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The Correlation of Antioxidative Effects of 5 Korean Common
Edible Seaweeds and Total Polyphenol Content

Chung Shil Kwakl, Sung Ae Kim® and Mee Sook Lee”

jAging and Physical Culture Research Institute, Seoul National University, Seoul 110-810, Korea
ZDept. of Food and Nutrition, Hannam University, Daejeon 306-791, Korea

Abstract

Antioxidative activities of 5 common edible seaweeds in Korea, three brown algae (seaweed fusiforme, sea
mustard, sea tangle), one green algae (sea lettuce) and one red algae (laver), were examined. The antioxidative
activities of ethanol extracts from these seaweeds were examined by measuring of inhibition rates against
iron-induced linoleate peroxidation, DPPH (1,1-diphenyl-2-picrylhydrazyl) radical generation and MDA-BSA
(malondialdehyde—-bovine serum albumin) conjugation. Sea lettuce ethanol extract showed the strongest anti-
oxidative activity among them, especially in inhibition against conjugation of lipid peroxide and protein. Second
to sea lettuce, laver and sea tangle ethanol extracts showed high DPPH radical scavenging activity and
inhibition against MDA-BSA conjugation. However, seaweed fusiforme and sea mustard ethanol extracts did
not show antioxidative activities. Sea mustard contained the highest total flavonoids (11.33 mg/g dry wt) and
sea lettuce contained the highest total polyphenol (8.97 mg/g dry wt) among these seaweeds. In addition, there
was strong positive correlation between the antioxidative activity and total polyphenol content in these
seaweeds, suggesting polyphenol compounds may contribute to antioxidative effect of seaweeds. From these
data, it is suggested to consume much of seaweeds such as sea lettuce, laver and sea tangle to prevent age-
related chronic diseases, and also develope neutraceutical products using polyphenol rich fraction from sea

lettuce.

Key words: seaweeds, lipid peroxidation, DPPH radical, lipid peroxide-protein conjuation

M B

s 7S o 23E ofAlo} XA de] H s gon

Mo g gz v Foma vleluly F714, Ao
A A EoE Wl oA g
olon, Aafeh v Ha

Absh B E3pAAbe] wrbe Zlo] £ °1E¥(1) #H
2 1

= k¥ F
gy, AERFe 2 257 543 g, A9EE o) &
st AL g F2FH A o)g cheksta Abolstr] wlFeol 2
F7HeS B5HE] xollA] Go] AAE
TFoll AFstw gl et 7

fCorresponding author. E-mail: meesook@hannam.ac.kr
Phone: 82-42-629-7494, Fax: 82-42-629-7490

Bl e o]ES AelARE
72 % 51~85%7} 44 o]

AFolth5). 2R Aol fr Abtell o8] 23171 A9
A ot v, vpAlvl, B3t 2EE 23 [ wel I
ol gl A EA % iﬁ}%icﬂ aminine-& & 347} 8}=4-0]
gleor(6), BA7E §Hf3le ofdF(sulfated polysac-
charide)®) < %4l alginic acid®} fucosterol, 574! 3}
< 2572 Aol FF5 el 9= betaine zﬂzi‘ﬂl*ﬂli
AstE(78)7F vty RuEgleh =3, ZEFed B
fucoidanS- Z kAl E.9] A A4 8 &3(9,10)%} ﬂ%"—‘i SaE
(11,12)7}F ek A7 2 skdch sl & e T
+ 7}Ei*‘7]ﬂ FAa71E wol Zhar Q7] A Fell fa8l FF
& 23 A3t &t A3t o),
2 -F’rﬁﬂn]*EE«] %’ 15 Al gk A el 72 5
&+ &3 Zabg-3 wWnl 5 Ak Zaot 9l

AEF= A, v, o
ar

o} 32~75% & }

A=k
o} 6
PA—

A



1144 2] 1A o] -

©uv(13,14), BHA F2A&IH(15,16)9 FArsEIA17-21)
o gl sivin 4HA sk

WL AFapEo) A BTN thekdt T/ atks
Ltrstgd o, 78S nepdl C 7l RE ol =, &
rol=, FElHE 3E Fo) A} Hd T FUANE
2 e 58 gaE A2 daix gleh22). 2l
z 50 gabstE el gk Bae} g o]
} 3t o] A= ek

5} 312
287} 537 9= Ak E
L=

_4

Py

=4
2}

o e 2 o

7“01 —‘%%i Ql#] wraizl AL w=] eF ot £2 fucoxanthine,
2 x}uke] phlorotannin® o3 A4t #4715 2 g

52 & °l3’12] A zFo FabstEAlo|n, ofz] Rarel4

Y 8ol B FIFEE] kst anst ok
8191 cH17,19,20,23). ol A& sl 2 /7 oF 501 %

=1 F-oll Eﬂfﬂ 3aka g #ol] g
L oobA] w$ v] FF o)) oo, E AFelAe &
8l "l (Undaria pinnatifida), ™A =HLaminaria ja-

B (Hizikia fusifomis)®} H32F-9l 9 (Entero-
morpha) F259) 2 (Porphyra terera) 52 258 o ¥&
2259 odo] FAsans Asluxt shelon, obge
& Zopp ro|=o 3 TejaE FFS SA st 2 A

d O]O o]_/— B-"H

7(HE Y A=Y ==
w9, ohAlel, B3 sl 2 F A" Ad 2 A

%"o“‘ Ao A AL 2 Folsted A7 2712 (Vacuum
freeze dryer, Biotron, Korea) AZA1A 7 Rk F 3
2ale] —20°CellA WERASEA ARR At A
79 JErE FE2EL V) At AR R
] 95% ol BF-2-(Ducksan, Korea)& 7hshod Al- 2ol A stirring
A 244 7F E<F 23] b2 F%31e] Whatman o 33|
(No. 6)2 9333k & oj 7} ¥-& rotary vacuum evaporator
(EYELA, Japan)® 7}4 58t Y51 3315 vl7} DMSO
(dimethy! sulfoxide)ell =o} A& A3t A&, DPPH
gz 2A8AANES 8 N8R Akl =, A3
spA E -3 ol A o) AgS oA zﬂg}: g AEe _ﬂg},oq
23l a0 2 AXAEE 0% et 2 FET o5 o
#ate} FEHAHTh

Alef

MDA-BSA ZAgdAAdde 18kl A48 Dowex
50WX8-200 resin2- Supelco(USA), Centricon(YM-10)-=
Amicon(USA)ell 4 4} sled Al-8-3}3i )
FeSOy - 7TH2O, DPPH(1,1-diphenyl-2-picryl hydrazyl), a -
tocopherol, bovine serum albumin, Folin-ciocalteau rea-
X 7 uke] A ekE2 Sigma Chem-—

=3} linoleic acid,

gent, rutin, tannic acid

<) 23 Zkof|. 200N .

o
5
W

ical Co.(USA)ZH¥E]

X & ot AxjEzn 54

Antonella 5-(24)3 Gotteried2} Dunkley(25)2] # of] u}
g} Fe¥' ol o3 $-= linoleate?) 4T3 ] didl A A &
2 TBA(thiobarbituric acid)2 B AA ZAsch WA
05 mLY linoleic acid®}t 0.25 mLe] tween 60& 412 ¥
50 mLe] 2753 7Fetx, 1| N KOHZ F3HA2 o 0.05
M potassium phosphate buffer 110 mLell ¥-FAAA 10
mM¢] linoleic acid &5 &%tk DMSOe]| =< &g
22052 2= 343t¢ 20 pLe} 10 mM linoleic acid
Lol 10 mL-S 41& F 37°CellA 14]17F 53k 387 [ (KMC-
54895, Vision Scientific, Korea)sll ] ¥H-g-Aj it} o37]q)
0.05 M FeSO, - TH20 20 ULE =S 370(:0“*1 2R 7y Bt
wuksto) BAaksHE A7) 3 800 ULE #8400 pLe)
TBA reagent® A 7}8F th- boiling water batholl4] 158-2F
7ag F YAA T AR A A FAaEEE 560 uLe) n-
butanol 2 -&8 A1 A 3000 rpmell 4] 2083 A4 Be] - 43
ol-g #3}o] ELISA reader(SpectraMAX 340pc, Molecular
devices, USA)E o) 83} 535 nmelA4 FF=E 54354
t}. o)l positive control® « -tocopherol-g AF-£-3}53 ).

DPPH 2iClZt A =3t £

Al 29| DPPH ete]Z &7 & 3= DPPHoﬂ gk ghel ¥
°07 2A3th(26). AT FEARE DMSO Ho ¥
=2 3 A sted A7 10uLe} < E&r%oﬂ =<l 200 uM DPPH
(1,1-diphenyl-2-picrylhydrazyl) 190 wL.& 41-& %, 37°Cel|
A 308 EqF uk-8-A 7] thg ELISA readers: o]4-3}9] 517
el A R L2 HAF F HNE2Fo viske] A H5%
=22 golz £A 82 AAbslg Tl o] 9 positive con-
trol® o -tocopherol% A}-&-3l ).

X & npatetEn) chelElol Ze x|zt

Park(27)9] W el whe} malondialdehyde(MDA) 2} bo-
vine serum albumin(BSA, Sigma)8] A3 A3 -85S AR
Zo] dAlste AE wwakgich 0.1 M PBSell %4l BSA
89 (2 mg/mL) 100 uL, MDA £494(20 mM) 100 uLell +%&
Ags oy T2z 88 3 01 M PBSE A ¥-HE
1 mLE @39t 898 37°CollA] 2447} HE-g-A17] o}
L &8 500 pLE # 3l centricon(Centricon YM-10,
Amicon)ol] 2, 1400x goll4] 2A17F EqF Al Eeldte]
MDA-BSA 4#&-& #eld &, o2 45 A3 4
Sho] 254 700 LE 93 FHA) 1400 % goll Al 24172 F
Axlwelsiedch FHSE 33 vhE 4 He 3 ARE 0]
M PBSoll =0 Bradford w4 (28) 0.2 whilal-g Aakgk v}
£ 12% acrylamide gel®l| /ﬂ =13} ohf A gk-2- loading 3F3
27163 £(SDS-PAGE)SF & Coomassie AW & Al 3ishe]
MDA-BSA Z&E2] band& densnometer(BIOle Image
Analysis, Vilber Lourmat, Germany)2 A #3224 A &



34k 5%

Aol 93 A Ak E o] At A &8 AlAt
3t} MDAE Gomez-Sanchez(29)2] vh of] uje} A3 Al
oA A A z:3zle] ARE-ssACh

shatat g otof AtCHA Ol &%}

37 W B AlREe] Ak A9S AR Zbel vl
Fab7] A E A Al FE HY Wl #

A e B o 2Zo] Hssisich 00 <10%, 1
10~25%, +2: 25~50%, +3: 50~75%, +4: =75%.

& Egi2-ol=e Zgides &2 &Y
Zajy eol=e} ZeldE L S8 9std 2
28 AAE 1 go 50 mLe 75% ol &k-&-8- 7}3} 1 1841 %

ko

a2
=
o

}od 223} & Whatman paper 2 o 343} 1., 75%
0 mL7}A] 2 3 &2 2435140 o). & flavonoid
42 Davis®y & ¥ 3 v (30)o wel o &2 55
Aol 400 ulol] 90% diethylene glycol 4 mL-& A 713} 2,
Al 1 N NaOHE 40 uL& g2 37°C 2ol A 143t F4
incubation&t ¥ spectrophotometer 2 420 nmoll 4 &3 =&
28359} TEA%e 25 ruting A3t & poly-
phenol &3¢ Singleton $2} ¥ (31)ol] u}e} 75% ol &-&
ZZ 710 400 plell 50 uLe Folin-ciocalteau, 100 nL<
sodium carbonate(Na;COs) E3H-§-9-8 F 3 A2 147
B}x1§ 3 spectrophotomter{Ultrospec 2100, Amersham,
UK)Z 725 nmell A F4 =5 A3 2FASeR2=
tannic acidg AH&-3l4lc}.

w2 ot A
e oL i
it
S
o &

N

g

SHXE|

BE MR E 3~43 AT
veholow], 249 A g AF W F EtRkol=
Y Za)oF IS SASE o] &3t ANOVA test® 3
gl st §93}A AE ke #ol7b 9l 7% Duncan's
test®. grouping 3+t w&h, shxFo| Fakd i vel S
_11\_0]?4 nl Eﬂ J‘ﬂ‘hﬁ}‘j’k“’}-'/] /Rl—L
Zr Ag el Aelsx He LH"ﬂ A #Hael Mg Faf
Hyol= g Foldy Fagdthe] At
relation test® ¥4 ste] AAATE T8kt

2 o

0

gl k=ay

A A3 JA R Fe'oll 930 linoleate®} #H4rs}
2 gxdte FA oA sz FY AREFEFET o -toco-
pherol®] ¥ XA 415t o A &8 Table 1 ¥ Fig. 15
goun o] 7tekslA F4354E F Table 49 2Th. 7+
A Z oz RE] AL ek A B9} o -tocopherold 10,
30, 100, 300, 1000 pg/mL FE2 A 2]8}%1-& = =} (SL)<]
a7 A 583 THp<0.0001). e Aglwrst F
V48 A AAstel A gt F7hske] 100 pg/mLet

ESERENLE BT

% FEdlE FTe] w4 1145

Table 1. Inhibition rate of ethanol extracts from seaweeds

against lipid peroxidation (%)
S o) Treatment concentration (Lg/mL)
ampie 100 300 1000

2-TE  5015£0.79" 56.07+196 66.21+0.29
SF 535+164™  1.46+0.74° 1.02+£0.34°
SM —047+133°  -925%£506°  -40.61£3.60°
ST -0.24+192"  -127£012¢  -091%0.66°
SL 22.36+2.12"  31.29=1.7¢° 39.42+ 4,08
LA 263+2.11° 6.18+1.94° 9.11£1.98

ITlhlblthl’l rate ( ) Awnu’o] A:ample)/(Aum[ro])X100

'@ -TE: « -tocopherol, SF: seaweed fusiforme, SM: sea mus-
tard, ST: sea tangle, SL: sea lettuce, LA: laver.
Pyalues are meantSE.
®Means with the different letters of superscript are sig-
nificantly different within each column at p<0.0001 by Dun-
can’s multiple range test.
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Fig. 1. Inhibition activity of Korean seaweed ethanol ex-
tracts on Fe'’~induced linoleate peroxidation.

@ -TE: @ -tocopherol, SF: seaweed fusiforme, SM: sea mustard,
ST: sea tangle, SL: sea lettuce, LA laver.

It is plotted on the based of the averageXSE from 3 times of
repeats.

1000 ug/mL EFXolA] Z+7t 22.36% 2} 39.42%2] GA&S
Bo] 7o v ol zbzt 50.15%2} 66.21%2] o A &8 e}
W a -tocopherol®} ¢k 509 A =9 =4 #AL3} of A #A]-g
vehfsich(Table 1). 72 919 ]| 2F/F-5-2 A A HAak3 o )
&3} o eksted on, vl (SM)2 A A AAksE 23] 7
22 A 7]= AFAE B (Fig. 1.

DPPH 2iC|Zt &~H 71&

HN2F e 98 oleh-g FEE3} ¢ -tocopheroldl] <
& DPPH =tz 47188 30, 60, 300, 1000, 2500 ug/mL

Eoll A 3% A3} Table 2 ¥ Fig. 29 20w, A3}
X Table 49} 3}, Positive control@ AH8-& -
tocopherol=- 300 ng/mLﬂ 2500 pg/mL 2] A] 2tz 90.51%
9} 91.00%9] =9 DPPH 2}t] 2 2748 Bl ow 57}%)

r&'ﬁ OF



"

=

1146

Table 2. DPPH radical scavenging rate of ethanol ex-

tracts from seaweeds (%)
Sample! Treatment concentration (Ug/mL)
ampie 300 1000 2500

«-TE  9051%0.19% 90.68+0.14 91.09+0.17
SF 751£027™ 9.47+0.77° 1.83+1.70°
SM 1.02%0.26° 1.43+0.69 0.45+0.22°
ST 5.74%0.98° 16.61+1.14° 26.80+1.13"
SL 26.04+057" 35.95+1.19° 19.42+1.34°
LA 652+063" 15.48+1.44° 26.45+ 1.00"

l)Samples are the same as in Table 1.

PValues are mean*SE.

¥Means with the different letters of superscript are signifi-
cantly different within each column at p<0.0001 by Duncan's
multiple range test.
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Fig. 2. DPPH radical scavenging activity of Korean seaweed
ethanol extracts.

Samples are the same as in Table 1.

It is plotted on the based of the average*SE from 3 times of
repeats.

Al & 5 1000 pg/mL A=) X712 &= e (SL)7}F 7Hd 5
FH(p<0.0001) E7E ¥ 2v}(35.95%), 2500 ng/ml 5%
NAe 23]e] &7t 7F48hed(19.42%) oFAI=HST, 26.80
%)k Z(LA, 26.45%)2] &37t ] EkcH(Table 2). %(SF)
3} w19 (SM)<] DPPH =tel 27 Fwhs 2] A mk4k3l o) A)
Ao} wbRrtA 2 w9 vlekgt A o2 vebgeh(Table 4).
£33 vl 2 Fof T W] WA & 12 DPPH 427 $-]
Z+zk 9.59%9} 1.4% Btel Ex) ekgtri(Table 2).
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g 8] &2 EA)F A3+ Table 3 ¥ Fig. 33 k.
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Table 3. Inhibition rate of ethanol extracts from seaweeds
against conjugation of malondialdehyde and bovine serum

albumin (%)
S o Treatment concentration (mg/mL)
ample 10 40 100

SF 536106877 821+£084°  1227x0.77°
SM 2.24+0.60° 441+079° 14.80+0.34°
ST 25.47+1.05° 3899+0.17°  52.09+160°
SL 22.73+1.43° 41.81+082°  71.39%0.28°
LA 19.35+0.77 48051 156"  55.37+0.80°

Inhibition rate (%)= (Area of band b— Area of band, sample
treated )/Area of band b (shown in Fig. 3A) x100.
Samples are the same as in Table 1.
Values are mean£SE.
¥Means with the different letters of superscript are signifi-
cantly different within each column at p<0.0001 by Duncan’s
multiple range test.

= Ay vt Fobd 5 MDA BSAY Ao <)
AAE band’t A ARV AE #3432 5 gl
(Fig. 3A) A1 4 3}4+3}5-9) MDA} i ol BSA 9} A gs}
= 2L A7 Aol s & & oddled, 4%
Wl = 2 densitometer® A 23} 7&4 100 mg/mLel|A] s}l
(SL)= 71 39%, 2 (LA) 55.37%, THA "HST)E 52.09% <)
Aal g 2ol, JA e A7} 7H A cHp<
0.0001, Table 3). ’h, RSP w1 (SM)2 A2 5=}
Z7t&el ohet MDA-BSA®] A& A Al7]= A7} v
- vlFde B 4 dhFig. 3). T3 vy &S FE5ES
100 mg/mL2 M| A19] A& 747} 12.27%9} 14.80%] %
t}(Table 3).
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4.65 mg/geld L, B (SF), thA=HST), 2 (LA)e] Zhzt 268
mg/g, 1.95 mg/g, 067 mg/g wolsdch A & ZelsHE
ghere a7} 74 =2 8.97 mg/gol 921 (p<0.0001), 7
(3.81 mg/g), v19(2.43 mg/g), £(1.44 mg/g), }A1=H(1.17
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gl oko] A#AAAE et gl eh(Table 6). obg-21, 37k4] ¥
Wl gaksta st A AYHE ol 2 #5203 A RAAE
gsi e, 5% DPPH #}o]Zd 47143 MDA-BSA con-~
jugation o A &7 wi$ -2 of2) AFHAA (r=0.9902, p<
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Fig. 3. Inhibition activity of 80% ethanol extracts on conjugation of malondialdehyde with protein.

(A) SDS-PAGE of extracts with MDA and BSA on 12% acrylamide gel.

a: BSA, b: BSA+MDA, ¢: BSA+MDA +extract 2.5 mg, d: BSA+MDA +extract 5 mg, e BSA + MDA +extract 10 mg, f: BSA+ MDA+
extract 20 mg, g: BSA+MDA +extract 40 mg, h: BSA+MDA +extract 80 mg, i BSA+MDA +extract 100 mg.

BSA (0.2 mg/100 L PBS), MDA (2 nmole in 100 uL PBS), sample extract and 0.1 M PBS were mixed in a total vol of 1 mL and

incubated.
(B) Inhibition rates calculated by densitometry.

SE: seaweed fusiforme, SM: sea mustard, ST: sea tangle, SL: sea lettuce, LA: laver.

It is plotted with the average=SE of 3 times of repeats.

Table 4. Comparative scores of antioxidative activities among
)
seaweeds'

Table 5. Total flavonoid and polyphenol contents in sea-
weeds

Lipid peroxidation DPPH radical MDA-BSA
mhlbltmg scavenging conjugation
activity” activity” inhibiting activity”

SF 0 0 +1
SM 0 0 +1
ST 0 +2 +3
SL +2 +2 +3
LA 0 +2 +3

USeored from O to +4, based on the maximum inhibition rate
(%) in the range of treatment concentrations: 0, less than 10%
inhibition; +1, 10~25% inhibition; +2, 25~50% inhibition; +3,
50~75% inhibition.

*Treated 0~1000 ng/mL.

P Preated 0~2500 ng/mL.

“Treated 0~ 100 mg/mL.

0.0001)F et cH(Table 6).

P
=

]

A3 HEFE FasEAS wo| FHIL 9o, 2
24 A¥e] WAl Ax gl v, Al %9 fuco-
xanthine(32)3%} 2.x}uFe) phlorotannine(33), &3 F8+}2]
protean 2% So] tjEA 4l oo]r} Park 5(18)2 ¢

Sample“ Flavonoid Polyphenol

(mg/dry wt) (mg/dry wt)
SF 2.68+0.032% 1.44+0.03°
SM 11.33+0.10°7 2.43%0.03°
ST 1.95+0.01° 1.17%0.04°
SL 465003 897+0.07°
LA 0.67£0.02° 3.81+0.01°

i)Samples are the same as in Table 1.

j)Values are mean*SE from three times of measurements.

®Means with the different letters of superscript are significantly
different within each column at p<0.0001 by Duncan’s multiple
range test.

vetell A A& 1259 E2FE AR 38 5

sto] AL E IS A3 A viwkg 58] DPPH
gh) 7 a7 &Ad o) Wl gt o, A, v, oA v, ohef )
o2 Ayt Fgtow 29 374 B o AlEES
297} et st en, Han S(34)% 7193} oA vhe]
W et-2 & E9| DPPH el &7 &) A9 vt
T et ek s, B A7 ol Xae} 2] DPPH
B} £2AE vl F3te o E 2744 whH S 53 dAEtE
stol|l A chA}rkr) vl of] v st AR -3 B35 e
god, 53 =x2F4 T izt ass} A 53k
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Table 6. Correlation coefficients among total flavonoid,
polyphenol content and inhibition rates against lipid
peoxidation, DPPH radical production and MDA-BSA
conjugation

Polyphenol

. D 2) _neaAd
content  Linoleate”  DPPH”  MDA-BSA
Flavonoid  0.0375 -0.1021  -0.5035 -0.4634
content  (0.8944)"  (0.7173)  (0.0557) (0.0819)
Polyphenol 09361  0.6422" 0.6903"
content (<0.0001)  (0.0098) (0.0044)
Linoleate 0.6413™ 0.6629"
(0.0100) (0.0071)
DPPH 0.9902""
(<0.0001)

"Linoleate peroxidation inhibition rate {%).
DPPH radical scavenging rate (%),
PMDA-BSA conjugation inhibition rate (%).
Ph-value tested by Pearson correlation at “"p<0.01,

ok

p<0.001.
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