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SUMMARY

I. Title

Development of instant health foods using Hijiki

. Objective and significance

The production of hijiki, major seaweed species in Korea was
increased continuously in the past decade with development of culture
technique. Most of hijiki producted in Korea exported to japan,
domestic consumption of hijiki was restricted as simple processed
products such as raw or dried products.

Recently several studies have been published on biolgical
functions of the component of seaweeds such as anti-complementary,
hevy metal binding, macrophage stimulating and anti—blood
coagulation.

Thus, it is important to develop new product with biolgical

function for the effective utilization of hijiki.
M. Contents and scope
1. Development of seasoned-hijiki products
A. Condition of hijiki pretreatment
As raw materials of seasoned food, hijiki was too hard and

astrigent and required pretreatment to remove astringent

- 17 -



taste(tannins) and improve texture. To determine the efficient
pretreatment conditions, color, texture and chemical compositions of
hijiki were examined varing the heating methods(boiling, steaming,
high pressure steaming) and the extraction times and it appeared
most appropriate that heating time was 10 miniture for boiling and
three hours for steaming as considering texture, the contents of

dietary fiber and iron, and the removing ratio of tannin and arsenic.

B. Development of seasoned-hijiki products
Two types of seasoned hijiki product were developed. One was
hijiki product seasoned with traditonal soybean paste and hot paste,
and the other was semi-dried hijiki product seasoned with soy souce.
The formulations for seasoning in both products were optimized by

sensory evaluation.

C. Preservation conditions of seasoned-hijiki products
The quality changes of both products were investigated during
storage at 4C and 25°C for 2 months. Further researchs are resquired
to determine optimum conditions for packaging and storage of both

products.

2. Development of instant hijiki products
A. Extraction condition of functional component
It was studied to optimise extraction condition of functional

components from hijiki. Yields of soluble component from hijiki

- 18 -



extract was high in alkali extract condition.

B. Biological activities
It was studied to invesitigate biological activities of hijiki
extracts such as anti-coagulant activity, anti-complementary activity,
anti-oxidative activity, anti microbial activity and metal binding

property.

C. Development of instant hijiki products
It was studied to develop instant hijiki products such as
hijiki-soup, hijiki—jelly, hijiki-jam and surumi product containing

hijiki.

IV. Results

This study was performed to develop instant seasoned foods using
hijiki, surplus harvested brown seaweed in Korea. To examine the
changes of chemical composition of hijiki in different time and
different site for its collection, the cultural and the natural hijiki
collected from March to July were examined for chemical
compositions. The contents of protein and lipid were decreased but
the contents of tannin and dietary fiber were increased with harvest
times. As raw materials of seasoned food, hijiki was too hard and
astrigent and required pretreatment to remove = astringent
taste(tannins) and improve texture. To determine the efficient

pretreatment conditions, color, texture and chemical compositions of

- 19 -



hijiki were examined varing the heating methods(boiling, steaming,
high pressure steaming) and the extraction times and it appeared
most appropriate that heating time was 10 minute for boiling and
three hours for steaming as considering texture, the contehts of
dietary fiber and iron, and the removing ratio of tannin and arsenic.

Two types of seasoned hijiki product were developed. One was
hijiki product seasoned with traditional soybean paste and hot paéte,
and the other was semi-dried hijiki product seasoned with soy souce.
The formulations for seasoning in both products were optimized by
sensory evaluation. The quality changes of both products were
investigated during storage at 4C and 25C for 2 months. Further
researchs are required to determine optimum conditions for packaging
and storage of both products.

It was studied to optimise extraction condition of functional
components from hijiki. yields of soluble conponent from hijiki extract
was high in alkali extract condition.

It was studied to invesitigate biological activities of hijiki
extracts such as anti-—coagulant activity, anti-complementary activity,
anti-oxidative activity, anti microbial activity and metal binding
property. The anti-coagulant activity of extracts from hijiki were
high in acidic extract, alkali extract, hot-water extract. especially,
The anti-coagulant activity of fraction(fucoidan) furified from acidic
fraction were high. The anti-complementary activity of extracts from
hijiki were high in acidic extract. The anti-complementary activity

were increased in neutral polysaccharide furified from acidic extract.

- 20 -



The anti-oxidative activity of extracts from hijiki were high in
n-hexane extract. The anti-microbial activity of extracts from hijiki
were high in acidic extract, n-hexane extract, alkali extract.
especially, the anti—microbial activity‘ of fraction(fucoidan) furified
from acidic fraction were very high. metal binding ability of extracts
from hijiki were high in alkali extract.

It was studied to develop instant hijiki products such as
hijiki-soup, hijiki—jelly, - hijiki-jam and surumi product containing
hijiki.

At instant hijiki-soup, it was tried to improve disperse property
of hijiki powder wusing enzyme. The optimum formulation of
hijiki~soup were 10g hijiki powder, bg onion powder, 30g soluble
starch, 209 coffee cream, 10% malto dextrin, 25% corn starch and
7% salt.

At instant hijiki-jelly, it was tried to improve texture of
"~ hijiki—jelly using alkali extract of hijiki. The optimum formulation of
hijiki-jelly were 0.5g hijiki extract, 5g gelatin, 0.2g agar, 10g fructose,
10g sorbitol, 2g grape fruit syrup, 0.02g citric acid, and 73g Water.

At instant hijiki-jam, it was tried to improve texture of
hijiki-jelly using hijiki powder treated 1% NaxCOs. The optimum
fomiulation of hijiki-jam were 10g hijiki powder, 1lg agar, 30g sugar,

20g starch syrup, 20g sorbitol, 0.2g citric acid, and 300g water.
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Table 1. Operating conditions of GC for alditol acetate analysis

Instrument : Hewlett Packard GC Model 5890

Column : SP-2330 (0.25mm I.D, X30m, film thickness: 0.2um)
Oven temp. : Isothermal 230C

Carrier gas : Helium, 11 psi

Make up gas : Nitrogen (30ml/min.)

Detector : Flame ionization detector

Injector temp. : 240TC

Detector temp. : 240TC
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+2M(x) 15.6 14.2 14.0 12.8 13.2 14.6
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E25f 5.0 3.0 1.5 1.5 1.5 1.0
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Picture 1. Seasoned hijiki product

Picture 2. Semi-dried seasoned hijiki product
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7l & F&-EH5EY A2

1)-guid %“—%% 4 HEY Az
Lo 2ZEL B8t 22 20vol. (w/v)e] n-#ak3} 99, 5%o |8k, 80%
HErS T} Z444(pH 6.0, 100C) ¥ LZE|4(1% NaC0; pH 10.5, 70C)E 2+ 7}
sto] 23] WHE FETU F AR Ag AR mE FAARS] Az

2IATE F&3el AT 7is8 EZY A=
1¥A 715280 e
F&3}7] $15te] Fig. 2,33 Z
T X el 10vol. (w/v)e] n-hexaneg 713 40T T8A4tollA 6A]7h4 23
F2T Z& AT 5539 n-hexaneFEE(1)E L3, T Fajof
10vol. (w/v) 2} 99.9% oehe-2 7}sf 40TolA 6474 23
553}o] Et-0H FE2E(1)S |9t
40C AFA=IUA ZHF-EulE FHEAIZD Fale]  20vol. 8] FFHFTE
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Dried hijiki powder

Extracted with n-hexane
Filtered through filter paper

Residue Filtrate
concentrated
Extracted with ethanol Extract [
Filtered
Residue ' Filtrate

concentrated
Extracted with d~HC1(pH 2.1) at 65, Extract II
Centrifuged at 3,000g x 15min

Precipitate Supernatant
Neutralized
Extracted with 1.5% NaxC0s at 100C ILyophillized
Centrifuged at 3,000g x 15min Extract Il
Supernatant Precipitate

Precipitated with ethanol(3vol.)
Centrifuged at 10,000g x 15min

Precipitate Supernatant
Washed with ethanol and aceton concentrated
Drying Lyophillized

Extract IV Extract V-1
Fig. 2. Preparation procedure of extracts from Hizikia fusiformis.
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Extract Il

Dissolved in water
Precipitated with CaCl.
Centrifuged at 3,000g x 15min

Supernatant Precipitate
Dialyzed against water
Precipitated with ethnol(3vol.)
Centrifuged at 3,000g x 15min.

Precipitate Supernatant
Dissolved in water(1%)

Precipitated with 5% cetyl pyridinum chloride
Centrifuged at 3,000g x 10min.

Precipitate Supernatant
Dissolved in 3M NaCl at 37TC Precipitated with ethanol(3vol.)
for 48 hrs. Centrifuged at 10,0009 x 10Omin.
Precipitated with ethanol(3Vol.) | Dissolved in water
Centrifuged at 10,000g x 1Omin, Dialyzed against distilled water
' Lyophillized
Precipitate Supernatant MI—-2(Neutral polysaccharide)

Dissolved in water
Dialyzed against distilled water
Lyophillized

11-1 (Fucoidan)

Fig. 3. Preparation procedure of fucoidan and neutral polysaccharide
fractions from extract Il of Hijiki.
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A 387t Jrstedct nmlg] 37CE 7123 & Thrombin time reagent(bovine
thrombin, 3-4unit/ml of physiological saline) 1004E H7I3l &3 A7

& =4stgrh

2)3RA B 53
A7E gloAl MY FUPE 4TollA 124 WAst &
450g X 10min. )3te] AR L Feslz -70CES 2o BH3}
d8ol AHg-stalTh
R AFH L Mayerdoll ulzt thgzt Zo] &3tk F, NHS, Gelatin
veronal -bufferd saline (GVB™, pH 7.4)3} Sampleg Z}Z} 50u1%] E3}slo] 37
TollA 30E5¢ ¥hgAlZl F ubgdo] GVB™E 350p14 HIPSaL, ol 10~
160WI7ix] @& BAjstdch ofslel Thoml o] GVBUel rel ZHRAWT(Ig
hemolysin sensitized sheep erythrocyte, 10® cells/ml, HZ BiotestBF%ET)
£ 250u14 7kste] 37ColA 1A17H5< WH&AIZich PBS (pH7.2)E 2.5ml% 7}
3lo] 4°C, 2500r.p.m. oA 1037 LA F 4598 FFEE 412molA
ZA3slgr). 8RN P F HA &8 AA]E(ITCHso : Inhibition of 50%

Total Complement Hemolysis)Z. LR SiE].

>
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| =
-

> —lql
e
it
r-{m
fu)
2 J
fd

TCHso of control - TCHso of sample
ITCHso = X 100
TCHsp of control

3) ®atEt =&

7h) AAFAAE &
7} x}E2] DPPH (1,1-diphenyl-2-picryl hydrazyl)o] thgt #x}gof
(EDA : Electron donating ability)& Z33le] BHdHOoZ AN Falzleg =
sladth. &, AE £ 0.2 mlo] 4 x 100* M DPPHEY 0.8 ml$} 0.1

Z—r-'olr
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phosphate buffer(pH 6.5) 4ml2]& 7}3ley vortex mixerE 1032 7¢ e} 10
T F EFF=AE AMESle 525 moflAd] EUEE EFsldct. AxlLdse

tzZol it FRE Aol Urhigic.

-

EDA(%) = ( 1 - ) x 100

U) SOD fAtEA(Relditz £7%) 9 sopgd E7as)
SODF-AH& 43 (SOD-1ike activity)2 AEE HJI8tA & #AL(A)%)
B4 A9(B)8) pyrogallold] ABANEES wlastel AF4E Ao
LEhgls, SoDEA  Z7(activator of SOD)EZ}E= ¥HE-dell  SOD(human
erythrocyte, 2ug/mé)Rt EI7Hgt 3-9(C)2t S0D&E AEE A H7I’ A-$(D)
9] pyrogallol AFEAEEE FA3te] A3t ze] ZHAXE Ueh]t).
SOD-§-AFEHd (%)=(A-B) X100/A
SoDEAE Z7FEIH%)=(D/C-1) X100

= O3S AAF dEMFLE Escher1ch1a colig, 1ukek

38 tNEMTFL.E Bacillus subtilisE Z+z} A}83}¢ix, njokg x|
E. coli+= LB agar(Difco)& B subtilise Nutrient agar(Difco)& A}&3}ict.
2 paper diskHoll 2J3] T2z} Zo] &A3}grt. Stock culterZHE|

Zh 55 UFol2 13 3 sule] AAuix]of FE3l] 30ToA 24X T
ot ZEtujokrlof A ufoFst wjekel 0.1mlE TARIRAe] KeElwtE FUS

A7l F WdH Y3ty oJx|(6mm, Toyo)E wlx] Rl L 7

t
)
A E

& 204% F5A1A E.coli®} B.subtilis: 24A]7, EHols 72A7H%

r&

=
grenjjokr] o A BH"J(E.coli.?—} B.subtilisy= 37C, FHol&= 28T)% F disk
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A|RE wo]&4 10mlo] Zt7} =9 F cd, pb 40ppm £-8L ZZ} 15p1%
A71 F pH 2,008 XAEJII 36T A 4A17F 2yt th NaxC0s 2 F3pA 71
Exuk(Sigma D7884 : M.W. cut-off) 1,200)0] Y3 Elo]24 120mlo] Eof
= &7)o)A 36TollA 18x]7F Iukstadt. At F RN 53¢ F &
2} 3nlE Hy)ste] ©o|242 50ml e AL F ICPE Cdz} Pbe) Tefg &
Aol tRTE AR tiidlo] "ol2sg HUlstel FUsA FH st

Yo, i m¥

()

e fucoseZ standard® A}L-S}o] s|&-FAbH(Dubois et al
(155022 Foisla, QA I BV U ST U, T4 23
A 2

TS &

g 271d gk Z 1483 B4 e E EXsiarct
242 F4N4 o +2 BAE A58 57
xg REHulo] L£HEL) 4 (fater absorption index, WAL) ¥ +E&
= x| 4=(Water solubility index, WSI):= Anderson}H-& HE&3ley v}

2ol &Rt &, nlEl FAE 5%?"{} soml A Eej el A& 1g¥ S/

20m1& ¥ v *‘101]/\1 IA]Z_ 1bsto] 23] A]7) 3L 5000g0] 4] 3057 14
stk A5 dFe a1REEFW) I AAE FABIE 47 FFst ©h
=4 IAHWIS%WSIE 74]'&} Tt

A=A R 1g°ﬂ THE FEUY g WSIE U|RZoA d5ge= 83
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WAI=B/sample weight x 100
WSI=A/sample weight x 100

3) A= 33
RolA FET fucoidan?] fF HEE 24t 3] #isled, M-1¥EL
2.5%5~15%gf o2

e

HHE & Hakke RV20 viscometer(Fisons Instruments,
Valencia, Va)2& 2%2%FE water jacketo] H2F coaxial cylinder
sensor(Sensor system NV, Fisons Instrument, Valencia, Va)& A}£3}o] At
S8 0014 2,500 1/s 714 F7A718A 2Hs B W AW $9L 22°Co]

A z}z} 2gstolct

HAZE 574 |
Az AZY AZ== ARE FY Ao &3 F FAo| <
A= dFHER(AF bem, gl 2om)o] Zz Ro] E wWAHA sz

j=1
Texture analyser(™ 3 Icn’®] proberl&)® &4 3}3ic).

&

F538to] BlAE AAT B o]  10813H(w/v)e B JI8la 120C
ol A 1217t 7hdAt<8taL aNHEY ¥ Novozym(55-60°C, pHb.0)2} Termamyl Type
LS(95°C, pH6.5-8.0), Fungamyl(55-60C, pH6.0), BAN(70T, pH6.0-9.0)2 7}
SISl Zhzhe]l Aol yhgAlZl ¥ wME xx Eistn A2 SFAzAA
HaHE] REEE AZRY F, 8 A5 +ELIE A &4 0 B
HAEE B3 BAEE FFst Eaddol £2 maAe EEug A
o3 7 FARE FUlslel F44 RAZE Azsigon, wguls BxA
A= AR st

1]

ool
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2) B4z AE Ay
Bl BE2ZEHE (fraction V)o] o3 71 2L 8E BIlsto
o] ALojA Aslsle A Rstglom, vignle AR ZAF3Ach

3) B A& s

shhEg AMzEstd 223 &7 A
Fake] Bg 18T Fldstel LAkl SEEULE =
AT(dE, &uE, B9, 74, DAE)E Aol et oy AP &

=2 234 Azstgen, Al A5 AAE AR

rk‘l‘,

slol2E=g Azt

713t AAES Al 33 .
3] 7]%547] Aol METF 2.5%
NaCl1-& 7]—3‘]-@] Speed cutter(National MK-K51)& o]&3}o] 587t 4C o] 3lof]
A AZZolE sigith. ATRE WEAS FUY 3% FE} XoERH £
28 The 0-0.5%2] Z7b2] ul&E AVt & iy AIES A=Y
t}. Z7E22 JZE AATE Casing filmQto] FZ3te] 85TolA 3027
713t o]8 AA]R](Model sausage)E A R3tgith
Eog Ry By v 4z ulgE HUsl AR ofF £AA
1 o] E9] wgtZ =L Rheometer(CD-200D,Sun)E &3 gt Zatxb:= 27
smme] 7S AHgslgen, o] setdu 7H2 27EE H(g)E WABEE
A Uehlgch ofg &A1 2 o5 mgAE Aet ZL2 71F4
Rheometer® ZAslgoni, ZHo| mvtdu] 7ix|8] Zetxle] AEA](m)E =}
thA gl 24 vehigch 2o HEJte] whE MeiwsiE MXfA|(color and color
difference meter, YASUDAA}, UC 6001V)E o|&3le] A3 o™ hunter

)
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scaleol] &J%t L, a, b W AE Z}e = vehjgict MelE Aol standard plate:
WAank s AMESlg o L, a, b2l Zk2 zZ}z) 89.2, 0.921 % 0.78 o]t}
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A2d Az 9 2%

&2 itz 99. 550822 F2UL F$ 47 1L 172} 3.1%, 80%H|ErS
2 324 12.9%, ZF(pH 6.0, 100C)E F&HE Z971 29.675, FF
FEZXE 1% NapC0:2-9(pH 10.5, 70C). 2.8 &3l LY ot E&=
A7 o] 157252 BE FEYSue] F&E] 7MY wUTH

=1
f=4

Ay o

Table 18. Yield of various solvent extracts from

Hizikia fusiformis

(%, dry basis)

Extractin solvent Yield(wt/wt)
n-hexane 1,17
99, 5% Et-CH 3.10
80% Me-OH 12.94
Hot water(pH 6.0) 29.6
1% Na;COs(pH 10.5) 15.72

Zzte] R22Ee A7RIL PRIV SRABY, VaBY, T
FBY U 2ole AYS 5o J54E WY A3 Table 19, 203 2
Th #2527} 99.5% oJThe FEEeINE iz} YW Uk RO
= Uehikon] 80w HEhe 2EEolE bz} wR@el dglth Fo 94



S5 YEA B3} SDRAFEZ(S0D-like activity)o] Sl ZHo® e}
T},

.

¥

Table 19. Biological activities of the various solvent cxtracts

from Hizikia fusiformis

Anti- Anti-comp Anti- Anti- Metal
Extraction solvent coagulant lementary oxidative microbial binding
activity activity activity activity property

n-hexane - - ++ +++ -
99.5% Et-OH . - 4 . _
80% Me—OH - -4 +

Hot water(pH 6.0) - + - - _

s
i
i
i

+

+

dilute-Alkali(pH10.5)

+ ! weak activity, +++ ! strong activity

st 7158 3-*}‘?} A3 ofete A HIoAM FEIGE P FEA
B4 4 gl Uikt oete FAFYEES cia] PCE Az]sto] CPCe}
At FAH: HE(oEE FAFEY 90.4%)3} CPCF AUSIA] o= F
(& "‘732‘.5—" 9.6%) 0% o] S 3T ul cect A F
| Uelsich CPCEAUE R 33242 B 46.34%,

F417] 13.51%, uronic acid 8.17%, Thi#zl 10.10% 3& 21.88%2 Akdticte]
UZF fucoidane] Th¥do] tiyt AYF] gt HEQY o= FUFgony

3R Bl Fgo] e A ko] YolA4F o] oA Zow

T
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Ho} e -\E':ii]¥‘- fucoidang]l RO T AZIEn AMMpHON 2Z&sle] Thizm
2] EQg ZFo|il £EE &old Hr} BHo] AA Heog AzHL)

dg ¢ FEF °ﬂ%. 2 AAA HEoE: FEYS B FHol2
A¥sol Ao FHEL dU4doldrt

2. 2 7s BE FE2

a3

<

o

g 7l =l
7t B 7 B4R &z
Fig. 1, 29} & uhog

A A 2E 16%11*1 Had 74 A=
Al & U H3E A4S U A= Table 20, 21, 229} Zo

P

}i
=< #u

ox,
F[u‘.
firt

Table 20. Yields of the Hizikia fusiformis extract and
fractions extracted successively with n-hexane,
ethanol, dilute acid and dilute alkali.

Factions' Yield(x, wt/wt)

I 1.17

I 1.70

I 34.90

-1 402

-2 0.17

v 46.55

V-1 ' 12.91

‘Refer to figl,2
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Table 21. Chemical compositions of the water soluble fractions

from Hizikia fusiformis

(%, dry bagis)

. Total Protein Uronic acid
Fractions Sulfate
sugar (% as BSA) (%as ManA)
I 29.83 3.72 4.54 10.53
I-1 80.95 5.18 14.56 12.32
1-2 60.78 7.64 7.23 22.52
v 55.34 19.86 5.96 39.98
V-1 3.80 10. 49 2.92 1.54

Table 22. Sugar compositions of the water soluble fractions from

Hizikia fusiformis

(%, dry basis)

Sugar composgion(s)

Fractions Fucose Mannose Galactose Xyloée Glucose Rham. Ara,

I 32.28 4456  9.72
Ii-1 53.5  13.41  19.21
1i-2 17.15 26.69  21.48
v 24.85 450 9.78

6.84
8.92
10.25
6.40

6.60. Tr. N.D.
4,96 Tr. N.D.
1176 12.68 N.D.
1.90 N.D. N.D.

1 2

not detected, <1z
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U & FEEHEY A2 84

1) ¥qg2g
ZEYEESY YAy BEAHE 2B 95t APTT(Activated
partial thromboplastin time), PT(Prothrombin Time), TCT(Thrombin Clotting
Tine)& &73% A= Table 233} ZHth

Table 23. Anticoagulant activities of the fractions of extracts

from H fusiformis

Clotting time(seconds)

Fractions
APTT* - PT’ TT*
Saline 40 11 10
Heparine® 100 - 14
I 87 11 25
-1 236 11 65
-2 40 11 10
1\Y 73 11 14
V-1 40 11 10

'Sample concentration{10004g/ml)
*Activated partial thromboplastin time, *prothrombin time,

“Thrombin coltting time, 530,ug/ml
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§718u] 22YBoAL B0l A8 UEhiA ogtoy), 14 258
3} Qe 2EBME Y 23 Ax w3 Ushded, 1 FoAE 4
B4 22EL CPCE EYY A4TIY "B M-104 713 840l &4 U
Eldth ol slz ZOME S8 2ZFE) LAVE TR ATl
miRige] gaen BHe Ushiths 7182 R1e dxste Azjolch
APTTE W} 914 UJQld HE(intrinsic pathway)o] Holste RS
o ARolL} o] E AHsjELo] EAY o YA Alo] AR, PTE
geyge] 9l HE(extrinsic pathway)o] TS URES] ZHolut A
|E-o] &2 AAE| I, TCTE fibrinogeno] fibrin® 2 HAFT|EE Zo] A
sd o A= AR B3 H3 ey, M-18 ZF ol APTT TCTY o
B B2 gLy} Plof thY E2be Ushlx] Qgtenz, ® 2229 yyd
T 28 Uil 712e Uy ol Bejsis AxE Aoz Qg

=)
s
Aoz AzrHch

Hoo] Hedhe 7]AFolA EAA(Complement system)= A oljA] i
o] hidFogA 2R Fy Zdd A oM pEos
52 ZA 7 o] E FATA, MET &S doAM ME TEEEY &

3y +&& FUdle] A ASt, lymphocytel} macrophage2} ZHE T}
=

(2

fir e
)

rid
£ 8 &
(=

o

£ Urhis 2971 weme, xe
of ZEwI gon, HT RAAS BHEAZ
ABo] it @7t BUS| o]RojX: gt EEE BUEEL 1000

23 Z3E Table 242 Pr}. Y]
20,V R V-1 Bl e WAL HY gk AOE Ushdou atga

CPCE A% s dcidE e 1I-1

i
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B} F47171 A2 29 Yol w2 HEQU M-20A4 o & Fdo] Yl

stet.

Table 24. Anticomplementary activities of
fractions from H fusiformis

Fractions ITCHso
m 61.5
-1 72.0
-2 89.0
v 10.8
V-1 30.9

3) @it 13

71) AxLFels
21d zitste] Aafntgo] ot 4ty UL AEAE R

wtegto vy <okASt §a]r|el 1,1-diphenyl-2-picryl  hydrazyl (DPPH)&
hydrazineF el Z A7) SEo] 9Jo 22 (Blios, 1958) DPPHoll ti3t ¢l
TLoE YatEeS ZARRE A= Table 259} Zth

RoA 23 F2E3 EFES 200, 400 223 2000 wg/mld] 5T A
718te] AAZASS £33 A3, RE HEOM EJ FUS4E ays)
F7tstgen, it FE2EAA B/ 7MY Eol 200ug/nl B GE 91.3%2
Uetytch 22l d#e] 9 FEE] 200ug/ml 714 81.3%E FEpUT £ok
3, 2H8 &Y FEEL AAF AU} g ¥ o= Uiyt
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Table 25. Electron donating ability of the extracts and fractions

from Hizikia fusiformis

EDA(%)
Solvent

200" 400* 2000
I 91.3 - -
II 36.3 : 78.0 68.3
I 2.0 13.9 33.7
m-1 5.5 12.3 26.0
12 11.7 33.6 -
v 81.3 72.3 57.5
V-1 58.7 58.2 48.1

" 'Sample concentration(ug/ml)
“Dissolved in DMSO

Dissolved in distilld water

ul) SODFA} &8 o soD ¥ F4E
% $EE SODHAFE/A(S0D-like activity)2 &A3t ZHz}: Table
I Zoh ARFFEE(INoA 8ol 9 Aog Uelyton N-1E &)=

m
SOD B4F7 &A= g Aoz eyt
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Table 26. SOD-like activity and activation effects on human
erythrocyte SOD of the extract and fraction from

Hizikia fusiformis

Sample Concentration S0D-1ike Activator of SOD
(ug/ml) activity(x) (%)

m 100 8.70 27.27
1000 7.25 27.27

5000 26.09 22,72

-1 100 4,35 22.72
1000 11.59 27.27

2000 50.72 136.36

AURE Adsifols Kol BEfERC] Uty duA Ha
Zoj4ol o2 Ago] HUrke A, HAUFT slFRTH o243 4Tt
3

of =

£ AFYE olgo] FFPELC] AT A2 & oA IHYPES

gEdol ozt A3t chdE e A Sted, slzold Fw, PulolL

4 BAL UAstEE AlxE 1950dchol]l AlZE o] 1870dT] o] Fo s A

A= gk 1 A AZ7A o] B3EEc] ¥ EFEA EHYR F
3tE, "HEH

=3 2
BRL Akt BANYE, wE PUF TR HYE, B
= Q
T, T

BE(1983)= gEALY =X 20F, ZX 4135, TR 705 3 131%4 3

Zo] tisiA WL FHES dojA 4% nmAE E. coli, B. subtilis, S.

cerevisiae, P. crustosume] Ti%} 3hFAH AF2JE W3t Az} FAT srLE

4E& veiE size 4 SAH= FY] ool sizrelM dx
o

2 &
o] FAEAo] tfeT FHEAL AF AL oFAY EEL FHo]



UElstert EF&EcME el A8 UshuA gtttz B3

A
= sz tidRF, 53] uizl B IR

el

Table 27. Growth inhibition by extract and fractions

from Hizikia fusiformis on microorganisms

Clear zone on plate(mm)

Fractions E. coli’ B. subtilis'

1 8 10

II 0 0

I 7 8

-1 8 20

-2 6.5 0

v 0 0

V-1 6.5 11
'Sample concentration(1000ug/disk), “Dissolved in DMSO,

*Dissolved in distilld water 4Semi‘crz-msparent

YEYHE A3l AYS2EBNA Uehd) oD 238 29 of
E[l.

FE2T -’F%%Oﬂ/ﬂ%f g0l L}E}"“”&L} Ao mMA F&sta
b

Ao %‘*é =3do] %Zﬂﬁ}—tf Aoz FFEHUD 4t F2ER
Q
=

7 o2 eyt



3. 7164 A& olFEE 54

Buizl Fosle B 48 Jela BE P/ XA ERE
o] gl B7AS EM3lTHE 28). & Edol: ZES] Il /¥ WL
thgog %, UEE] Wol REHC UArh *W%”‘"i FE¢ FE=
oA ZE o] MY WA, TheoE UEE, Z#, ulave €22 Y
Elgtth. Atd gdog F&83 o 7 "o“ﬁ.‘?-i AL BZA Fiolt
ol TR Rrjde] ZaHYoL, ZEUYL LY IV AR UE
gyl 22 ZzF tie FeEolds YUMUEES A2Y W Agshe
Bt UEE g0 2% R UEFS] el 7 wiI, 29
o Yo tiar YRFo UE ZE TILS ule FHrhk IEAE EE]
2257 oldL STl 2EEFolE RELoIMS o] ZE2] ¥l 7}
2 mola, thees UEE, <, nfaue, Ze ¢oldrh. 53 mEgE &
E2EZolL w49 #Fol %‘—E-—Oﬂ vjste] mj¢ A Uikl & 27t
sl 2T AT UERS gifo] 7MY Wi, thEoE IFE Zw o
o ghigo] Wyt

Table 28. Metal concentrations in fractions from HiziKia fusiformis

(Unit : ppm)

Sample Na Ca Mg K P Fe Al Zn As Pb
Hijiki powder 11437 13375 4938 34500 1014 334 169 26 72 12
Acid Ex. 74374 26795 11738 89375 1134 446 147 19 176 5
Hijiki Fuco. 1775 44750 5013 1060 347 918 179 59 5 8
Alkali Ex. 64250 813 541 2200 164 259 116 30 5 7
80%Me—-0OH Ex. 21625 1175 2788 39125 3325 O3 74 26 588 6
Hijiki soup 15250 1388 441 6413 1373 135 269 17 16 4
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5. A% #Y HF MY
R 7158 HES 18T A WY AEFS ABAH FEE JPUsigich

7t R a2 AF Y
B8 S AMAT EaAE XEdel o8 1A FYEE Hvista #

EUNE Y ujdETlo] 2 AL EL Fo MM HE £
de 2ZAF Yel2 pUsiict. ZEEY FAF VRS AP S, 7t
£ AE 30z, A Zeu} 258, S5 AR 25g, UEYLED 13g, A
7g E¥Eo] thsted 1, 5, 10, 15%8] REUE HUISIAL AT FAZ] HE
ZAA} A= Table 299} Zt}.

Table 29. Effect of hijiki powder addition on the sensory
properties of instant hijiki soup

Hijiki Overall
Appearance Taste Flavor o
content . acceptability
1% 2.0 3.1 3.3 3.2
5% 3.9 2.8 2.8 2.9
10% 4.2 2.5 2.8 2.7
15% 3.5 2.2 - 2.5 2.3
o] Fxof T 10%E 7] 7MY £ ZALE Uetgolt ® 5/9Y

olfle} 494 RAWBel TR A% ulge) ¥24F WA Y A

A Uehgth, RAZe) B3} sre Ajasty

i?.;
_orli
2
fo
b
A
o,
i
M
e
filo
=
N
¥ 52

Aotod AzY £Zo| mskinglEE £RY B PURE A7 Tistel
YA WY A3} Gt Y ABES &L HeR
= dusgen Az utg o= Ak Auc A

=z
A F9 B4 g3t BEE Hosle Zo] J1ZET o A uUEbkTh 224



3t T2t EUg SREE AUBIA F5AARR 23 Table 302} Zth

Table 30. Effect of baked onion powder addition on the sensory
properties of instant hijiki soup

Onion o Overall
Appearence Taste Flavor .
content acceptability
1% 4.1 2.8 . 2.9 2.9
3% 4.2 3.9 3.3 3.9
5% 4.1 4.2 3.8 4.2
10% 2.5 3.1 3.4 3.0
Gut BLg 5% ST Ak FazZe utz g 4 AN 7EEs} 7}

108 WAL Qo] mghao] YR ol oty
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Table 31. Formula for the instant soup containing hijiki powder

Ingredient content(g)
Enzyme treated Hijiki powder 10
Onion powder 5
Soluble starch 30
Coffee cream 20
Malto dextrin 10
@ -corn starch 25
Salt 7

E A2 AH2FFL Fig. 4% Zrh. 2aEE /M TEHA 7t
€4 AR =anl, YAE 13 ¢4 IE 5o FUEE F Y
g st Picture 3o RAZ] AF ARIE UEhST

Hijiki powder
|

Mixing with ingredient

I

Packaging

Fig. 4. Preparation procedure of instant soup containing hijiki
powder.
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X Ae] AF g

ZFETH S T, Aely 183 ML= gF 5o 2dss
7IF Egista A2olM Axsle X9 sl HEol ¥E A HE
Azstgict. AT AREE /M A E BEI] S5l APHEo] U=
etele] s=¥ AREE FF3L Falol BEAAESIIGUTHTable 32). 1
HE AuEE ARl s2rt 784S ARER v|dste 215ty
BeBAL 2 4-5%2] Aetel sRolAd J1ZAgdo] Forh AL xolm)
378.7g/cn’ P 3, Swoll A 410.6g/cn’® UERITE 9o AztT Eaa|x o
AT AelEle) HEL sk Fstdch

12 o m¥

2
o,

[o

Table 32. Effect of gelatin concentration on the gel strenth and
textural properties of hijiki jelly

Belatin content Bel strenth(g) Sensory evaluation
3% 80.7 2.5
4% 378.7 3.8
5% 410.6 3.8
6% : 608.4 3.1

Az AF BEEE d& HHdstr) giste] dolA Fek 5%2] Azlele) 3
HE T=EE AVEt Az e AREE ZHs1n BEHANE st
(Table 33). sZAL Az}, Azlel 5xo 0.2%2] AL Fse o 713 7
T2t w3, OuY AREE Ayl dEoR AL mEc Azs

7t Z4" 373.2y/cr’E UElUTh webd Ealz] #Se delely) ghae)
tz} 5% 5l 0.2%% AAsigr].
APZAA ezt ghde] Y, SHESY wRel n MRS

ol

mlo
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T Jgz AnAel FEag Bristel R E Azstgen wighls

Table 343} At}

Table 33. Effect of agar addition on the gel strenth and
textural properties of hijiki jelly made with 5%

gelatin
Gelling agent Bel strenth(g) Sensory evaluation
Gelatin 5% + Agar 0.2% 373.2 4.5
Gelatin 5% + Agar 0.4x% 432.5 3.1
Gelatin 5% + Agar 0.6% 391.9 2.6
Gelatin 5% + Agar 0.8% 332.2 1.5
Belatin 5% + Agar 1.0% 214.2 - 1.3

Table 34. Formula of instant jelly containing hijiki

extract
Ingredient content(g)
fraction IV-1 0.5
Gelatin 5.0
Agar 0.2
Fructose 10.0
Sorbitol 10.0
Grape fruit syrup 2.0
Citric acid 0.02
Water 73.0
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Fig. 5. Preparation procedure of jelly product containing

extract from hijiki.
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Picture 4. Instant hijiki-jelly
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Table 35. Formula of jam containing hijiki powder

" Ingredient content(g)
1% Na;CO; treated

hijikz ;;wder 10.0

Agar 1.0

Sugar . 30.0

Starch syrup 20.0

Sorbitol 20.0

Citric acid 0.2

Water 300.0

49 Az 3L Fig 63 vk F, BAES MY FEUe B2 #7}

(<)
SIaL of 3023t 7HEsta o x| FUEE HIIY F 7EsEsle RS
=z

hijiki powder
l

Adding water and Boiling for 30min.
[ .

Adding ingredient

Heating and Concentration

Packaging

Fig. 6. Preparation procedure of jam product using hijiki.
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Fig.7.Changes in breaKing strength of sausage gel prepared from

meat paste of walleye pollack surimi added hijiki.
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Fig 8. Changes in breaking strain of sausage gel prepared from

meat paste of walleye pollack surimi added hijiki.
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from meat paste of walleye pollack surimi added hijiki.
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Table 36, Color characteristics of fish sausage gel
prepared from meat paste of walleye pollack

surimi containing hijiki powder

Hijiki(%) L a b AE
0.0 68.5 -2.05 6.23 21.6
0.05 68.6 -1.0 6.78 21.5
0.1 | 68.6 -1.69 7.60 21.6
0.2 67.1 -1.43 8.86 23.6
0.5 64.4 -0.85 10.9 26.8
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Picture 5. Color of fish sausage added hijiki

Picture 6. Fish sausage added hijiki.
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