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Abstract

The physiological properties of extracts from Hizikia fissiforme with different extraction methods (hot water extraction,
autoclave extraction and high pressure extraction) were investigated. The amounts of substances related to polyphenol
and flavonoids contents were the highest in autoclave extract (30.51 mg/g and 4.78 mg/g, respectively). The DPPH
radical scavenging activity was the highest in the autoclave extract (81.80%) at the 5 mg/mL. Autoclave extract
exhibited the strongest ABTS radical scavenging activity and reducing power among the three extraction methods.
However, ferrous ion chelating, TBA reactive substances and xanthine oxidase inhibition activity of high pressure
extract were higher than those of the other extracts. Additionally, the tyrosinase and elastase inhibition activities
of high pressure extract with a concentration of 1 mg/mL were higher than those of the other extracts. These
results suggest that extracts of Hizikia fusiforme have a potential to act as functional materials, and autoclave and
high pressure extractions are superior to hot water extraction for enhancement of the biological activity.
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2220153 490 A 9T (PFLF A 1
st & £ 343 FAste] G o] &S A AT
H dY ARE 3497 AAE RS HS 5% olskE
ZH3 T 40 mesh® EH ko] A}-&-319]Th

Eo] FEWHE B3 SRTE 1159 H&=2 % sl
A 4FZ(water extraction, WE), 11-27}9}5Z (autoclave
extraction, AE), %119} S (high-pressure extraction, HPE)
< AA T FEES AXSYGT WEE 2 S/RTE
1:159] H]&2 7 £ 80CellA] 3AIZM 33] W53 5131
oh. 12714F2 2 autoclave(DF-100A, DURI Scientific
Inc., Bucheon, Korea)E ©]-§-3t] 121 CollA] 1583t F=3}
Row HPEE % AZEY 100 goll 5F< 1,500 mL=
Hd =o s Yol 3717} 507 REE HaS Al
3l & o]2 %1319} AX|(TFS-SL, TOYO KOTASU Co., Ltd.)
o] Yol 100 MPa, 50C2] A2 5717t B¢k FE39]
FZEE9 oH#E 9lste] o #A](Whatman No. 1)E ©|-835
o] ojz} & 719HE 7] (rotary vacuum evaporator N-N series,
Eyela, Tokyo, Japan)2 &%3t] & SHAALE 5%
e =ZAAZFD SFDSM12, Samwon, Busan, Korea)3}o]
S Alzstgon, Azt FE2E42 -50T A3t

2

A Al Abgatdnt

Op

Eeojys ¥ EetEo|E EE

Z29Es S Dewanto 59 WH(11)S o]&-35ko] 4
d45 AYPsat E FE £2S 843 Al 100 pLe]
2% sodium carbonate 2 mL<} 50% Folin-Ciacalteu reagent
100 LS 7}e 3 720 nmoll A F3 =2 289 &
Z2]ds g2 gallic acid(Sigma-Aldrich Co., St. Louis,
MO, USA)e| Aol eJate] drefg Ab=Esiich & Z2
Hi-ol= &S Saleh®} Hameed] HPH(12)90] el A1A|
stk & F& E92 848 A1 100 mLell 5% sodium
nitrite 0.15 mLE 7}3to] 8] & & 25Col|A 621t
W39tk 2 % 10% aluminium choloride 0.3 mLE 7}3}
o] 3] 2’ F 25Tol|A 581t WX T 1 N NaOH
1 mLE 7}ste] 510 nmol|A] S8 58 S35tk & =2
Hizo]= -2 rutin hydrate(Sigma-Aldrich Co.)2] 7 41
o oJste] kS AbEstATh

DPPH % ABTS™ aiCjzt 27 &4

DPPH &tz 2A A& Bloise] HH(13)d] utet &
FZ F2S 343 Al 02 mLol 04 mM 1,1-diphenyl-2-
picryl-hydrazyl(DPPH)-&9 0.8 mLZ 7}ate] 1087t W)
& O 525 mmollA] FFEE SA o A
DPPH radical scavenging activity(%)=100-[(OD of
sample/OD of control)x100]°l] 2]8}e] AH=3}5 T} ABTS
gz 2AZA(14)S 7.4 mM ABTS 2,2’-azino-bis 3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt] 2}
2.6 mM potassium persulfate s S33to] A2 Aol A 24
ARt Bt WA st g ZE FAAIZ F 732 nmellA]
&4 =7} 0.700+0.030°] F == phosphate buffer saline
(PBS, pH 74)2 3]43}] ABTS §-9< Al =319t 54
® ABTS &< 950 Lol = = &&= 34 F A9 50
ILE 7Fete] Aol A 1093 ¥HE-A1Z1 ¥ 732 nmofl A
FTAEE SHsI o, ABTS A4H]2 ABTS radical
scavenging activity(%)=100-[(OD of sample/OD of control)
x100]° o8t 4FE33d

sheley
392 & Sacedehd} Asna®] WH(15)0] Wt B & B
o 2.0

- 8] Al 1 mLoll % potassium ferricyanide -8
2.5 mL%} 0.2 M phosphate buffer(pH 6.6) 2.5 mLE &3+t
& 50Tl A 3083t ¥H-2-A1Z T ©] & 10% trichloroacetic
acid(TCA) €< 2.5 mLE 75t ¥4 E2(1,650 *g, 10
min)& AAISFoH, e 2.5 mLol S/ 2.5 mLe}
0.1% FeCl; €9 0.5 mLE 7}8+ 5 700 nmol A 2 =%

2589,
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A o|2(Fe?*) chelating &4

Yen 59 W60l wet AP APsislon £ F=
EdE 8 Mg Al 1 mL9} 80% ethanol 0.8 mL, 2 mM
FeCl, - 4H,O[iron(IT) chloride tetrahydrate] -2} 0.1 mL, 5
mM ferrozine [3-(2-pyridyl)-5, 6-diphenyl-1,2,4-triazine
-4 4 -disulfonic acid] &< 0.1 mLE H7}gt the &3talo]
Aol A 1023F WAL £ 562 nmollA] FREE S785H
ATt dZF= EDTAE AH&-3tiom A4 ferrous
ion chelating effect(FICA, %)=100-[(OD of sample/OD of
control)x100]°l] 2] d}e] AF=38}S

Of&{t AHHEY

1 mM NaNO, €9 1 mLel & 5% £&< 343 Al
1 mLZ 7}3}3 0.2 M citrate buffer(pH 2.5)%} 0.1 N HCIZ
7¥ete] & 10 mLE Z33kith L & 37 Co|A] 147 vhs-
A7 F 1 mLE FHsle] 2% AN 3 mLe} 30% 2AHE
o2 &3)|gt Griess reagent(1% sulfanilic acid:1%
naphthylamine=1:1) 0.4 mL< 7}8tgith o] & ALo4 15
w2 WA 3] 520 nmoll Al FHEE SH s

X|ehato A=y

Thiobarbituric acid reactive substances(TBARS)+= Buege
<} Aust®] ®WHA7)l w2t S 5HAth. Fish oil 0.5 mLE
3H-f-3l= 0.1 M maleic acid buffer(pH 6.5) 8 mL<} tween-20
50 uLE &3}slod A %3} fish oil emulsion 0.5 mLel FeCl
2 CuSO; - SH,O0Z Fe’* 2 Cu™* %22 50 ppmo| A g
£ 0.1 mL ¥ 55755 1 mLE 7}she] 37TColA 143t
B3 HESAIZl & 7.2% dibutylhydroxytoluene(BHT) 50 1L
£ 7tste] REg-= FAAA T vl 35% TCA®}F 0.75%
TBA 1 mL¥ 7}8l0] 100T 823004 1583 7148 o
AAEE](2,000 xg, 15 min)E AA|SFH o F5nt F
stod 531 nmollA] FF =S =36t th TBARSEA &
Al4F2] TBARS(%)=100-[(OD of sample/OD of control)x100]
of oJsted 2HE3sATh

Xanthine oxidase(X0) AagA

Stirpe®} Corte] W (18)0l] W}t & & £2-Z 3|4gh
A1 0.1 mL2} 0.1 M potassium phosphate buffer(pH 7.5)
0.6 mLo] 2 mM xanthine 7]2¥ 0.2 mLE AH7}sln
xanthine oxidase(0.2 U/mL) 0.1 mLZ 7}8lit}. o}l 3
7CoNA 1582 wHeAIZL $ 1 N HC 1 mLE 7I8k] wHe-2
TAANZ thg, W Foll A E uric acid] FE 292
mo A SHEE S35 o™ A4EA, xanthine oxidase
inhibition activity(%)=100-[(OD of sample/OD of control)>100]
of oJste] LtEsHT)

Tyrosinase XaligA
Jung 521 ®HA9Yel wet E FE 2EE IS AY

0.5 mLell 0.175 M phosphate buffer & (pH 6.8) 0.2 mLZ}
5 mM L-DOPAS&Y 02 mLE &t £
mushroom tyrosinase(Tyrosinase from mushroom, Sigma,
USA, 110 units/mL) 0.1 mLZ % 7}8ke] 37Col|A 3871
HEEAIZ] 5 475 il M 53 =S S Ael 2>
inhibitory  activity(%)=[1-(SAbs-BAbs/CAbs)]*100(SAbs;
Al8e] F3%, BAbs; E4U4ld SRFE WS W
B, CAbs; A8 F29 tiild S/HTE 9IS e
3

Syl ofste] WEHs

o ol

Elastase X all&A

Kraunsoe®] 12000 et & 5 8 348 A9
(T) 0.1 mLell 0.2 M Tris/HCI buffer-&-2(pH 8.0) 1.0 mL¥}
N-succinyl-(Ala)3-p-nitroaniline(10.4 mM) 0.1 mLE 7}%
% 25TA 583 vbeAIZTE ©FS elastase(Pancreatic
from porcine pancreas, Sigma, USA, 1 pg/mL) 0.1 mLE
7¥ste] 405 nmellA 0 minol| A 9] B =S 543 $ THA
25Co A 2027 W3-8k $o] FF =S S ath =z
T(C)2 A5 U4l buffer &5 A8+ T). Elastase A3l
A= A4 inhibitory activity(%)=[1-{T(OD 20
min-OD 0 min)/C(OD 20 min-OD 0 min)}]x100¢] ©] &}
AhEskATh

SAHAzE

RE ARE 33 whES AAste] P o BEHEARE
YERNA 2, 24 752 version 129] Statistical Package
for Social Science(SPSS Inc., Chicago, IL, USA) Software
package program= ©]-8-3}%] Duncan’s multiple range testS
AN B AT

o [

Z Ef|d= ¥ ZEtE-o|E FE

23, € 2 A7 FEU S o] k=
29 & Zelvs % Sgiiecls S ST e
Table 12} 2t} 7t 2w 02 & 259 &2
AT FEE0] 2364%, L7 FEEC] 27.84%, 2%
FEEC) 2933%% 2 FF A M wE 7S Hil
o) FEUO 2 E 3550 F s 4 1
748t F20] 3051 mgg & P B& TS Uehfgle
o G4 F3(24.44 mglg), 21 F3(19.22 mg/p)e] o
2 Uehsith St eols e HAH o R 427478

mglee] WAE Eho] AR1kel £
A i), ¥ APATAE 171
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o2y Feldls o] frelHol ks 24E THE
maillard W-8- Aot @ 7l=i8) Sl ol A=
st 2ol AdE Aer Addr(Q2l).

Table 1. Total polyphenol and flavonoid contents of various
extraction methods from Hizikia fusiforme

Extraction method  Polyphenols (mg GAEI))/g Flavonoids (mg RHEZ))/g

Water 24.44+1.99"™ 436%0.70
Autoclave 30.51+1.85" 4.78+021
High-pressure 19.22+0.07° 4.270.06

"GAE, gallic acid equivalents.

RHE, rutin hydrate equivalents.
Values are means+SD of triplicate determinations.
Different superscripts within a column (a-c) indicate significant differences (p<0.05).
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o
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73—?‘ AAH o= 238t FEE 1 =2 A Ve
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o] Aae s = =
S AAT &+ 9= % 2 3} radical &
zfolo & 2 JJr = Kwon
P ETPE »}Ehmv}

AAE & e 54

S (259 A7-Aztet

Xeiato x|, ofEMY LAHEM U xanthine
oxidase(X0O) Xsl&gM

A%, et 2N o) g3l F2F E F2E
A EPAL AR A, ofF A A A 2 ZEIAES) #3)
48 VeRd A2= Table 29} 2t 1mg/mL°ﬂA1 At
o AL 2% FEEC] 61.93%, EF FEECI
19.35%, IL27k%k FE80] 625% % et 2313t
o] T FEE 5l E2 AAZdS veill= A
4 T AJTE F AFeME T FEEY A o
gol Bz Al Blste] w2 ﬂ*éEr‘ii— e
o] ol2fgt A= el FHrE] e frEAEel AE
ke Aol B2 Oﬂ‘&% i Zﬂ%‘% AlAbstaL §le
(26) 53], sl =7l thFe = FirEo] e alginatestt
fucoidan¥} 72 T2 03% o W A3z FtH)
oA AAGA MM E L7 FEEAA M =2
2AGE1L15%)= JEMII oW E71836%), 21 F
EE@54%)°] o2 et Aitel A2 2 v
9] gk YERJRITE ©]+= polyphenol®} flavonoid 3}3t&
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Fig. 1. DPPH and ABTS radical scavenging of Hizikia fusiforme
extracts with different extraction methods.

Values are meantSD of triplicate determinations. Different superscripts in the figure
indicate significant differences (p<0.05).
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Fig. 2. Reducing power and ferrous ion chelating of Hizikia fusiforme extracts with different extraction methods.

Values are meantSD of triplicate determinations. Different superscripts in the figure indicate significant differences (p<0.05).

Table 2. Thiobarbituric acid reactive substances (TBARS), Nitrite
scavenging activity (NSA) and Xanthine oxidase (XO) inhibitiory
activities of Hizkia fusiforme extracts with different extraction
methods

Extraction method % ’TFII:]};/S ml) (%, fl ISnAg/ mL) X0 (gjﬁ?hrigg/rﬁit)wity
Water 1935+1.05"™ 8364023 24.640.50°
Autoclave 6.25+0.93° 11.15+0.87" 30.20+1.08"
High-pressure 61.93+0.39" 4544123 33.68+0.84"

"Values are meanstSD of triplicate determinations.
"Different superscripts within a column (a-c) indicate significant differences (p<0.05).

o] Fiol| we} Aol glovt ofdatdS BIH o R 4
3}to] nitrosamine®] A4S A ETHE Yamada 5(27)<
B9k fAket AEFE YeRI}lon, 3 Park 5(28)<
T T AxFe TX7Fo 527l vt ofdid
Aol Hojd Ao 2 B et '%% Iol wE
% FZE(1 mgmL)9 X0 AT AAFoz oF
25-34% HEol #HS Yeplow xaqb FEEo]
33.68%% ThE FEE vlgl] =& A3
718l Al XO AsjgAo] SxES & F ULt olgt
A= HAAA 9] XO A 195 =
Uehdthe A2 3H29)9F ok 5 7k el Al ARk
7(4 oz h:p_ x1 aH ﬁ—/ﬂ 7];(] = o :TL(30) g]_ Ecg 5}
epfglon =2 LE:’—E Ag] Al AlzEe] 24
2 13] gallolyl”] & -3 xanthine oxidase ]3]l &3 0]
A &&= Aoz AdETa).

Tyrosinase % Elastase Xl %é‘é
FE S 2Elgh 29 tyrosinase B! elastase A3l &7
£ A E A= Table 32 2o} Hahd A4S tyrosinase,

tyrosinase related protein-1(TRP-1), TRP-2 §4Eol 2|3

2™ tyrosinase= 72| E X 4 Wephd Ao
83 95 d32). Tyrosmase A &4 43
A7}, 1 mgmLe] FEAA 21 FZ4] 4051%, &
7VFFE0] 3251%, 94 FE°] 1606%2] +o 2 Vet
234 FEM F2 S U= 2 S & 5 9t
Na T(33)—°c ol A FEHE o] &3t n%%iﬂ BESaE
tysorinase A& &4 S =33 A3} £} 7]
BHNE B, oA FEHE o] 89S A V1L
%‘—’F FZd gl B A A4S UYepd S Hudly
B Aot fARE 4 el
o3 &g fA)8hs 71 il EQ elastine] F-aljol] ]
ahm, gk AU 9] elasting 3l 3h
=9 YR o] FFxA M= Ao
AR A delo] o FRe] 5 L &y 2yl 58
23k (34). Elastase A3l & e 238 F2
73.79%, 1271} FEA 725% = UERY oA Q1
£ 7R gkoy G F5(5348%)00 Hlgt] =& 44

< Yeide AS ¢ 5 30

Table 3. Tyrosinase and elastase inhibitiory activities of Hizikia
fusiforme extracts with different extraction method

Extraction method Tyrosinase inhibition acitivity Elastase inhibition acitivity

(%, 1 mg/mL) (%, 1 mg/mL)
Water 16.06£2.39"™ 53.4812.66"
Autoclave 32.51£1.80° 72.45£0.75"
High-pressure 40.51x1.74" 73.792.70°

?Valum are meanstSD of triplicate determinations.
Different superscripts within a column (a-c) indicate significant differences (p<0.05).
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