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We previously reported that fermentation by Lactobacillus brevis 1LB-20 isolated from Kimchi resulted
in improvement of the sensory quality of Hizikia fusiforme water extract. This study was conducted to
evaluate the possible application of lactic acid bacteria fermentation to improve the functional qualities
of H. fusiforme extract. L. brevis LB-20 was inoculated and cultivated in H. fusiforme extract. The antioxidant
and anti-inflammatory activities of extract were then assayed both before and following fermentation for
two days. Antioxidant activity was determined by assaying levels of radical scavenging activity against

1,1-diphenyl-2-picrylhydrazyl (DPPH), hydroxyl,

superoxide, and alkyl radical.

Lactic acid bacterial

fermentation of H. fusiforme extract resulted in enhancement of antioxidant activity. The greatest enhancement
of antioxidant activity was seen in the hydroxyl radical scavenging assay that incorporated 0.5 mg/mL
of raw and fermented H. fusiforme extract. Fermented extract exhibited greater (21.95%) inhibition of nitric
oxide synthesis than did raw extract (14.66%) at a concentration of 1 mg/mL. The fermented extract exerted
its potent anti-inflammatory activity via attenuation of expression of inflammation-related cytokine proteins

(TNF-a and iNOS).
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A
% (Hizikia fusiforme)< THAIMEeE T80 A Zdn] A<l
o}u] =4t (glutamic acid 2 aspartic acid &) & 512§
(Kim et al 1998), W 7428 59 7154d0] A& o=
43 FAAYTFA  laminarand MY R

fucoidanO] o] hfEo] = Ao R LA ATt (Koo et
1 1995~ Koo et al, 1997; Shon et al., 2006). 2] 2] g4

B A F2 Fo A FE3 fucoidan?] 38H4 54 (Koo
al., 1995; Koo et al., 1997), & F==E°l g A
§ A+ (Kim, 1990; Kim et al.,, 1994; Lim et al., 1995)
1 B FZ2Eo] XA ¢ 7H ﬁiﬂ*ﬁ,fﬂ] v 2= 3 Sof
o 3 A EJ_7]— o] Fojx| 3 ) o™ (Jang et al, 2007; Jung
2001), =3k A U] 312 PZF (Shan et al.,, 1999),
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g F Y 2~EHE (Abdussalam, 1990) 2 d4ksl g 3ol o st
A7} o] Fo] X 2L Yt} (Hruch et al., 1989; Kim et al., 1998;

Kim and Lee, 2004; Park et al., 2005).
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al., 1997; Kim and Bae, 2002) Zﬂib‘r o] &
Foll Zshso] = B@stEe gl
F2A Abolut dzkeel] vl HAstal &
o oJatA] FarxE EaliE7I7F olE 9 el 7HA] A
e WA g 935S Rtels AdE sy
FHH o7 FEHYA Bl ES A Tk (L
al., 1995; Kim and Bae, 2002). ©]ol 3]Z=F7} 7}A| 3
olelat B e Fualy) slato] A2 A% a1 gl
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et al,, 2010; Song et al.. 2011). 3}A| T+ 3277} 7K &= ©F
NAst7] sk sl xF daol st = =3 Al
o]FolAaL 9low, w3l o] F o] &3k WF FEE| A
SIS i B = bl =LA Bonk: B g o e e T ] R
t} (Song et al.. 2011).

ojell & ATellM= & 519l olHE 47A17IWA GABA
T F8wEe SHAI

JR o
o=
[e) A

% Gl
Tt ARgsllTh A FE2S Ad FA, g9, EATA
< AA Agg 27
A7t 80 Col A 3083 &
FAALE AAG FEAS AP AL-g313TE (Song et al.
2011).
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AN 71 GABA W& g&o] 71 93 Lactobacillus
brevis LB-20S A8l A-8-3}31T} (Song et al.. 2011). L. brevis
LB-20 & Lactobacilli MRS Broth (MRS; Difico, USA)
Aol 775 24 AIZE A a5 wlg 10%E & FE=9
AEstaL 30ColA WE widet & Laols o]gste] als)
9 FAT G HF7HE ARE ARSI

s B4 24}

DPPH radical 271 54

DPPH radical 22752 Nanjo et al. (1996)2] ®Hol wheh
=489t A& 30 pLol 60 uM DPPH (1,l-diphenyl-2-
picrylhydrazyl) 89 30 yLE &3 ¥ 93 A& 100 L quartz
capillary tubeol]l %71 2% ¥ electron spin resonance (ESR)
spectrometer (JES-FA, JEOL Ltd., Tokyo, Japan)= =743} T}
AEZ2ALE 53 2T} : magnetic field, 336.5+5 mT; power,
5 mW; modulation frequency, 9.41 GHz; amplitude, 1 x 1,000;
sweep time, 30 s; temperature, 298 K. DPPH radical 2~/ 5
H <} HO 2] 3142l radical signal peak ¥o]2] ol 2|3}
AlRkaRd T

H

Radical scavenging activity (%) = (1— F) x 100
0

Superoxide radical 2A% =4
Superoxide radical<> Guo et al. (1999)°] e} AJE 10 pLol

0.3 mM riboflavin 10 pL, 1.6 mM EDTA 10 uL, 800 mM
DMPO 10 uLS A7} % 365 nme] UV lampol A 1% E<t
ZA8F Y WES-E S quartz capillary tubeo] %] ¥ ESR
spectrometer = ©]-&-ako] EAEkl o AxH L v 2
T} : magnetic field, 336.5+5 mT; power, 10 mW; modulation
frequency, 9.41 GHz; amplitude, 1x1,000; sweep time, 30 s;
temperature 298 K. Superoxide radical 2~/ H¥} H, 9
A peakE ol 3k 40 o8] AT

Radical scavenging activity (%) = (1- ) X 100

X[y

Alkyl radical 27% =4

Alkyl radical (peroxyl radical)<> Hiramoto et al. (1993)<]
Wil whet vt o] AT 10 uLe] A&l 7z}
10 uLe] PBS (Phosphate buffered saline), 40 mM AAPH
(2,2-azobis-(2-amidinopropane)-dihydrochloride), 40 mM POBN
a- (4-pyridyl-1- oxide)-N-tert-butylnitrone s 3 7}gkc}, 18] 31
37Col A 30%3F WH--A|Z] F quartz capillary tube®ll %
ESR spectrometerE ©|-8-3t] &3tk Adxz0L v
2t} magnetic field, 336.5+5 mT; power, 10 mW; modulation
frequency, 9.41 GHz; amplitude, 1x1000; sweep time, 1 min;
temperature 298 K. Alkyl radical 2~/ 52 olafle] 2oz ALt
skl

H
Radical scavenging activity (%) = (1 — f) 100
0

Hydroxyl radical 27% &4

Hydroxyl radical 2~71°52 Rosen et al. (1984)2] W o=
X353k A& 20 uLell 03 M DMPO 20 L, 10 mM FeSO,
20 uL, 10 mM H,0, 20 uL-& 33k th quartz capillary
tubeol] %71 ¥ 2.5% ol ESR spectrometer= =733} th.
A 2L 53 2l magnetic field, 336.5+5 mT; power,
1 mW; modulation frequency, 9.41 GHz; amplitude, 1x200;
sweep time, 4 min; temperature 298 K. Hydroxy radical 227
2 H 7 HO o Al =olol o S48t o 729
o3 Ark=E At

H
Radical scavenging activity (%) = (1— F) < 100
0

SRR

L brevise ©]-&% X FEN3 Tado AE=de MTT
[3-(4,5-dimethylthiazol-2-ly)-2,5-diphenyltetrazolium bromide]
assay = 442 cell based NO assay 3 western blotting
analysis gl °]sto] 433t

Cell culture

Avee] HbAME -2l HepG2 AIXZF= American Type
Clture Collection (Manassas, VA, USA) ZH-E] F¢Frto}l A&

il ot
N o,



farE el o8 %

319 © ™ 10% inactivated fetal bovine serum®} 1% penicilliniﬂr
streptomycin®] ¥ 3% Dulbecco’s modified Eagle’s medium
(DMEM)< HjeFol © & 37T, 5% CO, 9+ 95% air =710l A
wj k&l o).

MTT assay

22 24 wellell HepG2 A|E 5 x 10°/] & 25311, 4471
Flol A AR WA & dAEE (05 2 1 mgmL)®] %
FE2N G AR F HES 4AZE Tt AT o],
3- (4,5-dimethylthiazol-2-ly)-2,5-diphenyltetrazolium bromide
(0.1 mg/mL)= 2} wellell A 2]3te] 4 AJ7F v <Fe - /0%
insoluble formazan& DMSO®| =©°]iL ELISA reader (Wallac
1420, USA)E &3l 540 nmollA] F3 =5 SAs0 o, ths
o Aoz Axsrgn.

rE
olo
M

Cell viability (%) = ( )>< 100

)
BN
=

Cell base NO assay

HepG2 M ¥Z 24 well plated] 5 x 10°7]E £F3}aL, 447+
Holl Al wjAZ WA F AdAHEE (0.5 2 1 mgmL)e £
F=d 2 A X 2adE AR ek dAE %
lipopolysaccharide (LPS)E 1 pg/mLZ 16 A7+ FoF A 2|51
o AlZ G FSH 100 uLE 96 welldll o531 Griess
49 (1% sulfanilamide/0.1% N- (1-naphthyl)- ethylenediamine
dihydrochloride/2.5% H;PO4) 100 pLE 7}t 58 &
ELISA reader (Wallac 1420, USA) & &3l 540 nmoll A &3%
£ Ao, 3kES o= st HAghs etk

o
oy

Za
)] < 100

il

Nitric oxide Inhibition (%) = [1— (

A

=

Western blot analysis

HepG2 Al EZ 6well culture platesol] 1 x 10%ells/well S &5
5, 2471%2F Fof ZF wellol] Y45 (0.5 mg/mL, 1.0 mg/mL)2]
At E RE NS 2443 Aeeta, A v E wA F,
1.0 yg/mL LPSE 24A17H5<t A siglnh. A8 s Alxe
PRO-PREP buffer (iNtRON, Korea)Z proteinS F& 3,
Bradford¥ (1976)< °©]-&3ste] &ttt 5% protein
10% SDS-PAGES  ©]&8to] 2e]|83laL, nitocellulose
membraneZ A o|A|7] T H]|E5o]% AgS Zol7] 9 5%
skim milk (containing 0.1% Tween-20)5 4°Coll A 16A17F A &
shitt. A g ol A8t primary antibidy™ 9% ¥ cytokine
Tzl o]l TNF-a 2 iNOS antibodies (1:1000, Santa Cruz
Biotechnology, CA, USA.)E A}-83} %1 3L, secondary antibody
+ peroxidase-conjugated secondary antibodies (1:2000, Santa
Cruz Biotechnology)& 0]-83}o] chemiluminescense® <15}
$t). Band %=+ densitometry2 A #HEIL, HE2TFEE
housekeeping -1 A9 B-actins ©]-&-3} T}

ats) A gl & 113

L. brevise] "HEel| 9|7t X FFN9] Fibst &4 S7F

DPPH radical 47%
% FEHY i O ZEdE o= ESR
spectrometerS ©]-8&-3}%] DPPH radical scavenging activityS
A8 A= Fig. 13 2. Positive controll ascorbic acid 2]
A% 05 mgmL9 1 mgmLe] FXolM 22 80.15%, 86.04%
o] 84S YEHIAAL, & FEH9 A F-oll= 27 38.96%,
49.12%% Kim and Lee (2004)°] H.313F 2o 7z np&
DPPH radical 22715 (36~53%)2} B]$t A5 AUt} 814
AR REE 5Y FEA 27 52.82%, 67.51%5
Akt g o] o] A DPPH radical 2427 8H/g o] F7}13k3itt.
olg] gk AF=, thA|ul FE o] wgolot gr e Wgo| 9
3| DPPH radical 24 &4Jo] Z7}5191tH= Eom et al. (2010)3
Bae and Kim (2010)2] A7 A¥ et 2 &S Ve
AT o= HAES gl o) kst FHE VA= Ao
2 4zl A= gEE] Fre] i Ao R AaE
Song et al. (2011)> L. brevis LB-20 ol 93t -4kt &
g o] tiz1<l & FE (ldadol vl A=A 59
E9| §&Fo] FUksklvia ®Hastal vt
(2010)3} Bae and Kim (2010)%= 7] A& 2
FEAANA ] HAs=A FFE FF F7HE RStk
frabre] A5 e e} wgolet 22 e} vla oA
o2 At Mavt Jhssta , Azl FES
glutamic acid®= FH HI 7|4 EZE 7dEHE v
-aminobutyric acid (GABA)Z 2] &&42 3to] 7M58ltt=
Aol QoA FF F T dAEFo A5 E Vs Tl
oA F& Ao R 7|E Tt} (Bae and Kim, 2010; Song
et al., 2011).
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Fig. 1. Effect of lactic acid bacteria fermentation on DPPH
radical scavenging activity of Hizikia fusiforme water extract.
Result are means +S.D. of triplicate data. [, ascorbic acid,
W, A fusiforme water extract; [, H. fusiforme water extract
fermented by Lactobacillus brevis LB-20.
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Fig. 2. Effect of lactic acid bacteria fermentation on hydroxyl
radical scavenging activity of Hizikia fusiforme water extract.
Result are means +S.D. of triplicate data. [, ascorbic acid;
M, A fusiforme water extract; [, H. fusiforme water extract
fermented by Lactobacillus brevis LB-20.

Hydroxyl radical 2~ %

Hydroxyl radical> =3}9} ¥#& %
oA wkgA ol 71 Astel A W 4%
5o Aglel] Fa% 4TS st Aow o
and Wang, 2008). ©] & g+ hydroxy radicaloll &t & =1}
FAt E dagdS )40 2 hydroxyl radical®] A2 S
2138k A= Fig. 29F 2T} Positive controll ascorbic acid2]
79 0.5 mg/mLe} | mgmLe] FEoll A ZH2) 41.27%, 44.36%
o] A JeliglaL, £ FE09 Avols 2 47.63%,
64.16% = Kim and Lee (2004)7} B3 o] 7z A
w2 hydroxyl radical A~ 243 (42~50%)3} rAFSFSI T 814
u]— o )\]——T{— E Hl_e_oﬂ [e) 501 l-:l:oﬂ}\-‘I 7_[1— 61 36%, 79.08% 2.

0.5 mgml FEe] 4§ % FE (MlwE e v A o)
o]’ hydroxyl radical &7 &4 S717F YERRT) o] $

3

ﬁi}‘:. 0)\].‘?- E H]—_g_oﬂo] Zﬂ% ﬂ_%L%o] o].L x%% 184

Shobd Ak X 2 a e 3] ol hydroxyl radical

2 48 7 JE ALR FAEh Eom et al (2010)%

S A as] st el Sl ol sk
ou a8y e X

1 @t Ajolsh e ol xRS ol EAlsh Bk
2o 5, @2 2 AT il o8 AxF A
5ol Apolo] 7]Qlak Ao AZHAL @A) olo] v
A7 Aajo] Hof QX ghom P AT} W g Ao
g,

Superoxide radical &A%

L E AU 24 AEEY oy giAEgell A FA8]
o] A, 2 E gF-EA s E AE el A
AT Sdikae) x| Fo] NEg-EhH ke X" o] YA

201

o] aHolut AlEue] 27} g o] x2 o] &4 drt
(Masaki et al., 1995). @AAtA 9] free radicalol] 3 B3

Y

=
9.7

3=

#2395 57438}7] 130 xanthine oxidase”} xanthine¥} 4} 3}01

uric acid®2 2% 31 (Kuppusamy and Zweier, 1989) ]

== 0, (super0x1de radical) & 5\_7{ o]—** *J,}E E 2= _HIL}-
E = =

4 o A
37. 62%i Kim and Lee (2004)7} Eﬂff} %91 ﬁéiﬁﬂl

]:]_. o]—X] U]— ] )\].;L E Hl—_@_oﬂ e]
467%E N2 % 5
= AES YERIATH , 1 mg/mL &%
ool Ao A w 330 0]—‘/1 o .= EL3}al positive control
2 AFR3E 8 FE 9] ascorbic acid E.t} ¥Holudt superoxide
radical 227 E44& YER AL 9lo] SRS AlosteE A

GAst A=A 9] FFA7F 2 Ao R deE
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Fig. 3. Effect of lactic acid bacteria (LB-20) fermentation
on superoxide radical scavenging activity of Hizikia fusiforme
water extract. Result are means +S.D. of triplicate data. [,
ascorbic acid; W, H. fusiforme water extract; [, H. fusiforme
water extract fermented by Lactobacillus brevis LB-20.
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Fig. 4. Effect of lactic acid bacteria fermentation on alkyl
radical scavenging activity of Hizikia fusiforme water extract.
Result are means +S.D. of triplicate data. [, ascorbic acid,
W, A fusiforme water extract; [, H. fusiforme water extract
fermented by Lactobacillus brevis LB-20.
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Alkyl
FENn A
a7 gRe ARe A
ascorbic acid®] A% 0.5 mg/mL94- 1 rng/mL-OJ
79.51%, 81.25%°] #4d& YehNaL, & 5=
Z+Z} 70.59%, 73.08.%, Akt =
27} 76.34%, 81.07%Z ikt &
radical 227 EAdo] AE FHE=
A AakskA] F alkyl radical 4~7]
<& 7 ascorbic acid®} H] L Al F
radical 22752 YERN S 2™ alkyl radical®] A7
oJuytar &el 2l chitosanTHE U5 g AL S YER
(Lee et al., 2009; Park and Kim, 2007).
olAte] Al A ARNS Eote| 2 ] E

>Fﬂ
bl

Ao =2 alkyl radical
= Fig. 49 2 Positive control <!
oA Zkzk

=R
=~
=

==00 O

= <<= DPPH

radical, hydroxyl radical, superoxide radical, alkyl radical®} -2

7} el radical A& AA T EFE 7L o
O FAe Akt gl oA FrtE e AS &l & 5
AATE olell fakat WE o oA ME HAdo] A HA
BT A BAASAZA 9] o] & The Aol =& FloR
Jhz]of °l~r MTT assays ©]-&3 Al 5300 &3 AFE
Ak
L. brevis®] @l gt & FEN M HUt
Fabdt wEe) o % FEole] A S0 ma 2A
7] 918t MTT assays o83t AE 5o #3 AFE
F8ysriTh (Flg 5) MTT assay©ll 23t A|3E 54 A8 A}
HepG2 A X X S E FEEY 5527105 mgmLe] H$-
112.12%, 1 mg/mLA 45 112.44%0] 3L 2kt & da e
FUFEAAN 47 105.47%, 121.37%2 FAkd Smo] 23
AZ S4e Qs A0 ek vl F& 0] 44
L gy § AEsAel] & Wshrt glar Ao TSl
tha Fbatha maska glow olelg Avks A% W
160
140 -
1204 T
S
= 100 — _
2
S 80
°©
>
= 60 A
[0
o
40
20
0
0.5 mg/mL 1 mg/mL
Concentration

Fig. 5. Effect of lactic acid bacteria fermentation on cell
cytoxicity (Raw 264.7 cells) of Hizikia fusiforme water
extract. Result are means +S.D. of triplicate data. [, Kojic
acid; B, H. fusiforme water extract; [, H. fusiforme water
extract fermented by Lactobacillus brevis LB-20.
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Fig. 6. Effect of lactic acid bacteria fermentation on cell
(HepG2 cell) based nitric oxide assay of Hizikia fusiforme
water extract. Result are means +S.D. of triplicate data. [,
Kojic acid; B, H. fusiforme water extract; [, H. fusiforme
water extract fermented by Lactobacillus brevis LB-20.

FollA FE g ikt
g ol A Fale SHAEAS A et
2] gt} (Eom et al., 2010; Kang et al. 2010). ©]2]3F A
A FF S GadFelA 2ed MAEE o] &8 ok
g AE2F 7 Ve el dAd o= |giEh

W ER Fol BavYEol xFo
A

L. brevis®] W&ol ot X F=dq FAF 24 St

E FEdL sl 24 9ol dFel tEk G4 So
B35 3 9o (Ryu and Kim, 2006), &35 2¥S a3}
7] f15ke] MTT assayell Al Al 5735 YeEhA] & s&=<
0.5 3 1.0 mg/mLell A 3% F=F it fakt 2 daelel s

2498 b9

NO AAdel digk a3}

FAbt £ 2 ade] MXR S A3 (cell protective effect) S
gl FAlol X FR SAE A= AE U NO (nitric oxide)
= AXE W 5420 1 ug/mL LPS R%ﬂi AAAE FEs T
5 FE99 A9 0.5 mg/mL ¥ oA E 3.80%, 1 mg/mLe]
7390l 14.69.%°] NO A34 “xﬂ aEs UrEth] Akt
Z dados 27 11.34% 2 21.95%= Akt 2ol
o3| oA Ao Frletdlom w& oEA AES vER
Ao} (Fig. 6). & Ta FF 42 positive control?] kojic acid

(79.4%, 80.53%) Hth= NO A= A& HojX|&=
Ao Z YepgARE wrg o] AAH sh§HEo] obd A& i

Hehe 4G A5 /K Ao pekeh £e ole)
& Ashe e 2R FEA B4R Tadl o8 9
2ol Skeklths Balsk: g2 A4S HolFa du
(Eom et al., 2010; Kang et al., 2010).

A5 Cytokine T2 (TNF—a 2 iNOS) @& =4

250 F =¥ TNF-a9} iNOSE @ 7|3F &<t oo
NOE A3t 95 #H cytokine WA Z o] 59 @

A4 NOT guanylyl cyclase?] A3 F Ao 9] =49

[ed

|

Lo

<)
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A ZEAS YERIY (Kim et al, 2010). ¥ A2 Fal A EZW
NO B4 A& SAT A3 ik & Hadol o3 NO
Adol AL 2195% AAE = s 13T (Fig. 6). ©lel
FAbt £ g o] AF3H cytokine THE Aol ik A 3|
aE gl HOH HepG2 celloll L. brevis LB-202.2 2 A
7HA A FAE B dada E FEAE 44 05
mg/mL9} 1 mg/mLi gk & 24417k WYkt 3 LPS (1
ug/mL)E A st 24413 H 25 BH cytokine T A
e WM3lE western blotting .2 ol 31t Ag A
positive control®l LPS T 2ol o3t 43 #= cytokine
chl & Q] TNF-a9} iNOSJ] i) o] «—7} }oﬂu} (Fig. 7, lane
2). W, X FEAN FAE  2adE HUke A fede

H5 ¥ cytokine T E o] 01 sk Aaks bl
9}41] 53] 05 mgmL Akt 5% wadS WU A 7
St A3E e AT (Fig. 7, lane 3~6). HepG2 cellol A
Lpsel 9l&] =5z 5 = cytokine T Q1 TNF-a
9} iNOS9] Id Al gt ABASE fAkt & Tadd
1% NO A4 A= dAH L olE $7 AT AUt

7Iv ot

A)
Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6

LPS (ug/mL) - 1 1 1 1 1
HFW (mg/mL) - - 05 1.0 - -
HFWF (mg/mL) - - - - 05 1.0

z

250

200 +
150

100 —

N |—I |—l
0 T T T T T T
3 4 5 6

Lane

Relative protein expression (%)

C)

Lane1 Lane2 Lane3 Lane4 Lane5 Lane6

TFN-a T e — —

B-actin

— — ——

Fig. 7. TNF-a and iNOS protein expression rate of Hizikia
fusiforme water extract (HFW) and H. fusiforme water extract
fermented by Lactobacillus brevis LB-20 (HFWF). A,
Treatment conditions of lipopolysaccharide (LPS), HFW and
HFWF. B, TNF-a ([]) and iNOS (H) expression. C,
Western blotting profiles.

A} A}
WA abA = 2010 FAME A =9 o) A
FA71E7/NEALY A78] X el &l aE Aope] R
olm, ole] FAL=HY Tt (FAHS: 2010-3001).

A g 127
ul

gl

FaEd

Abdussalam S. 1990. Drugs from seaweeds. Med
Hypotheses 32, 33-35.

Baec HN and Kim YM. 2010. Improvement of the
functional qualities of sea tangle extract through
fermentation by Aspergillus oryzae. Korean J Fish
Aquat Sci 13, 12-17.

Bradford MM. 1976. Rapid and sensitive method for the
quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal
Biochem 72, 248-254.

Do JR, Kim EM, Koo JG and Jo KS. 1997. Dietary fiber
contents of marine algae and extraction condition of
the fiber, Korean J Fish Aquat Sci 30, 291-296.

Eom SH, Lee BJ and Kim YM. 2010. Effect of yeast
fermentation on the antioxidant and anti-
inflammatory activity of sea tangle water extract.
Korean J Fish Aquat Sci 43, 117-124.

Guo Q. Zhao B, Shen S, Hou J, Hu J and Xin W. 1999.
ESR study on the structure-antioxidant activity
relationship of tea catechins and their epimers. BBA
1427, 13-23.

Heo SI and Wang MH. 2008. Antioxidant activity and
cytotoxicity effect of extracts from Taraxacum
mongolicum H. Kor J Pharmacogn 39, 255-259.

Hiramoto K, Kato T and Kikugawa K. 1993. Generation
of DNA-breaking activity in the Maillard reaction
of glucose-amino acid mixtures in a solid system.
Mutat Res 285, 191-198.

Hurch FC, Meade JB, Treanor RE and Whinna HC. 1989.
Antithrombotic activity of fucoidan with heparin
co-factor II, antithrombin III and thrombin. J Biol



Chem 6, 361-375.

Jang SE and Chyun KH. 2007. Effects of dietary calcium
level and Hizikia fusiforme supplementation on bone
indices and serum lipid levels in ovariectomized rats.
J Korean Soc Food Sci Nutr 40, 419-427.

Jung BM, Ahn CB, Kang SJ, Park JH and Chung DH.
2001. Effects of Hizikia fusiforme extracts on lipid
metabolism and liver antioxidative enzyme activities
in triton-induced hyperlipidemic rats. J Korean Soc
Food Sci Nutr 30, 1184-1189.

Kang YM, Lee BJ and Kim JS. 2010. Alcohol
metabolizing activity of fermented sea tangle juice.
Korean J Fish Aquat Sci 43, 1-5.

Kim HH, Park GH, Park KS, Lee JY and An BJ. 2010.
Antioxidant and anti-inflammation activity of
fractions from Aster glehni Fr. Schm. Kor J
Micorobial Biothchnol 38, 434-441.

Kim HS and Bae TJ. 2002. Studies on the hydrolysis
of seaweed using microorganism and its application.
Korean J Food Nutri 15, 257-266.

Kim JA and Lee JM. 2004. The change of biologically
functional compounds and antioxidant activities in
Hizikia fusiformis with drying methods. Korean J
Food Culture 19, 200-208.

Kim KI, Seo HD, Lee HS, Jo HY and Yang HC, 1998.
Studies on the blood anticogulant polysaccharide
isolated from hot water extracts on Hizikia fusiforme.
J Korean Soc Food Sci Nutr 27, 1204-1210.

Kim SH. 1990. Antitumor effect of water-soluble extracts
of plants-herbs, seaweeds, and mushrooms in cheju
island. M.S. thesis, Cheju National University, Cheju,
Korea,

Kim SH, Lim SB, Ko YH, Oh CK, Oh MC and Park
JS. 1994. Extraction yields of Hizikia fusiforme. by
solvents and their antimicrobial effects. Korean J Fish
Aquat Sci 27, 462-468.

Koo JG, Jo JS, Do JR, Park JH and Yang CB. 1995.
Chemical properties of fucoidans from Hizikia
fusiformis and Sargassum fulvellum. Korean J Fish
Aquat Sci 28, 659-666.

Koo JG, Jo KS and Park JH. 1997. Rheological properties
of fucoidans from Laminaria religiosa, sporophylls
of Undaria pinnatifida, Hizikia fusiforme and
Sagassum fulvellum in Korea. J Korean Fish Soc 30,
329-333.

Kuppusamy P and Zweier JL. 1989. Characterization of
free radical generation by xanthine oxidase. J Biol
Chem 264, 9880-9884.

Lim SB, Kim SH, Ko YH, Oh CK, Oh MC, Ko YG

Frrel R T 24 117

and Park CS. 1995 Extraction yields of Hizikia
fusiforme and Aloe vera Linne by supercritical carbon
dioxide and antimicrobial activity of their extracts.
Korean J Food Sci Technol 27, 68-73.

Lee SJ, Kim EK, Hwang JW, Oh HJ, Yang SI, Lee SJ,
Jeon BT, Kim SK and Park PJ. 2009. Free radical
scavenging activity of -chitooligosaccharides. J
Chitin Chitosan 14, 24-28.

Masaki H, Sakaki S, Atsumi T and Sakurai H. 1995.
Active oxygen scavenging activity of plant extracts.
Biol Pharm Bull 18, 162-166.

Nanjo F, Goto K, Seto R, Suzuki M, Sakai M and Hara
Y. 1996. Scavenging effects of tea catechins and their
derivatives on 1,1-diphenyl- 2-picrylhydrazyl radical.
Free Radical Biol Med 21, 895-902.

Park KE, Jang MS, Kim CW, Kim YK, Seo YW and
Park HY. 2005. Antioxidant activity on ethanol
extract from boiled-water of Hizikia fusiformis. J
Korean Soc Appl Biol Chem 48, 435-439.

Park PJ and Kim SK. 2007. Alkyl radical scavenging
activity of sulfated chitooligosaccharides by electron
spin resonance spectrometry. J Chitin Chitisan 12,
6-10.

Rosen GM and Rauckman EJ. 1984. Spin trapping of
superoxide and hydroxyl radicals. Methods Enzymol
105, 198-209.

Ryu HS and Kim HS. 2006. Effect of Zingiber officinale
and Hizikia fusiforme water extracts on no production
in macrophage of mice. Korean J Food Nutr 19,
327-331.

Shan BE, Yoshida Y, Kuroda E and Yamashira U. 1999.
Immunomodulating acitivity of seaweed extract on
hu-man lymphocytes Int J Immuno-
pharmacol 21, 59-70.

Shon JH, Kang DY, Oh HC, Jung BM, Kim MH, Shin
MO and Bae SJ. 2006. The effects of antimicrobial
and cytotoxicity of Hizikia fusiformis fraction.
Korean J Nutr 39, 444-450.

Song HS, Kim HK, Min HO, Choi JD and Kim YM.
2011. Change of physicochemical and sensory
properties of Hizikia fusiformis water extract by the
fermentation of lactic acid bacteria. Korean J Fish
Aquat Sci 44, 104-110.

in vitro.

2011 39 10¢ HS
20113 39 18¢ 4

2011 49 59 =g



