] X
T @502 E AFHRE AR FYo] doni(Halliwell, et. al.,
1988) A Al AH&E 3 = A2 tocopherol FE 0] A% tocopherol
E T2 FACRE 280 Jom(Corl, 1974) 714 o] H|AIT}, o]
FAbst a9t oA <tAsta AAFH A&/ HA FarE
AE MLz gt B 77 SR 3 ok
AxF= AAASZE o 8,000Fc] &HA e, St 28
AME o 6004 Fo] ¢#HA Jov(Lee and Kang, 1986) 1 =
60~70 FL& 2&& o]&3ta A zALdFAS, 1987). HEF
= Aty ow oAy 2] o] vt BlalE ol gako] o
o ZE, QRE Za T 4% TGRS HEW A C 59 8]
st 53 ZxH7F ke O3RE tiREREol 4k
laminaran 2 fucoidan T2E TFAHO] UK 7HE o] &3
1994). H< H=R/Y dFHEC] /e iﬁﬂ—’lEﬂi Asta s, A]
45 o, A3 A 9 Ag 4] ks AFEo] TR Y
Ao, =3 A2 RE Py DS FE3uA e =FLS
1990t} 2¥HE o] FolA(Park et al., 1991) &vis} F&9hyL
gejsto] A48 (Lee et al, 1996), A2 ZHl, £, A7 2a}
BE, =9, AFoly], A5, dYFE 59 e adE 4% 4
T(Lee et al., 1996; Kim et al., 2004; Ahn et al., 2004)7} H.1&]
3 QAR vE G AAgo))
B EAREE BANEE 2ambie)] &3l ZERRF
51, $EvaNE A4, 98, €55, FEH, 24 Xﬂ-—’FE s
FHue "G . gA Agsz de 2
Sargassum sagamianum©|th. FEjAe] E3S AlypdH, F



A Ao g HEA dor & A gL JRE
o] ZAgtt xol= dEF 30 cm AZolx, dHF2 Qo] do] 10
~15 mm, & 3~7 mmd ¥ F4HEe Y& 4ol 2~3 cm,
% 3 mm ZJEE o 4. d PR e ddelAY dee =27
o FY7t A3, dAFE W #Fom 4L e A Y o
AT, 7I1EE P oln Fo] WESHAY T FE /Y
325 &S %7 1 do} 5~7 mm, F 3~4 mm AEE 7}
A EE ZAE 7Y 7|F B g5 JAY EE Qe F
E o Azd 729 st A 329 dx Ao S
AR E&A E F d' AYYoE v EW Expbite] #3l

A Bud g AuE avx €2 &

o B EW EARHE o] &3l 4 FFE 0|2 Pb 2 Cry A
Al F& AI3(Suh et al, 1999DF FohE AT o] Fujed
oJES o 8% tE d7U) with
2 dF7dME v Aasta de vEd 2AE 49
H2 FE3tq aRAEY A #Hig JAF, AT, 75
49, dd8E S8 de dFE FFE EAsld ks a
g HEsta 284 FAHAES THTeEN vHEY EAke] Ha it
A=A B o] 7HsAddl thete] Lolr iz} gt



As 3 WY

1. 48 Als
1-1. A=

2 AP ARRF Bl EW EANke A3 71 5 FHAF At
A AFHE GFEE ARl AL o ALA qAI A=Y

3
A 24 A F -70C T2 AFsHEA AR

1-2. AJef

2 A3 Al&" folin-ciocalteu's phenol reagent, gallic acid,
1,1-diphenyl-2-picrylhydrazyl(DPPH), 2-thiobarbituric acid
(TBA), trichloroacetic acid(TCA), dibutyl  hydroxy
toluene(BHT), potassium ferricyanide, tween-20, iron(II)
chloride, iron(Ill) chloride, 3-(2-pyridyl)-5,6~diphenyl-
1,2,4-triazine-4’, 4"-disulfonic acid sodium salt(ferrozine),
Trifluoroacetic acid(TFA), (*)-a-tocopherol, &< SigmaA}l
(USA)e]  EFA%E  ARR3en o] do2x HPLCH
methanol® n-hexane2 TEDIAAL E3J3AIFE Al&sAn
chloroform, ethyl acetate, ethylenediamine tetra—acetic
acid(EDTA), L(+)-ascorbic acide YA EFA A4S A3}

2. Bl E O] 2xpt &Y F&
w45 dA=Ee]  wEW  Eapgbl 10¥9) n-haxane,
chloroform, ethanol, %%

ethanol& 7}8e] A2o]x 24 Al7F wHtslHEA =£3%ch &



% ¥4#87I(UNION 32R, Hanil Co., Korea)2 3000 rpme®ll Al
10 B3 d4dEy & & FFHE HAstn o FAb tiA
gL FERUME 718t S WRoE 23] wE FE3%Y. I
A 8L 37CAA AERAN gL SulE AR H5H FY3
PRleg FEIAT. 3WY FEE B FFAL  fiter
paper(Advantec 5A)Z {#3F £ rotary evaporator(RE200,
Yamato Co., Japan)Z &3l 37TCAA &4A AZ3AY. A%
g A RE -20TAA BBHEA A2 AFSE T

3. Total phenolic compounds

Z Y= 39E %2 Folin-Denis(Swain and Hillis, 1959)%
< HF3Y SHUT 5 A8 &Y 05 mLE FFF 6.5 mL
8]43}31, folin—ciocalteu's phenol reagent® 0.5 mL 3 7}3}
o, 3&3 WA F T GAUEFE ¥4 1 mLE HUletn
THTE HAAE 10 mLE &3t F2oA 1Az $H A1 F,
UV/visible spectrophotometer (GENESYS 10 UV, Rochester
NY., USA)E 765nm°lX FF=E A5 o] o & #As 3
FEL gallic acidg ©]&3td A4 AFFHI vwsle g
& T3 Gallic acidg o] &3 EEIFHL gallic acid?] 5=
~120 pg/mL=E 3}l -?49} Ze oz FFEAS 0|43
T Fde HAdstd F de IF}E FFE SAAsgc B

y = 0.0051x +0.0137 (R = 0.999)% ¢},

=

O

f
o o
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Absorbance at 700nm
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0 20 40 60 80 100 120 140
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Fig. 1. Standard calibration curve of phenolic

compounds by colorimetric method.



4. gALst ax

4-1. Thiobarbituric acid reactive substances(TBARS) 2—7&
Thiobarbituric acid reactive substances(TBARS)9] 32
Buege 9 Aust(1978)¢] ¥ wWe} malonedialdehyde@ S &3
3t} Oil emulsione 1 M9} potassium phosphate buffer(pH
6.5) 8 mLel 50 pL9] tween-20& Y3 {3 F 0.25 mL9
FA GTFHE B2 108 zwstsith. KOHE 3%27 9o wylts)
of &d &AM F 1:1 HCIE 718t pH 6.5 2Fo] FTHF
2 160 mL A&t A=x3 . Oil emulsion AFE2 Ao 7
£0o] A48tk Oil emulsion 0.5 mLel Al8(0.1 0.5 1.0 5.0
10.0 mg/mL) 0.1 mL%} 0.05 M FeCl,£% 0.1 mL& ¥i D.W.
0.3 mLE H7lstd ¥rg EFE 1 mL& ®ES 37T water
batholl A 1A <t #HEAIZ T o] ¥hg E3khe] 7.2% dibutyl
hydroxy toluene(BHT) 50 pLE H7}slo wbE EES 7 4]
o] §1-&-& AR A]7]131 TBA/TCA €% 2 mLE 7lsted Z& &
A 1682 7HEAZEY. 947 § A EE7]I(UNION 32R, Hanil
Co., Korea)2 3000 rpmollA 10 #37F ¥4 EgARAY. 42N
1 mLE #39 UV/visible spectrophotometer(GENESYS 10
UV, Rochester NY., USA)Z 531 nmolA FIEE FHIIAD
Hz7e As dAd FFTE Jlstd 22 WyEez 333
Th ERE v ST EAgro] A4 JEE JFA I lo] Ao g

53e HA #F7] Y9 FAFL oil emulsiong 92 &3
H



FEHe (%) =

AR A7H 3= - FAYY F3=
(1 — )X 100
g Te) FHE

4-2. AA FA%
DPPH radical 27 &3+ Blois(1958)¢] HWHH & WEsie =4
&g Al5(0, 0.1, 0.5, 1.0, 5.0, 10.0 mg/mL) 1 mLol] 0.2
mM DPPH &% 1 mLE Y1 vortexd & Aloja 3087 vt
A% 2 1 mLE FHsld UV/visible spectrophotometer
(GENESYS 10 UV, Rochester NY., USA)Z 517 nmol* &%
€ SAAL dxFE AR gl FHFE Jlsle e W
o2 SAHEAPT. k3 v EW Exdlo] i RS 7R ¢
g FFe BAP TV Hstd FAEL 0.2 mM
DPPH &9 dlXl methanol 1 mLE Yol F3=& &43}qrh

A Fod5(%) =
AR A7V FHE - AW FRE

(1 — )X 100
2T FH

ol
Apx
of
2
Bit)
rlo
n
=3
=

oV)

Q.
=
©
O
N
L
o
123
o
2=}
A
Y
o
o
2
a



Sample 1 mLel &/ 0.3 mLE 372 2 mM9 iron(I)
chloride &% 0.1 mL¢} 5 mM9 ferrozine £ 0.2 mLE H7}

It

g o A2oA 208 ¥ AT F 562 nmellA] FREE 5F
3G dE2F= Al Al FHFE et e wygoem =
A3t gk vl EY Exjglo] MA AHES 71z 3 Qo] Ao
o F3E& BA dF7] sl FAELS sampled L FER
sl FFEE A3
a5 54" =

AR A7 §3% - IAEY T3
1 - ) % 100

AT FHE

4-4. 399

L HE Oyaizu(1986)9] WHE <zt ¥iyste FAHsIGT. Al
% 0.5 mLel 200 mM sodium phosphate buffer(pH6.6) 2.5
mL®} 1% potassium ferricyanide €% 2.5 mLE 7}8] &3]
=g & 50T water bathollA 20% ¥HEAIZ o 10%
TCA &% 2.5 mLE #7831 3000 rpm9 £E2 10837 94
westa, o] 45 2 mlol FTFFT 2 mLe 0.1% iron(I)
chloride & 0.4 mLE 7} &3 tb& 700 nmol A FF=E
FA43td 8-S Jehiod

_11_



5. 343 2 £ € AA

5-1. Silica gel adsorption column chromatographye®l] &%k F
=E9 &9

H S 220 ethanol F2E A& F9 s 248 F<ls)
7] #13t silica gel column chromatography® ©]&3td 13 A
AR, &, A3 FH silica gel(230~400 mes, Merck Co.,
Germany)$ n-hexane®® slurryE® THE9] glass column
(50x65 mm, 120 mL)dl 23 F 3819 n-hexanel & A|H 3}
1 HEW EARF ethanol FEEE methanolZ F=7F 100
mg/mL7}F HFEF 3A8te 3000 rpme® 587 4482 (Hanil
Ind.., Korea)¥& & 459 3 mLE loadingdtth. n-hexane,
chloroform, ethyl acetate, ethanol, methanol& &vjAl2 &3
N 360 mLA 7teteqd FAHE FolWA & 2E3le REd
TEELS Y 553 37CoAA &H dZAZ T methanololl
3]sty TBARS A4 AAso= sitsd ans A3,

_12_



Sargassum sagamianum
ethanol extract

n—hexane layer Residue
evaporation ’ CHCI
3
n—hexane fractionl ‘
CHCl, layer Residue
evaporation ] EtOA
C
CHCl; fraction |
EtOAC layer Residue
evaporation | EtOH
EtOAc fraction !
EtOH layer Residue
evaporation' \ MeOH
EtOH fraction ] MeCH layer
evaporationl
MeOH fraction

Fig. 2. Procedure for extracting Sargassum sagamianum and

fractionating into different classes according to polarity.
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5-2. HPLC 3

HEd 28] ethanol F&E ethyl acetate & E&8L
waters system2 AF&3T A|REE v EY EANE ethanol F
=% ethyl acetate BE L AZX39 HPLCE methanol® 3.125
mg/mL FE7} HEE 3A3312 0.5 pym membrane filter
(Advantec MFS, Inc., Japan)® 33l AlE3l3ich BAZAL
column< pBondapak Cis 125A10 um(Waters, Ireland)& A&
sdgon olFde 0.1% TFA7L #" 100% HPLCE
methanol2 3 & FE& 0.5 mL/min@tt. AZE7]E Linear
UVIS 2042 Hiu FF A< 248 nmollA SA3SH. o] o
injection volume< 20 pLtH(Table 1). ZZ+9] fractionolA] &
WE BEAZ F TBARS A Aoz st astg ®lwst
Rt

5-3. El(Electrom Impact)-Mass &3

HPLCEZHE #2d fraction 29 EAZ FRI37] H3te 4o
7 fractions €A HEAIY ¥ methanold ©] &3t Fo
EI-Mass(JMS 700, JEOL Co., Japam)®Ajol o3 FA3t$ich.
DIP(direct inject prove)® ¥ 22 high resolution® low
resolutiong A3 A} X ZAL ion source %7} 2807T,

ionizing voltage”} 70eV & t}.

_14_



Table 1. Operate condition of HPLC

Requester Condition
pump Waters model 600E
Instrument
detector Linear UVIS 204
pBondapak Cis 125A10 um(Waters
Column
Ltd., Ireland)
Guard column 3.9x300 mm
Flow rate 0.5 mL/min
Mobile phase 100% Methanol-0.1%TFA

_15_



1. 8" F=89 &

HEd Expika ZdohA E’—X}E‘loﬂ ethanol, &, n-hexane,
chloroform& 7}3leq &39S o z}2}9] 482 Table 19 Y}
Bl B St EAREY] n-hexane & 0.21%, chloroform
FE%E 5.79%, ethanol ¥%E& 551%, & F&F& 22.22%3Ath

&) te] #&& & FEE > chloroform %% > ethanol &
ZE% > n-hexane FF& $TO=F hexane¥} #ZL v|3FA Lujr
o S4o] A Bl £EH= AR B2 AL & F AU
wax, A&, terpenes 2 chlorophyll 52 H|F4 vl H=
sgtE, WES ofvl, 9id 9 g3 Ed e 84 B4

acetone, ethanol, methanol ¥ & 59 34 {09 & F59

=x

=
PN
fus

L

o

i

g2ty & FEEFH ethanol FE2E9 489 chloroform &
€ n-hexane FEEH BU T80 2 AL HEY EA
At AEQ He SFEH O T84 EFo] A3F &4
5171 “H'l:'ro]"f]' Alg . olgd daE HEFAE VA §v
H2 FE3to BS54 oAl vus Bgg o S0 =
718 8o #A4E F&o] FUHt= Kim(2005) 59 B
o AR B

-3

flo
Jo

2. Total phenolic compounds
HE e AEA dg BEEXFHo Jde 22 AMEEY &
Uz A dutdg oz He IgEL 3 ) == F ) ol Ak



712 238d WEE @2 7HA A = 3 E, phenolic acid %
coumarin¥, flavonoid% 183l tanninF=2 Yv® 2 FZF9 o
¢ olztetd 2 R YA 7le(Pryce, 1972)°] 28 yEhdt)
ol dE FFEES HEA H A9 FF mI(Laughton
et al.,, 1981) ¥ & &(Friend and Smith, 1977) 59 543
qEZ st Aoz #F deA Ao w3 FEA AL, 1AET
A 2-8(Matsumoto et al., 1998) ¥ A7t AAZE 5 A9
Zgol deA Ao He FFEY s Aes HEY TR

9 olgel waEol A W FEAES) TR FEwol
gz Axe Aol7h doin @ gakd Fis 247 HE 5
42 g7 BAYL AR dste] 332 U F A F
4% g9 SAaa

#e xAstOAM FEE 7 FEEY F H=3HE FFS
Table 20} Yepf}t. B]Ed EAREY] ethanol &8 127.
mg/g of extract® ¥ g IAFES FHIUL & FEE
chloroform F=E& Z}7Z} 27.2 mg/g of extract, 33.2 mg/g
of extract /3t 9o ethanol F&Eo] tE FZEFo| H]
He g0l B&E EY. Kim(2004) 5ol Hiugk ZH &
FEE9 dE ddE T 26.5 mg/g of extracts} Hl=F FF
< H3ion HEY 2R ethanol FEE9 AH$ 43(shon et
al.,, 200H)Y} EvE, O& off)E(Wieland et al, 2005)E U=
B2 e IFES FHetn AU ol AFHE Hol & &
ol wet He S3tE T atolrt gl Ao R AZhE o

—
N

i)

o
S
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Table 2. Yield of each solvent extracts from

Sargassum sagamianum

Extract solvent Yield (%)
n—hexane 0.21
chloroform 5.79

ethanol 5.51
water 22.22

..18_



Table 3. Contents of total phenolic compounds in
each solvent extracts of Sargassum sagamianum
by Folin-Denis method

(mg/g of extract)

Extract solvent Total phenolics
chloroform 33.21
ethanol 127 .37
water 27.15

_..19_



3. &4t ad

3-1. TBARS(thiobarbituric acid-reactive substances) 7%
Hydroxyl radical& A 2&Ae] 4tsle] $23 I8 933
= radical2 AME H/o] Zste, A Ul 1A £ Fdo
2 B3Fo o} Hydroxyl radicale fenton¥go] 9@A] ws
oA A3 A OHeo] AW} 4tglE £ A7t}

02 + Fe® — Fe* + 0y

O + 2H" — H0»

H:0; + Fe® — Fe® + OH™ + +OH

1922 hydroxyl radical 24 @4& A3 ML AHZ
g A7 Vs gAY VEo R A Fasitia AZdr)

Oil emulsion®] 4tg2 AJAH malonedialdehyde= TBA% 2
gste] EAstE AL o] &3te] A 8E HUeA] Ga TBAR @
A2 Al digk Bofje} FRo @E oA ARE FA F4atEA
BHT, #&4 &4kstA]l tocopherol 28]3r &4 3A3A
ascorbic acid®} Hlmslo] YelHATE. £ojo] & TBARS A
A ZIHE WA chloroform FEE0] 12 ax7F 7H¢ £

-

oH ethanol F&&, 8 FE& ¢o= 94 adE et
£3] B0 ZAHEY] chloroform F&ES 5 mg/mL ©]439 %
Zol A 90% A= adE el kst advt Hod g4 &
AbskA|Ql BHT 9 vlaal® o1 &Ado] AA #oluyix] &t HIE

tf EAEF ethanol FEEL 0.5 mg/mLeY W EToAEE
81.0%% 79.1%9 A ZHE Vbl HA A AQ
tocopherol®.0te &€& 3HAtst 38 Yo, & 2&E 9



First AE AR #AE @J% B oo de dgES
st Q= HEY EAE ethanol % &9 TBARS 9# &
H7b o wkow vlEY EAHY chloroform FEEL2 #HE
3}t &) ethanol FE &) H|d] 1/44 59 & SFFUE &
T8l x-& TBARS oA &#&5 uvehldled 23 I4dst as
& Yehdle o] iEH U7 wEelgtn AtsdEd. E, 30
mg/g & 71FL2E 2 o]l Alge Hla) 1 o]ste] FFE B
e AgTE A4 a7t 30% WelE F43%] "olxe AL B
T UAATh o] ARE HAEw I3HEY FHHF ¥ oly A
Fiol wel kst aake] dAg zolrt Fe & dh

-

3-2. Az FA%
AR FAAEE S8 Z4F g 8 vehdle g4 4
A 4 PotrE 7] Yt H| S| EAgE
FE2E AR FHe s FirsA BHT, A FsA
tocopherol 28]31 84 &4k3tA] ascorbic acid®} W@ dte] 4
HEUdY. AR FodF5 SAHo A% = DPPH (1,1-diphenyl-2-
picrylhydrazyDt Hl2A <F8& radicals Z+ EFE &
free radicalE¥ Adstd dA} EFAE HEIL Qo] kst

40 Qe 24T WU radicalol 2AHHA 1He) Pk
of goiRE EAo] Qouz odd MHE Hv AeFstel Az}

Fo58EE SAHY £ dr. HE FsFH o2 FEEF= radicalol

A9t lipoxygenase® i HE A& Atgh wgAldAM SHE I

_21_



M2+ chloroform &% > ethanol & > & F&& To=F
=2 44 238 HAY. 53] chloroform F 5

o] 49l FEAA 100% free radical& AATL YeRSH
Ethanol F+&E°|A 0.5 mg/mL °]@2 FTolA 95% o] &
A ZH%E Bo FA FAA BHTS A9 343 A tocopherol
AR 2A aRE JErdglen, & FEEE 1 mg/mLolAY
FTEANA 90% AES F2 4£A &F3E YA o9 T2
A3= TBARS A4 oA ade fAd 23z M w2
TBARS A4 A &34& YehlAY chloroform FEE] free
radical 24 &7 71 %o I O FE ethanol FEF
o] 2 HE o] & &A AHE YENY radicals A2ATLS
24 F43 a3 vl JAeE Alsdn.

N

i
i
flo
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Antioxidant ability (%)

Concentrations (mg/mL.)

Fig. 2. Comparison of antioxidant ability with
ethanol extract of Sargassum sagamianum

and natural antioxidant materials.
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Antioxidant ability (%)

Fig. 3. Comparison of antioxidant ability with
water extract of Sargassum sagamianum

and natural antioxidant materials.
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Antioxidant ability (%)

Concentrations (mg/mL)

Fig. 4. Comparison of antioxidant ability with
chloroform extract of Sargassum sagamianum

and natural antioxidant materials.
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100

80
S
k3]
339_3 60
o
o
£
2
40
g
3
7]
—— BHT
20 —O— tocopherol
—¥— ascorbic acid
—v— Sargassum sagamianum
0{} 1 i 1 1
0 2 4 6 8 10

Concentrations (mg/mL)

Fig. 5. Effect of DPPH radical scavenging in

ethanol extract of Sargassum sagamianum.
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100

Scavenging effect (%)

20

—&— BHT

—O— tocopherol

—w¥— ascorbic acid

—— Sargassum sagamianum

1 1

4 6 8 10
Concentrations (mg/mL)

Fig. 6. Effect of DPPH radical scavenging in

water extract of Sargassum sagamianum.
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Fig. 8. Effect of metal ions chelating in ethanol

extract of Sargassum sagamianum.
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Fig. 9. Effect of metal ions chelating in water

extract of Sargassum sagamianum.
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Fig. 10. Effect of metal ions chelating in chloroform

extract of Sargassum sagamianum.
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Fig. 11. Ferrous-reducing power in ethanol

extract of Sargassum sagamianum.
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Fig. 12. Ferrous—-reducing power in water

extract of Sargassum sagamianum.
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Fig. 13. Ferrous-reducing power in chloroform

extract of Sargassum sagamianum.
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fraction 2= 0.5 mg/mLoﬂﬁE AHRE FAStH HEW EARE
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FAs EA L fraction 20] EAshs A2 AR R
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GC-MS=Z EA3ta dF = 0.5 mg/mLe] %2 3435t DPPH
radical &A%, % ®4Y, #dgdE SAH3UHTable 7).
DPPH radical &A%< 96.07%Z UWxz+= 0]%?1’ BHT, a
—-tocopherol, ascorbic acid EO% ¥ A4%E YeERAUC.
a2y 55 BAEe 112%E S3] 2 "}E}‘ng‘l‘ Fdge
ascorbic acid®] ¢ 50% AEE ¥ FdFEL et
Fraction 2+ free radicaldll 44 Aze] T2 zgsle v]et
Hz SRtEE Aoz AEE dAIste od 2AAZRA
ikt 28-S 3 Ao R Al dr

4-3. EI-Mass(Electrom Impact)oll 23 E&9] 53

Fraction 29| El-Mass #4] ZA#& Fig. 159 YelRAt
fraction 2 @Y A Eo]il low resolution®} high resolution&
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Table 4. Yields of various solvent fraction from

ethanol extract of Sargassum sagamianum

Solvent Yields(%)
n-Hexane 0
Chloroform 37.8
Ethyl acetate 31.5
Ethanol 27.0
Methanol 4.3
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Table 5. Comparison of antioxidant ability  with

various solvent fractions from Sargassum
sagamianum ethanol extract
(%)
Concentrations (mg/mL)
Solvent

5 1 0.5
n—Hexane 0 0 0
Chloroform 88.34+1.1 81.85+2.5 71.07+£3.5
Ethyl acetate 88.33+0.6 86.69+0.3 84.86+1.2
Ethanol 74.36+4.2 40.97+6.7 31.6115.7
Methanol 42 51+5.6 6.86+1.0 1.94+4.9
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Fig. 14. HPLC chromatogram of ethyl acetate

fraction from ethanol extract of Sargassum

sagamianum.
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Table 6. Comparison of antioxidant ability with HPLC
fraction of ethyl acetate depending concentration

from Sargassum sagamianum ethanol extract

(%)
Concentrations (mg/mL)
1 0.5
Fraction 1 83.471+2.0 72.96 £3.5
Fraction 2 84.39 £1.6 84.08 +£2.7
Fraction 3 81.72 +£0.9 65.60 +2.7
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Table 7. Comparison of antioxidant ability with fraction
2 of ethyl acetate depending concentration from

Sargassum sagamianum ethanol extract

TBARs DPPH radical Chelating Reducing

o Scaveneina TR (anorance
° at 700 nm)
BHT | 72737.790i0.8 93.02+0.1 : ; ~
a-Tocopherol 58.57+3.0 95.47+3.7 — -
Ascorbic acid 32.18+3.9 14.50+0.6 - 0.678 £0.0
EDTA - - 99.76+0.2 -
Fraction 2 84.08+2.7 96.0710.1 1.21+0.9 0.346%0.0
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