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Development of Hizikia fusiformis products
utilizing freezing process.
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SUMMARY

Hizikia fusiformis was known to famous alkaline food including nutritional
important minerals. Domestic Hizikia fusiformis bears more higher quality than
that of Chinese and Japanese on the morphological construction from our
research.

Although high quality, Domestic Hizikia fusiformis was weaken to export in
Japanese marckets rather than Chinese Hiziki., Owing to this marketing
structure, income of the domestic producer had been gradully decreased. For
improving export strategy and manufacturing technique of Hizikia fusiformis,
this project should be developed at the aim of "Development of applied freeze
dried food from Hizikia fusiformis”. In this project, preservation of useful
nutitional components through development of raw material treating process and
manufacturing process by freeze drying method from higher quality Hiziki
should be executed.

From conducting this project, some important results were successfully
accomplished as follows; 1) Characterization of natural Hizikia fusiformis, 2)
Producing condition for freeze drying and concentration of raw  material, 3)
Functional characteristics of Hizikia fusiformis, 4) Development of applied food

from Hizikia fusiformis.
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1. Hizikia fusiformis produced in different regions.

Photo. 1



o 4% "2 1nF

Eo ANFEE, AAE 54 vud 2

2t} Table 1-2014 H&= wpe} 2+

o] %2

=]

o
ox
2

O

23} Table 1-1 2 Table 1-29}
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Uelz glomz AEiA 2 AEe 982 o A NS 1ddto
ARAE AR dart ot B AFE ES o] &3 2F LA E AEe )
WS QJEte] =] A A¥o] F st Abxd wElAd FE&(HFT AEFH)o] &
XA fh Eo] FEde HA 2Ho2E O Longe #Zol7F A3 Shorte] 47}
2o @ Long ¥ Shorte] ¥A7F 45 Agdey, &3 Q@ s4AHUXE A5z
MeE SA7RZxE 8719 AFo] dAsmE Shorte] =77} ASFE HxwFo]
AR FAAZ Aol GEH 1, FE&(AZRFE TH)o] oA Hh A E A
RS AR Qste] 7 dEdE HAHo AEHE 12, e AHE 602 H
7Veta H713 A3E Table 1-3°] YeRWH AT
Table 1-1. Characteristics of wild Hizikia fusiformis produced in different
regions.
Jejudo Wando Bokildo Geheung
Classification
2003 | 2004 | ave. | 2003 | 2004 | ave. | 2003 | 2004 | ave. | 2003 | 2004 | ave.
Long(cane)ngth 317 | 121 | 21.9 | 181 | 164 [17.2 | 420 | 348 | 38.4 [4523 | 21.0 | 33.1
Short(EI\meer 1547 | 844 [119.6 | 467 | 470 | 46.8 2124 |2938 [253.1 |2666 | 52.1 |159.6
Short Length | ag | o7 | 33 | 33 | 24 | 29 | 45| 24 | 69 | 46 | 20 | 75
(cm)
Toﬁé/g;“m 222 | 166 | 194 | 148 | 179 | 163 | 322 | 269 | 205 | 385 | 191 | 28.8
Long Length /
Total Joint 20 |07 | 1.4 | 13|09 11 13 13| 13 ] 12| 11 11
(cm)
Short Number/
Total Joint 71 |51 | 61 | 31 |26 29 | 66 109 | 88 | 67 | 27| 47
(EA)
TOtal(gelght 12 137 | 25 | 05 40 | 23| 19 |127 | 73| 27 | 54 | 41
Total Weight /
Total Joint 557 | 220 [137.8 | 326 | 220 [126.3 | 60.1 | 471 [2655 | 632 | 280 |174.1
(mg)
Weight per Fach | 7201 00 1 239 | 109 |90 | 504 | 92 |4313 | 262 | 105 | 100 | 55.2
Short (mg)




Table 1-2. Characteristics of Hizikia fusiformis produced in different

regions.
o Wild Aquaculture
Classification
Jejudo | Wando | Bokildo | Geheung | Wando | Bokildo
Long Length | o) g 172 | 384 | 331 33.9 49.0
(cm)
Short(El\meer 119.6 468 | 253.1 | 159.6 172.6 | 4879
Short Length | 4 4 2.9 6.9 75 4.0 43
(cm)
Total Joint
(EA) 19.4 16.3 29.5 28.8 25.0 44 .2
Long Length /
Total Joint 1.3 1.1 1.3 1.1 14 1.1
(cm)
Short Number/
Total Joint 6.2 2.9 8.6 55 6.9 11.0
(EA)
TOtal(gelght 2.5 2.3 7.3 41 15 2.3
Total Weight /
Total Joint 12.9 14.1 24.7 14.2 5.9 5.2
(mg)
Weight per
Each Short 2.1 4.9 2.9 2.6 0.9 0.5
(mg)
5o EAS FREE A H3rtst 2R AEFAA D AEY 952 A3
Bol Az 9 A E RAE AdA BAE A e g A AFE A
A, 1E AAA =S AAke] oz YElyTh aYER dxd HARET}
ApAAE D oFAlako]l AR 2 A HEEtts AYE Ao AAse AibEo] W
A ko, A ZolgEd dorn=z AHAU|AHQl SHAA HARE F2ilo]l A 3s)e
2} Azt
Faa B %% Shorte] A7)7} @ibe] wlEte] 2a, FEES =4 3 5 QS
Aoz Fdo] "Wojxlez 2 A A Fed v = ALstt. =3k sk
TOREEH E A E)S U5t Tl AW 22 eyl RAEAN) #
oo



Table 1- 3. Grading of Hizikia fusiformis for obtaining freeze-drying and

freeze concentration products.

Aquaculture Wild
Classification
Wando | Bokildo | Jejudo | Wando | Bokildo |Geheung
Long Length 3 1 5 6 9 4
(cm)
Short Number
(EA) 3 1 5 6 2 4
Short Length 3 4 9 1 5 6
(cm)
Total Joint
(EA) 3 6 2 1 5 4
Long Length /
Total Joint 3 1 2 1 2 1
(cm)
Short Number/
Total Joint 3 1 4 6 2 5
(EA)
Total Weight 5 4 3 4 1 9
(g)
Total Weight /
Total Joint 5 6 4 3 1 2
(mg)
Weight per Each
Short (mg) 2 1 3 6 > 4
A 30 25 30 34 25 32
3 5t 3.33 2.77 3.33 3.77 2.77 3.55
TH T4 3 1 3 6 1 5
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Photo. 1-3. Aquacultural Hizikia fusiformis prepared by natural drying

in different region.
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Table 1-4. Compositions of Hizikia fusiformis produced in different

regions.
_ Chemical compositions (%)
Collecting
Type site
Moisture Ash Protein Fat Carbohydrate
Jejudo 7.080 37.060 16.875 1.430 37.555
va ir.ff) 5.590 32190 | 15688 0.638 45.895
Natural oxildo
Wando 1 aq, 39590 | 13.125 1.564 41.341
(Jeongdori)
Wando
Aqua- (Bokildo) 6.460 41.460 12.813 0.834 38.434
cultural
Wando ¢ 15 36.190 | 16.188 1.800 39.423
(Jeongdori)
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(2) 714 3&=F
Fo] ZF A, FedE R dxe] F71d S Table 1-59 £t %9 I H
W2 Longol Short®th 7719 dhfo] nluwA =7 vetwtom, FAH(REZ
T)o] AAdkET Evh 7 Fr1d Ad e BAE &A%k (Short, Long) »
A4 Long) » €=(Hxd) AA2HLong)ol
;l

K3
= o
3t A%k (Short, Long), = (Hx2]) AA4HShort), 2§ AA2HShort)

Table 1-5. Ash content of wild Hizikia fusiformis produced in different

region.
Ash
Collecting sh (mg)
Type i
site
K Na Mg Ca P Fe
S | 99111 | 24622 | 6564 | 10467 | 546 | 1.39
Jejudo
L | 202667 | 50778 | 10222 | 16044 | 1369 | 1.79
S | 387333 | 70444 | 16911 | 29933 | 4182 | 461
Wando
(Bokildo)
L | 475333 | 94000 | 29667 | 50067 | 7822 | 431
Natural
S 166222 | 23444 | 6624 | 10378 | 2364 | 2.32
Wando
(Jeongdord) | 1 | yiga 03 | 70844 | 14733 | 17644 | 4220 | 261
S | 221333 | 28689 | 6720 | 89.33 | 3009 | 2.46
Goeheung
L | 299333 | 1091.11 | 17333 | 199.11 | 62.64 | 4.42
S | 5566.67 | 900.00 | 18956 | 29156 | 40.69 | 3.28
Aqua- Wando
Boki
cultural | (Bokildo) |\ 1 joon oo | 107033 | 96333 | 34778 | 6173 | 1.49
Average 308089 | 689.26 | 15406 | 22731 | 40.02 | 2.87

_14_



Table 1-6. Ash content of Hizikia fusiformis prepared by natural drying
in different region.
Collecting Ash (mg)
Type e
o1 K Na Mg Ca P Fe
Jejudo 271.20 | 55854 | 114.08 | 119.46 23.89 0.42
Natural (]\3’\; Eﬁ) 20022 | 34848 | 77.85 | 11863 | 2690 | 201
Wando 1 9o 17| 41414 | 8283 | 14118 | 3043 | 325
(Jeongdori)
JSN ir.ll‘éo) 381.65 | 403.04 | 83.39 | 10477 | 3453 | 1.88
Aqua- oxildo
cultural
Wando | oc 11 | 39370 | 5395 | 6100 | 2265 | 088
(Jeongdori)
Average 358.30 | 384.80 | 77.44 102.62 26.04 1.60
Table 1-7. Relative ratio of ash contents calculated on the basis of
average.
) Ash (-)
Type Colleptmg Sum
site
k Na | Mg | Ca P Fe
Jejudo 076 | 1.45 | 1.47 | 1.16 | 0.92 | 0.26 6.02
Natural | Wando (Bokildo) | 0.81 | 091 | 1.01 | 1.16 | 1.03 | 1.26 6.18
Wando (Jeongdori) | 064 | 1.08 | 1.07 | 1.38 | 1.17 | 2.03 7.37
Wando (Bokildo) | 1.07 | 1.05 | 1.08 | 1.02 | 1.33 | 1.18 6.73
Aqua-
cultural
Wando (Jeongdori) | 2.05 | 0.84 | 0.70 | 0.60 | 0.87 | 0.55 5.61

_15_




Table 1-7%

A=

s

H] 1l

KR
=

+47%), HAE(-19%~+26%), $%=

~

AF% (-74%

—~
o
uze)

T

)A
el

\

o7 AFEA

3) &3 =

o] 34 Yol

29

fol QoA AFXA7IERE A

S

el =7F =4 YEhdth

o

_ZTV

Solubility of grinding powder made of natural drying Hizikia

Table 1-8.

fusiformis.

o
2
< | w0
5 | o |
E | = | v
s | = | ¥
= | O
—~
5
-
®©
=
o | oo
S | 6| =
S | o | oo
T R S RS
©
X
197]
o &
£ 25 |3
B o | © | «©
D o | T | <
= @)
@)
)
—
= e
= | T | X | W
S g | 9 | =
O | & | 9 | o~
AR
g
&
o
T | oo | <
= | Q| 0
25 |3
an)
o
S
ks
O 2w
&= o | <
‘0 | O
1% B R 05 B
S
O

)
Ho

Ho
—_

K

7h &

&

ﬂn_wo

B

—_
o

.ZTV

]
M

=
"o

o
me
i

o
K

Ho

AT

7}3

_16_



el
.!:
= vfmn_ ‘}f ‘

&

AA

Photo. 1-5. Manufacturing process of Hizikia fusiformis.

3 % 3 A A2 92 L AFAANA AN BHD Y E AEES



N 14 ABAEH A - FA - GFAE - AN BT, FRAL
wel aEE Fite] 1750 A%

-y
2 2 1R AFAES AEA] BEHIFE B AHEEE Aol
A

e Mo

Jus

(a) Korea (b) China

Photo. 1-6. Product and powder of Korean aquacultural Hizikia

fusiformis prepared by natural drying and that of China.

Table 1-9. Comparisin of Korean aquacultural Hizikia fusiformis and
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that of China on solubility.

L materials
Classification products

(natural drying)

Korea 37.3 33.94

China 23.6 19.35

Table 1-10. Solubility of grinding powder made of natural drying Hizikia

fusiformis.
Collecting site
aquaculture natural
Classification
Bokildo Wando Goheung Jodo Geomundo
Short 47.88 45.98 40.47 43.58 41.34
Long 51.84 47.45 48.16 48.78 45.45
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Apparatus for measuring 3-dimensional structure

2-1.

Photo.

of frrozen material.
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Photo. 2-2. Sample container.
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Photo.
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(Mixing process).
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Grinding A& &2 TZ2(FEH)

Photo. 2-7. ¢] s4ol 93 x4 = Wst 2 AA

(Grinding process).
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Fig. 2-4. Typical exothermic thermogram of DSC.
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Fig. 2-6. Arrhenius plotting for determining activation energy.



Activation energy (Ea, J / mol)

Enthalpy (H, J / mol)
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Fig. 2-9. Free energy in the processing of freezing.
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Fig. 2-10. Entropy in the processing of freezing.

_37_



=7

=

=

A2TRETY o184 €49

=

.
o
1%0
‘ZTI

el

o
K
Nd
el
p
Ho
o)
WK

PR3

}o]

°©

/3 =" Heaterell |

3ol uhebA

[3)

]

A
fus

7}

=

Mo

ey
o
o)
il
™

Mo
Mo

Bl
25

Cpd®),

SR
9,

ap A(AH+ f

F ATt
A

S

:[L

==
T=

2]

.
fite)

|

o

60.0 ~ 66.7%°]

il

AZ3kal, 13 Chambert]e] <F

Table 2-13 #t.

A H,

=4 A%

s

o

|

7 EAAF gk

ol

TR
il
-
o)
o

e

X

1.665
1.788
1.951

Permeability
(x10% m%/s)

-25

Thermal
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Freezing temperature (C)
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Fig. 2-14. Freeze curve of mixing materials(M1) with water

content 97.57%..
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Fig. 2-15. Determination of freezing poimt and eutetic point on mixing

materials(M1) with water content 97.57%.
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Fig. 2-16. Freeze curve of grinding materials(G1l) with water

content 84.95%.
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Fig. 2-17. Determination of freezing poimt and eutetic point

on grinding materials(G1) with water content 84.95%.
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Fig. 2-19. Determination of freezing poimt and eutetic point

on live materials (LL1) with water content 86.42%.
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Table 2-2. Freezing point and Eutetic point of Hizikia fusiformis.

Freezing Eutetic
Base Pretreatment Water content L L
point(C) point(C)
Volume M1.X1r%g 1 97.57 -0.20 -3.90
Grinding 1 34.95 -0.24 -6.14
Live 1 36.42 -0.89 -6.87
Mixing 2 96.42 -0.30 -4.10
Weight Grinding 2 87.29 -0.33 -6.08
Live 2 89.27 -0.40 -7.05
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Table 2-3. Freezing time in different pretreating Hizikia fusiformis on

the basis of same volume.

Pretreatment cor\l)‘z]ei[te(r% ) Sensor No tli:nrqiezirilf)
104.3
104.
107.
120.
187.
183.
183.
202.
277 .
269.
271.
307.

average

—_

Live 109.3

93.40

Mixing 94.65

189.5

Grinding 94.50 281.5

B OO D[ WD [ s oD
WO J|O |||
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Y AF 719 AT FAAFS Live 109.3%, Mixing 189.5%, Grinding 281.5
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Table 2-4. Freezing time in different pretreating Hizikia fusiformis

on the basis of same weight.

Wat ) . .
Pretreatment arer Sensor No | Freezing time(min) average

content(%)
120.4

118.0
117.7
132.3
130.0
141.0
126.7
152.2
122.5
120.0
1185
130.0

[u—

1219

Live 93.40

1375

Mixing 94.65

122.8

Grinding 94.50

WD [ [ W DN WD

Y T 7F9 H FAATE Live 121.9%, Mixing 137.5%, Grinding 122.8

woR HisAANLLE ALY AolE HolX kot Liveet Grindinge] A 2
2&

Y AH 7o Hit FAAZAL Live 2708, Mixing 1330+, Grinding 640
Fog HAFAAZLES LiveZ}t Mixing Bttt ¢F 1/5, Grinding®.tF oF 1/2 A= #

%o $AAXE AR &8st & wo= 548 Container®] &7%o] 2
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Table 2-5. Drying time in different pretreating Hizikia fusiformis

on the basis of same volume and weight.

Base Pretreatment Water content(%)| Drying time(min)
Live 93.40 270
Volume Mixing 94.60 1330
Grinding 94.50 640
Live 93.40 332
Weight Mixing 94.60 136
Grinding 94.50 710

- -1
o AAS HMAM F T LQARte T Table 2-63 2tk & s230x

A A AT 37938, 4539%- 07 7 A JEbsTh

ik
sANx AEAL TEATAY sz H R FAHER A FHA
[e]

Table 2-6. Freeze-drying time in different pretreating Hizikia fusiformis

on the basis of same volume and weight.

Freezing time Drying time Total
Basis Treatment (min) g (A) (rfﬁn? B) (min)
(A + B)
Live 109.3 270 379.3
Volume Mixing 189.5 1330 15195
Grinding 281.5 640 921.5
Live 121.9 332 453.9
Weight Mixing 1375 736 8735
Grinding 122.8 710 832.8

G) 5AAZ 8 A8 BA ¥z
A" AAY T4 A4S et FAAZ
2 A4 NE 2 3% 2)2d getel 7

'"I |
gE ¥ Ao sdhxzE FAVE =%en, Mixing WA g F97F Mg o
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2 Fo 47z 8 AR 17

ul
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(1) (2)
(a) Mixing

(b) Grinding

(c) Live

Photo. 2-12. Color of Hizikia fusiformis freeze-dried.
(1) : Volume base (2) : Weight base
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Table 2-8.  Water contents of Hizikia fusiformis freeze-dried.

Symbol Watelz(;:))ntent Freezing point (C) Eutetic point (C)

L L1 57.0 -2.35 -8.26

L M1 69.3 -1.20 -10.08

L H1 78.2 -0.38 -11.80

L L2 52.0 -2.80 -8.10

L M2 73.2 -1.02 -10.45

L H2 75.6 -0.74 -11.30

sAA s

2 A FEGHER Aolg ol gou, dwHon TANX
A sALEE ¥AHPY -15C ~ -25C o3t LxErt Agsnz A4 AL
xé o

HomKRE -30C ~ -35C=E ZAs

(2) AN H 2L

SAAZS] HaE §18 A8 FX2 Sample container] EVG Alg Fg& Py
2 1d3ste] 7 AlEE 18.0g2 7]+ 22 Sample containerd] 73ttt HFE 5
4 &5 AAL Sample containerdl] F2E e =%=7F LL1, LMI1, LH1Z

Ane 255 -3HTE A WME 71Foz 30T =gsts A, LL2,
LM2, LH2E= B43e £%8 300 4489 W 71Foz 25T wdabs

ARbE sAAReR St HuEY, At or HAFEA2=7F A% A
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Table 2-9. Freezing time on the basis of same weight.

Freezing time |Cease temperature
Symbol Water content (%) _ .
(min) (C)
L L1 57.0 73.63
L M1 69.3 83.50 -30
L H1 78.2 97.48
L L2 52.0 78.52
L M2 73.2 97.94 -25
L H2 75.6 107.84

SRS A4 R sAAETHORNY SAAERANE ST UFEA
o FRFgo] s e L1 2 LL29 FAWZX IS Fig. 2-20 ¥ Fig.

>,
N,
lo
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52
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1S5 oA

z= =
eRsb WesE FAARA Fot
Z

100 200
150
0 —=—Tem 1
0 % ——Tem 2
& 100 % —— Tem 3
-; g ——Tem 4
g & Tem 5
+—
g 50 PO trap—in
= "Q’ —*— trap—out
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0
-50

200 400 600 800 1000 1200 1400

Time[min]

Fig. 2-20. Freeze-drying curve of live materials(LL1) with water

content 57.0%.
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Fig. 2-21. Freeze—-drying curve of live materials(LL2) with water
content 52.0%.
Table 2-10. Freeze — drying time on the basis of same weight.
Water content Freeze-drying Cease temperature
Symbol ) ) o
(%) time (min) ()
L L1 57.0 122
L M1 69.3 186 -30
L Hi 78.2 232
L L2 52.0 142
L M2 73.2 230 -25
L H2 75.6 254
(4) TZ2AZX AFH 428 AY vu
FANZY] AFAHL sAFAYN FEAANXIAHLE FAHHERE F FAHL A
s FFsH Table 2-107 2ok F 4032374 A2 19694 362
= UEu
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Table 2-11. Freeze-drying time of Hizikia fusiformis on the basis of weight.
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Table 2-12. Weight of freeze-dried sample of Hizikia fusiformis

on the basis of same weight.
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( -307C, 782% ) ( =25, 75.6% )

Photo. 2-13. Color of Hizikia fusiformis freeze - dried at

different storage temperature.
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( -307C, 57.0% )

( -30C, 69.3% ) ( =257, 73.2% )

( -307C, 782% ) ( =257, 75.6% )

Photo. 2-14. Color of Hizikia fusiformis freeze — dried at

different storage temperature.
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Photo. 2-15. Hizikia fusiformis prepared by freeze - drying.
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Photo. 2-16. Powder prepared by freeze drying.

(2) A R B
AOACH oate] 543490}
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Table 2-13. Compositions of Hizikia fusiformis produced in different

regions.
) " o
Collecting Chemical compositions (26)
site Moisture Ash Protein Fat Carbohydrate
S 4.90 23.95 3.44 2.32 65.39
Jejudo
L 6.75 25.20 3.47 1.92 62.66
Wando S 6.65 38.41 4.33 2.77 47.84
(Bokildo) | 1| 660 26.61 6.19 2.12 5348
Wando S 4.55 38.59 4.98 3.38 4850
(Jeongdord) | 1| gg9 2754 241 3.03 60.22
S 4.25 40.31 6.50 1.53 4741
Goeheung
L 7.00 28.48 1.76 2.84 59.92
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Table 2-14. Compositions of Hizikia fusiformis produced in different

regions.
) .. o
Collecting Chemical compositions (%, dry base)
site Ash Protein Fat Carbohydrate
S 25.18 3.62 2.43 68.76
Jejudo
L 27.02 3.72 2.06 67.20
Wando S 41.15 4.64 2.97 51.25
(Bokildo) | 1 28,50 6.63 227 62.61
Wando S 40.43 5.23 3.54 50.81
(Jeongdori) | 1 2955 259 325 64.61
S 42.10 6.79 1.60 49.51
Goheung
L 30.62 1.89 3.05 64.43

(2) #14 &F

Table. 2-15. Ash contents of Hizikia fusiformis prepared by freeze drying.
Collecting Ash (mg)
Type .
site K Na Mg Ca P Fe
) S 59754 | 132.11 61.30 132.28 6.09 0.35
Jejudo
L 920.00 | 182.81 56.84 116.14 6.33 | -0.06
Wando S | 1519.30 | 325.96 62.07 109.12 9.11 1.02
(Bokildo) | L | 884.91 | 23368 | 11242 | 25474 | 1894 | 10.13
Natural
Wando S | 1407.02 | 14456 52.21 101.19 | 15.09 | 0.98
(Jeongdori) | 1, | 1013.33 | 208.42 69.33 106.04 | 1954 | 0.00
S | 1498.25 | 180.35 58.07 102.88 | 20.81 | 1.00
Goheung
L 917.19 | 252.98 69.02 101.40 | 19.09 | 0.68
Aqua- Wando S | 1687.72 | 305.88 61.84 8791 1520 | 1.70
cultural | (Bokildo) | 1, | 1150.88 | 336.62 | 72.85 9469 | 1952 | 0.99
Average 1,159.61 | 230.34 67.59 12064 | 1497 | 1.68




= 95 (B4%) AdA2HLlong), ¢E(EA%) F24F (Short), A% 42 2HILong) o 2 LHE}
Gk AAHA AAHEE dE(BZd%) > 1E > du(HED) > AFEe o7 YEy
t & x5 TEAAXAZ BES o]&ste A HAE AAA H@ g ikoe] A
ERgn=y

Table 2-16. Relative ratio of ash contents calculated on the basis of average.

Collecting Ash (mg)
Type site K Na Mg Ca P Fe Sum
) S 052 | 057 | 091 1.10 0.41 0.21 3.72
Jejudo
L |07 | 079 | 0.84 0.96 0.42 | -0.04 3.76
Wando S | 1.31 | 1.42 | 092 0.90 0.61 0.61 5.77
(Bokildo) L | 07 | 1.01 | 1.66 2.11 1.27 | 6.04 12.85
Natural
Wando S | 1.21 | 0.63 | 0.77 0.84 1.01 | 058 5.04
(Jeongdori) | L. | 0.87 | 090 | 1.03 0.88 1.31 | 0.00 4.99
S | 1.29 | 0.78 | 0.86 0.85 1.39 | 0.60 5.77
Goheung
L | 07 | 110 | 1.02 0.84 1.28 | 0.40 5.43
Aqua- Wando S 1.46 1.33 0.91 0.73 1.02 1.01 6.46
cultural | (Bokildo) L | 099 | 146 | 1.08 0.78 1.30 | 0.59 6.2

3) A=
Az A F o0 SAAxA A2EAAEE 20 SalmE Aeite] @4
(@)

AR mow uEARS A= Long©] ShortX

Table 2-17. Solubility of Hizikia fusiformis powder freeze -dryed.

Collecting site
Classification
Jejudo Bokildo Wando Goheung
38.51 34.30
Short 25.56 45.38
(41.98) (35.18)
39.22 35.26
Long 32.76 37.19
(38.57) (35.78)

( ) © collected on July
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H)—FE] A2 YA AXRTAHLS AxE dxo 2375 AAS] 28
2 AlFT 5 A3 FE BESH7] flste] gAeA 3d3F AT =AY Ax
H 2SS BEH7](Germany, IKA-WERKE, MF10)& 3,000rpme &%= A=7]
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Table 2-18. Ratio of water content and powder of Hizikia fusiformis

for extracting liquid.

Mixing Ratio Weight of powder| Weight of water Water content

(g) (cc) (wt, %)

1:5 5 50 90.91

1:10 5 75 93.75

1:15 5 100 95.24

1:20 5 125 96.15

1:25 5 150 96.77

1:30 5 175 97.22

1:35 5 200 97.55

1:40 5 225 97.83
EEY 9 ZF45o 23ES autoclave(130TC, 15718hHe & 1A B F%31%
o FEHY G FEETFTY HEo] 15 11108 Agols 538 Aol o,
1:1.59] Hl&5E FE9 o] Bolxr. F=42 AAEY 7= 6,000rpmel A 20
B AR EYE (RS 9214%)Y FU1E AES VIsoE vt
o HA7FEol gk Fr1d gdEFe] #Al= Table 2-199F 2tk Table 2-199
A wE kel o] FRAel Wb el ¥olAFE K, Ca, Na, Mge srobrm,
ov), ®:ZFE FPush 1409 A
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Table 2-19. Contents of minerals in extractive liquid.

Mixing Ratio

Contents of Minerals (mg)

K Ca Na Mg P Fe n
control 357 98.0 377 78.0 32.3 1.76 0.78
1:5 80.6 4.34 24.6 4.75 1.86 0.14 | -0.044
1:10 45.3 2.96 155 266 | 0929 | 0.159 | -0.057
1:15 31.2 2.96 10.1 218 | 0818 | 0.118 | -0.05
1:20 25.4 2.82 7.69 1.64 1.7 0.106 | -0.059
1:25 20.2 1.63 6.4 1.44 1.07 | 0.095 | -0.06
1:30 16.3 1.68 5.73 0.913 1.41 0.079 | -0.04
1:35 156 1.67 344 | 0768 | 0.795 | 0.207 | 0.026
1:40 96 8.71 13.7 5.5 3.84 4.04 | -0.24

Photo.

2-17. Extractive liquid of Hizikia fusiformis.
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Table 2-20. Ratio of water content and mixing Hizikia fusiformis

for extracting liquid.

.. ) Solid Weight| Water content C.o'ntent of Total Water
Mixing Ratio (2) (2) mixing water content
& & (cc) (g)
1:20 7.86 92.14 200 292.14
1,25 7.86 92.14 250 342.14
1:30 7.86 92.14 300 392.14
1:35 7.86 92.14 350 442.14
1:40 7.86 92.14 400 492.14
1:45 7.86 92.14 450 542.14

Table 2-21. Contents of minerals in extractive liquid.

Contents of Minerals (mg)
Mixing Ratio

K Ca Na Mg P Fe
1:20 12.0 2.8 5.3 1.7 0.5 0.2
1:25 12.1 6.9 5.0 7.0 - 6.9 0.2
1:30 7.1 2.8 2.8 0.8 04 0.2
1:35 6.9 15 3.4 0.8 0.6 0.3
1:40 414 3.3 9.7 2.3 1.1 0.3
1:45 129 1.0 47 0.7 0.5 0.1
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NaOHE ®ojx# pHWsI7F A9 gle A H7A ORP 44 5% 1H4

dom =AY dataE 2 ZZ YEFH F linear regressiondte] 2FEH 712719

Ao x| o] ydAES o] X3 st9em o]& ORP System value
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15 Fig. 3-1. Relationship between ORP
value and pH.
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00 ] B: boundary of reducing decompositions

\ of water (ORP= -0.059 pH)

12 3 4 5 6 7 8 9 1011 12 13 1 Aipurewater
pH

ORP(V)

_66_



o 23 2 1F

(1) ¢ ORP System value

Table 3-114 X= ute}l o] Xo| w oy} tAjute] bzt d o] =4 Uy e
H BALAE Fol @il Foll Hla gAkstE o] thA A YERsT

Table 3-1. Comparison of ORP System value of each sea weed

Place Sample ORP System value
Hiziki 0.128
Wando Wakame 0.071
Konbu 0.108
Bogildo Hiziki 0.146

Table 3-2.&= Z+% 29 ORP System valueE Uetdl Ao zZA] 9 2 WAL
gakste & zbzE BHAC 33.4mM, 1134 mMell sld% = Aoz ekt

Table 3-2. ORP System value of standard materials

Ascorbic acid BHT BHA a-tocopherol
100mM 0.282 0.1344 0.1429 0.1344
50mM 0.2202 0.1278 0.1317 0.1284
25mM 0.1882 0.1244 0.1259 0.1253
10mM 0.17 0.1224 0.1226 0.1236
5mM 0.1634 0.1217 0.1214 0.1229
ImM 0.1585 0.1212 0.1205 0.1225

2. FRAP assay & ©| €3 %9 343y A

7t & 3
free radical & ¢ 7] -2}

Yzoldn o wES BEaolNi sue]
gel 2709 AAAE wEo] AR e EAe, AfdOLe 4L
=] o

)

)

ol
e B4 AXE AAm 9] Jubd o Webdsta, wg 2 wsde v}
Ar ol vk E, Rl FHAT WA wBegolel AW, AR o F
A ke WA YY) AFel, FAAAE QAte] FuEe HHAFE oFA ¥
il k. AAl ulelA Aol Bebd BPom A WAHE oo Fio A
A HULES FER A2 GUBe A oluA oAb BRI B2 2 9o



o] 71l oa Edsle]l AGEHM Al ZF &4 9 vEs FAkst E4
oja AA=] A ‘g M]HL AR 277 @& olF 1 Adnh oug 55
Bl Aol H438] St AY AtA B E S AlASE ol o] AstEH
AA = A gzl o3 A4S A FHedH o)yl AEHE SAJHolEHE ~EH
2~(Oxidative stress)gtil FE2t}, <o £4S Ysl= AO 2= superoxide

anion(O, ), hydrogen peroxide(H-02), hydroxyl radical( - OH), singlet oxygen('Oy)
o] Qi WEOXE £AEE bAoA superoxide anion’} WFEO A1l TS o=

superoxide anion°l| 4] hydrogen peroxide’} A4 %™ hydrogen peroxide= -

hydroxyl radical®} singlet oxygen®] W& A Al Ht}. weha] QAo &84S F=
714de 33 2ok AA superoxide aniont AtAo wlolyA2HdEtE zka 9l7] uj
woll Eebdst ApAle] bFE 27 93] FHel de FHs dEE Ya de &
Ay Fxaxor ZAstslea 3t} 54 hydrogen peroxide: EHxef 78 ¢
Ag 313 25 2] flste]l A sty B e AAAAE flelE il AlEF
A A& dbgste] HaksAdS whEaA; gtk AlA hydroxyl radical S Al A¢

o

S 93le] BEEAE BEO FAYAE MR EHEREH FaYAE wol
o#a Agtstaal o} vlA singlet oxygen AHA19] e oYX S wEla oF
T FUHI5] HxE A" s ge eEgudue 2 gahy
olm, 1900 e M. 2ol 93] A=A Eefddulde ofe] Ao e
Aol ge] dafeel oA Arl=dH, T4 dadxs 34 ddAddE
i gle Holv, - o2 vkl 17he] A= s d e ol Fa A Eh
At 22 A s bgstA Rt g 28 7)o vlstH wkEAdo] S3] Frahe], AbAo}
o

O & my ox

Enﬂ
K3

vhgehol JAEES WEL FRAIN vgete] ARASE YWl

WAQ AREE R el o A, o s Fasth oF 59, ud ws
Ao FHe Afetdnd] daM APsHE Aol B, dRA-AAY FE R
Afet e wgel A olfoldth AEFY AFU FS F/A FAE
53] Bk AR FFol vig Ee Rtk mebd A FE Fog
FU Yo ABAY T AEEAS FANPOEA, w88 PAGD BE 37
o N5e WU sk B WAL ExREE AFne Ay E A
9 wolE Wk ol B9 FEHEL U sl g w=HBS WA
B2 W% Fob RAFORN FRAF I UrHI6)

U As 2 Uy
(1) A5 2 A%

Al k& sodium acetate ¢ glacial acetic acid & YAKURI PURE chem. A}e] A
¢S HCL & DCC chem. A}, TPTZ(2,4,6*tr1[2*pyr1dy1]*S*tnazme)t Aldirch
chem. A}, Ferric chloride(FeCls - 6H.0)= AJAX chem. AFollA Y43
Standards materialE $]3%F Ferrous sulphate(FeSO, + 7TH:0)< JUNSEI chem. A}ell
A TSt sample A4S 9@ AFEE E R 72 2004 7€ e B A

Lol A AHAL HEHE AFEEATH
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(2) FRAP solution A= ¥ Standard curve %4
(7}) FRAP solution A&

AlekA 2 HFH S 300mM Acetate buffer®] #]Z(100ml)A] sodium acetate-0.31g3}
glacial acetic acid-1.6ml& DW<} #Zo] 100ml o] A H7Fstar AlZx & 4T W
& B 40mM Dilute HCl A1Z=(100mD+= 0.15ml1¢] HCIel 100mle] | Al
DWE #7}stal, 10mM TPTZ(24,6-tri[2-pyridyl]-s—triazine) Al 22 (10ml) = 40mM
HCI 10mlell 0.031g¢] TPTZE Y1 =Y u= 50C water bathol A =o]i 20mM
Ferric chloride A Z(10ml)+ Ferric chloride(FeCls - 6H-0)-0.054gS 10mle] DWel
g A A AbgEA . TPTZ ¢ Ferric chloride &= =& Al A %3fo] AFREA
[17].

(}) Standard curve &4
0.0278g2] FeSOy - 7TH:0S 100mle] DWoll =34 1mM< FeSO, solution(100ml)

A zsta, A Fe] DWE 8439 Standard concentration(mM)S 2HA] &} T}

Table. 3-3. Standard concentration method

Standard concentration | FeSO4 + 7TH20 solution Distilled water
(mM) (ml) (ml)

0.1 1 9

0.2 2 8

0.4 4 6

0.6 6 4

0.8 8 2

1.0 10 0
ol&2 4 A H Standard concentrations U.V Spectrophotometer(i1 7%= #3433 %
ME olgstel OD.F ZHsta T LE Aystel EASHL

(3) 438 WY R o8

(7h) A3 ol &

FRAP(ferric reducing ability of plasma)< sample ¥} FRAP solutiong ©]-&3}<
Al s E S A= HH o2 sample®] FRAP solution ¥ ¥F3-3Fo] 3k =W A
ferric tripyridyltriazine (Fe(III)-TPTZ) & ferrous tripyridyltriazine (Fe(I)-TPTZ)
O 7 upo] WAEEZ o2 UV Spectro photometer(i7tE 44 EA)E o] &
3le] 593nmel Al O.D#ES YERIL o] OD %S Ferrous sulphateE ©]-&3to] gt
¥ Standard curve o #-&sto] A3t s o] Auh}p W =4 S5}
c}H18].
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(W) 243 U4

¥ FRAP solutione ependorf tube Z+7ZF Iml¥ Y1 A5& 30ul® H7F F
vortaxE 3to] F2F2E o]gd 37TCoA 307t HAHSE Al7]a, UV
SpectrophotometerE 37C=Z 4 A7l & 30 ¥ 593nmoll A H] A& 73t

(th) FRAP value 73t+= 24

0.8

0.7 1

0.6

0.5 1

0.4 A

0.D. (593nm)

0.3 1

0.2

0.1 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2

FeS04.7H20
Fig. 3-2. Standard curve of FeSO, - 7TH2O by linear Regression

$¢9] Standard curve®E linear Regression 34 123z e] 1x WA S el
y=0.635x+0.065 °] 4jo] FaixH, £ 2= o]§s FRAP values -3F3it

L= = - B
(1) £9 FRAP value
Fig. 3-3.0lA = AHAE X3 we, gAwtE Bttt o] v o3t thajwtd
Hla] =2 gAtslE s By a BAEL Eo] $xile Hlste] tha =2
9

saksl e S WStk FRAP valuexs HZE2L

150
3100 %.9
g 76.5
o
<
o
L 50 I
32.3 295
0 1
g2rs elrs giroljed  eleciin}

Fig. 3-3. Antioxidative capacity of sea woods by FRAP method.

Table 3-4.9] #5255 FRAP value9t vl s HYS v B2 £
a—-tocopherol ImM A=) 3=, =ik E9 4§ Ascorbic acid 1ImM 4 =l
e = Aoz et
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a-tocopherol
8710.5
4099.8
2056.9
861
418.3
84.6

11422.7
6208.3
2791.9
1207.4

598.5
114

BHA

BHT
4836.5
2649.3
1270.4
464.8
2479
43.3

Ascorbic acid
6306.3
2315
1764.7
721.3
235.8
64.9

100mM
50mM
25mM
10mM
5mM
1mM

Table 3-4. FRAP value of standard materials with their concentrations
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L2 < = L

Ads A3E Table 3-5 o JeEp o 3ated AxA A@S st Fdo=
ettt g% A BAE AL AF i

ChAlmb Btk F54de] o U2 Ao U )
6.31(%)= t& 3 ¢ RET Egon, FFEY HFAZ AR 7hsAdel &
Ao &2 e

Table 3-5. Characteristics of moisture absorption of sea weeds

first second third average (%)
Hiziki(Wando) 6.44 6.37 6.11 6.31
Hiziki(Bogildo) 5.61 4.95 3.86 4.81
Hiziki(Jejudo) 5.97 5.60 5.15 5.57
Hiziki(Koheung) 4.08 3.94 3.82 3.95
Wakame 3.82 3.97 3.95 3.90
Konbu 1.37 1.24 1.37 1.32

4. 74 AAE R 2HF AF

7F & 3
Aol AG= ol e A3tasrs 7leRe 95 S=uH22] 284 Ao Aex
o= FwAZEZ QA pectin, gums, mucilage’t dom, EE&A 2ol Afio=

cellulose, lignin, insoluble non cellulose polysaccharide’} AtH23]. Alo] AfFAi=
WA Ee] HyAAS Y AlA ALRES =953 EH cholesterol& THAA 7]
Fd, vt 5o Aoy oy X85 E37F Qvta s QQH[24,25]. =3
2ol Mol FAAE<Q pentose fraction, cellulose, non starch polysaccaride,

uronic acid Sol| ¢a] ZA=#cto] H*X]%D}I_’ BuEa Q26 dxFe veEdiFs
0

Rl Fzrgol Atk AHdel AgAbEd 94’311 U] A oH27,28]. & 27 ¢
Aol Aol w3 Hro Aol oty sz els AA WM Al &0l
T 784 Aoldwart bF gaEel ew[2930] Tel mEk A Alste] &
Hjsh= Bl ola dR7F EajEo] e #HE& ‘%E}‘ﬂiq% Aol vrs A 31l
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Alg 2 AMSS B (Hizikia fusiforme), V<9 (Undaria pinnatifida), ©HAvHLaminaria
japonica)= EF ZZAER % UIdHFEE alginic acid, laminarin, mannitol,
fucoidins°] €14 Aot

AT A 2o A AFad s A RO AYrieA e Wl

o g

. Az 2 8y
1) A=

2 AR A AR 22 S
of AMAstL, T2 AXAAA ARG o, YL oRE e A7l AAFH T
= qke] vhAlmEe} w5 ARE-EFSI T

(2) 7171 & Al
25 EMAAEZE Fiberteco®, vha7]= IKAAF]  Labortechnik MF
10basicS  o]&3le]  whadtdal,  desiccator® YW Al#H T Dryovens
VenticellAF] KW-1 200D, 111L& AR&3te] 7zstdar, 387X, AbgE Al
ko 2= Junsei chemical co., Ltd®] #fi,[E—#<l &4t} FASIUEFES AR
3l MallinckrodtAl2] 99.5%2] ol A &S A& 9t}

(3) 28
At AFH, EARES AR w1 olgekel A nhA F, ARE o 4g

AE=E A #E(W0)ste] Crucible®d 2L hot extraction unitel] ¥ & o|dw 1.25% 3¢
S oF 150-160mls ¥ AR AIZ T oF 308 % & & aSDirator% 2EAA &
AHe BF g A7 g dE® SRTE columne ¢F 33] AE Aol & e
o4 3

H 1.25%9] ¢kt ES oF150-160mld = @il AFH A7) jr Saka ol wj
d SHTE columne °F 33 A& #<¢ U hot extraction unit
o 1 crucibleE® ZAWA] cold extraction unite 2 &% & ofAlES =2 ¢F 3ml¥ 2-3
3] Aoyl th desiccatoroll Al 1A1ZF A% ®e & 135C Dryovendl A 2A]3F &9
Az A7l F oAl desiccatordll A 1AIZE W & A A THWI). 3] 82 A
600C, 6A17F A= 3]3A17] & desiccatoroll A ¢ 1A A E Walsle] S8 A
SFATHW2). 919 2& A¥S A8 T 3RkEste] 1 HiES Ak Slth
AEE HF2 40 52 @28 29a opdlEe = A= At Adfdo] A
o8 etk o Hdol A
Pentosan % F7]19/F & ¥3%s}

I 3R FAE W g(W2)s A
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< 2441 (Crude Fiber)= Wetdity, Ail= v Ao oA AEski

Z4 7 & (%)=[(W1-W2)+W0]x100

. 5
i
"
5
i

G o] 2AG FAS BAT AWE Fig 449 2o} Fig 444 i v}
o o] %o 2A§ BHe e Az meloly thalmtel vaN Be £
A AHAE Fo 2[99 S dEA B2 4908%, RAEA E2& 4.026%,
TE EE 4583% 183 AFEA BE 8510%E MBS AR FFS B
Stk el wlolsh thAnke] Aol 77t 3625%9) 3732%2 Fo 2AH

10
8.51
~~~ 8 -
PO
D)
4
c
g 6
o) 4.908 4 583
O 4.026 3.732
S 40 3.625 :
Q
L
o
0
Wando Bogildo Goheung Chejudo Undaria Laminaria
H.fusiformis H.fusiformis H.fusiformis H.fusiformis pinnatifida japonica

Fig 3-4. Crude fiber contents of the H. fusiformis by producing district and

other seaweeds.

5. ¢ Tyrosinase A 3}%

7} % A
Melanin® 5242 2 vgze] 1 £Aat dMisfe] nia 24z g 4
aoh wu AR ol oAtk A9, A, FH LE Fol UF AEFIL Fol
Fa, A9, A, g 5o A FHAINNE 3233 HE melanin FH S

2 EZAS AN 7= A Ho] T34l BE
of wa} ke =77 el o, Tyrosinase(EC 1.14.18.1)e] ola) A4 =
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o} = AL Ao w=ZE WA tyrosinase?] FEOo0 T ®I VA Fo EAg =
melanocytegt 1l &8 9-+= AMAHMXEWS melanosomeo| A A A & o] JH w3171 =

AEH[3536] ol AFH Aretu 2 Ad, dnjd g 5 daks EFA71AL A

zukol gyof oo mH FAWo] i, FHS EIe Lo AW B =3}
e FAATI= A 24 4EA Qv ol IR M4 MR IR 53t A4
o] Il ot AT EHdEe gt sA40E Ax APE FX 59 FAAR] Ve
< oFa ATH37,38]. oA 7hA] WXl 712 Fig. 3-5.¢F Zom, o] AiE wet
d Al ¥ 2] melanosome®l| 4] $HA & o] ofn] =23} L-tyrosine®]3,4-dihydroxyphe-

nylalanine(L-dopa) 2.2 3@ o=z o] 7[Hde] A& #rH39]. tyrosin< HWebdl
A XE ol A tyrosinaseo] 23] DOPA, DOPAquinonel. & 2ttt} 1 3 DOPA
quinone®] DOPA chrome, 5,6-dihydroxyindole, indole-5,6-quinone®] % iL, o©]o]A]
indole-5,6-quinone -2 9] FT o] <3 melanine A= A= dHA A

[40-42]. F& o] Wrgo FUd &5EAE= tyrosinase’t FHvlstE stepo®, 1§
o] Whg-& ApsAkstel ofsf vt b gl

Tyrosmase Tyrosmase

Dopa Dopagquincne

oHl
:@\_1 Leucodopachrome (cyclodopa)
OH COOH

Tyrosinase, Peroxidase

peSEE s ol

5,6-indolequinone

Dopachrome

5,6-dihydroxyndole (DHI)

‘/‘\ Dopachrome
Melanln «— m«'— :@j\ Tautomerase
cool OH NH |
5,6-dihydroxyndole-2-carboxylic acid (DHICA)

Fig. 3-5. Formation of melanin via phenolase action on tyrosine.

Tyrosinase= 7713t whke} o] dF wztd Ao oM vig Tad Jd&
3tal 91 9™ melanosome WollA] tyrosine2 AF3A]#A DOPAE WF=+= tyrosine
hydroxylase®, DOPAZS 4F3}A] 7 DOPAquinones %r=i= DOPA oxidase®A %}
S3te] Wgtd FFAE A= key enzymel = F83H43], I1HE R key

enzyme?l tyrosinase €4S J#| i melanin® S A T
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= 7)o xith

AA7FA HAEoA EEl®  tyrosinase ZA JA EHERE FE
secondary metabolite?] kojic acid¢} $-vF--FA|HES ZRE F2]l¥ arbutin, AT
9] oxyresveratrol S°] ¢low 1 9% a-viniferin®} 7ZS stilbeneA 3}t
ferulic acid®} 2 vinilyl A& 9 3}3HE, isoflavonoid+ s°] €A At} o]
arbutin®} kojic acid= "W A2l H7MA 2 A&3tE o] th. 184 kojic acide
=/3[44]0] &l AEA vt sHE Q’\}"ﬂ/ﬂ e AR ol = A}
£S5 FAs7|E ¥ agrE E=Ao] fE JAEZ WolA tyrosinase A
AA 245 Mdst= Aol B8 2 sHA Ao

whebA 2= Eol Fretal Sl tyrosinase & A S =d& BA St o]& A

Fol 28357 A% ¥ ATE AAFAE

i
ol

3]

14
H 1o

o

Mool

2 AgdE g HAZoA AR FAAS 5T
ol AT AL A Fof MixerZ vhafigt & A2 71914 8000rpmel 10+
HS AHAsI AMEsATh tixdoEzs HAepd MAE o
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e As FAste] o] &9& vl 11109 H| &= g
A7 F A m gHo7 ALEEAT 1.66 mMe L-Tyrosine® <) 1ml¥} A 584
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FgzoA F&s] 1023 e Al F Aol FA] Aol ¥ol vt&s AAA

71 ¥ spectrophotometer& ©]-&3}%] 475nmollA FFE=E AT

J

A: L-Tyrosine solution + sodium phosphate +tyrosinase
B: L-Tyrosine solution + sample + sodium phosphate +tyrosinase

C: L-Tyrosine solution + sample + sodium phosphate

Tyrosinase inhibition(%) = A= g — x 100

K

ErEd2H kojic acide FXEH(1, 3, 5 7, 10ug/mh= A}

=
Sof AL 4819l
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[41:1

o 23 ¢ 13

2 ATdAdE B AFEEY Adio] Habd A4 AAlel mA= d¥dFS AR
71 $13Fe] tyrosinase?] A A &3 E in vitro WHoZ ZAHd HT WA
kojic acidE =A== 3}o] W= standard curvets Fig. 3-6.9AAH =71 &

Z}akol] whal A A 2o] Ado] Hi=t 1 Ae y=7.01x-6.930] T}
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Fig. 3-6. Tyrosinase inhibition activity of kojic acid with its concentration.
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dyne/cr) ¢} -0.85(0p, dyne/cm)] &9} HExE AF(K) 1.24(cP), 1.28(cP)&

Herschel-Bulkley 2] (0=00+Ky")el t$)ate] 0=1.24y-0.82 (r*=0.98)¢} 0=1.28y—0.85
(r’=0.99) = F5WAANS Faga, dFFEe A FElgyo v

28 o=

12.6y+0.94 (1’=0.99), &E2H 0=4.08y+0.07 (r°=0.99)S YEFH S =] Bingham -

ADes & F AT AlkaliFEANA I HAEA £ &9 A Hxm AF

098, FrEAF7F n<l <l 0882 W L(r’=0.9%), =2t & &of

AR FzxE AF 465 FEASF7F n<l @9 0802 BYG’=0.99) e = A
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Fig. 3-9. Relationship between shear
stress and shear rate for water
refluxed extracts from Wando and

Fig. 3-8. Relationship between shear
stress and shear rate for acid
extracts from Wando and Bokildo.
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Fig. 3-10. Relatopnship between shear stress and shear rate for alkalin extracts
from Wando and Bokildo.
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o YRzt 9gFE Wasn $A0 SAEt Frhskel E ghaHE AoE
Atedt. a8y AFEEY A5 HeSOoF &4bs /79 &4 Wl carboxyl”]
£ FYAA BIR chaind WP UL Ao Ba 278 PFrAER 4
(15-40C)el M= A= #ol4 WstE IS Zlolzgt Azdt oly3 245 & o
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Fig. 3-11. Variation of intrinsic viscosity with temperature for acidic extract(a),

water refluexed extract(b), alkaline

(3) pHY <93

extract(c) from Wando and Bogildo.

dFFEH £ &99 pH o&ERE A7l fste] pHE 5941(3.0, 5.0, 7.0, 9.0,
11002 243 1{FHdEE SAFAHFig 3-12.). 2 A7} pH 7t stop el whe}
AFAEE S7eke 43S Bk pH7F Sob el wet yeve 1R F
7t 4714k laminaran % fucoidan¥ 2 v dF7F v+ pHol A= Hel>3 ZAgt

st o &2 A gelatinizationS & Al 3}17]
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Fig. 3-12. Variation of intrinsic

viscosity with pH water refluxed
extract from Wando and Bogildo.
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B9} e 2o 8 7Mesly, Alkali & %L Pseudoplastic 4] 2

gelling desserts®! puddings, Chiffons, Pie and pastry fillingss
I S AFol & JhestEet A4t pHel WE Hxe dEAS AFe B
EABAME ALEo] 7hsetel et ddE T

7. =AY BAR) X9 d8 A4 A 2

W}

=5 3
51 7 Al A (Angiosenesis) S 719 oA A 2L o] wtEox= dHo I
Aoz d#AS FAs Jde WTHAMES o] F(migration)Z AMEIF FH
extracellular matrix (ECM)E & ¥ 3ét= & (invasion), 52| (proliferation), &#9
2ol E3}3}(tube-like structures), M =& ECME A, HIEZAH¥x o] 5 &
FatA o] FoyAH, olo] I FEAI} AAELY] dHd oste] HulsHA
A= Aom A ATHT2L
of7loll = ekt X B A dxEe] #odH. FE d9 Y FX EHdEE
angiotropin, epidermal growth factor(EGF), fibrin, heparin—binding growth
factor(HBGF), lipid-derived angiogenic factor, nicotininamide, platelet-derived
endothelial cell growth factor(PD-ECGF), basic fibroblast growth factor(bFGF),
TGF-a, angiogenin, transforming growth factor a and B(TNF-a, TNF-B),
endothelial mitogens©] AIL[72-77], 71E} A2 EZZA] butyryl glycerol[78],
prostaglandin E;¥} prostaglandin E2[79-81], nicotinamide[82], adenosine[83],
hyaluronic acid®] #314H=[84], (12R)-hydroxyeicosatrienoic acid[85], okadaic
acid[86] So] AU, 1 Fo| A E3] vascular endothelial growth factor(VEG
F)= 24-42 kDao = d3 F3A <l xH(vascular permeability factor) 2% &2,
oA Ee] FEe £d FEdARA ARG Gl HE T8 9ES st

H[87], o8 TFAxEAA AA, LR EM, WIARES] olFE FAATIL, AlE

Mo

O

N4 BAATE A B 482 @Ol E YN MEe] FHe AHA
A gy B4e debanka @oHgo] wekd F20xe] Aol ARAAL g
Foode 2@ Wl 9 4 vk Analde] ke A9E ndel duwgy B
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of metalloproteinase(TIMP), Interleukin-12, Retinoic acid, Thalidomide %°] U+
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oz RHZAFU A F 4] angiogenesisolli=  coagulation®] F#HF O] 9li=d]
H

(

[92,93], Eol stf=o] A= YdIdHF T fucoidano] o Fo] &=}

i
ol

>
o,
o

92l heparin¥ Ay A 5do] fAtstel g NG 2H§S UERY ¥ ooyl et
A8 tgs AEA Vel WAL UrHI495]. 1Elal FoRRE g F=
3 g A s F o IOOmg/kg/day%‘. 1097 Foatas o 56.6%9 FF AA
& Boa, £ AL 9%E YEY Ro| FUTAHE AU Y Hus)
A TH96]

el B Ao Ay ndEske] FozRE A d3 g4 oA gy
£ HUVEC (Humen Umbilical Vein Endothelial Cell)2] tube-like formation assay

Z o] &3lo] #eleta FEW fucoidand BT o 2A Eo] AA oA =A
o] 7te S #EE F US AoRE AnHTL

. g 2 B

(1) Al F

Fucoidan< Sigma(USA)ZH-E 43k 21, Dimethyl Sulfoxide(DMSO)ol =]

A8t

(2) Cell culture

Human umbilical vein endotherial cellstHUVECs) & MTT 3|AI=5H F¢3+3
o 3-5 A AS AFE39 . HUVECs 2 2% gelatin(Sigma) 2.2 coating 3F
flasksoll A hydrocortisone, Epidermal growth factor (EGF), Human fibroblast
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growth factor-B (HFGF-B), insulin-like growth factor 1 (IGF-1), vascular
endothelial growth factor (VEGF), Gentamicin sukfate(GA-1000), ascorbic acid,
heparins < &3 EBM-2(Clonetics) wl*]el 2% fetal bovine serum (FBS)E
A7 sta 37C, 5% CO, oA sl o™ confluenced] =g3l=S sl
Aol AF&SFAT

(3) Tube formation assay

24 well culture plateo] 250 wl/well®] matrigel 2 coating 3+ & A3} ¢35}
37ColA 30 =<t wigsta EBM-2d1A 15mles %=tk #j¥3 HUVECsE
trypsin-EDTAE A}-&319] wellZ245-H %':E]ﬂ t}S coating ¥ matrigel plate %

20,000 cells/well o] HF =2 A FE A7l 3 37Col|A 1A7F 3087 vjekst = A
FEF 9wty BAEA B g9 10% DMSO Imlel %2 fucoidan(100mg,
50mg, 20mg)S 91 & 200 RS FoJste] 37 T 5% CO.3A A 44759t

Hj ¥ttt @A 9 tubenet worke] ZolE Aw A3l A plated] wellS EFF %
o2 5 ®of2 o] YA Fhvgl (Nikon, Coolpix)Z &g 3te] 1 944S pixel
2 HEAIZ & NIH image T2 o2 FA319 0

o 23 32 1%

(1) Tube formation assay®l &3 AW AA s a7

(a) Control (b) Wando Hiziki (c) Bogildo Hiziki
(d) Fucoidan 100ug (e) Fucoidan 50ug (f) Fucoidan 20ug

Fig. 3-14. Tube-network formation of HUVEC with extract of Hizikia
fusiformis from Wando and Bogildo, and fucoidan.

_85_



25

o0 |- 19.35

14 .87 15.6
15 | 13.51

Length(-)

4.52

5 1 . 2.77
0

Control 2t=% EZEZ% Fucoidan Fucoidan Fucoidan
10049 50 ug 20ug

Fig. 3-15. Anti—angiogenesis effects of Hizikia fusiformis from Wando and
Bogildo, and fucoidan with NIH image analyser.
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53] = 2 2

[97]. A& Ax=Fe ST &3 B ofde W A4 2 uEu| Al A
2R dom xFe gIAE vdeA st 9ol olE F  alginate,
fucoidan[98], carrageenan % agarose[99] s°] AFHIIEZE o] &EH 1 At TA

el laminaran® FA71E e A vl o FEo] led 2 HEA
ol &3t tido] fucoidan©] tH100]. Fucoidan< heparin® #-& &8 S 4]
ol elo] ¢k B 3 AIDS T &Adeo] Utk Bk AvH101].
% (Hijikia fusiforme)< 2 %2] & (Phaeophyta) 2 X AFHba}el &3t 9-gjvtel &)
F F A FIo] 53] @ol AAdsteE M=ottt AEAE ARt B2 Adshy,
13 $Aem JHAVE ZebAE a2 FoltH102,103]. Fe dnk
, A% 100gd €& 26kcal, &53E 50g, @A 1.9g 18 A
W, 53] Zoe Aeldfiy Za kol A% 100g9 1.0g, 157mgo =
22 =2 199(0.3g, 149mg), ThAvH0.6g, 103mg) Bt =2 Ao =2 e
U104l 53] #A = FFHem A4Fds BA oy dx it Fo &
, FHlzHEY d9 il & 1A 59

o =
=i =
Z7h Emrhe Aol welAD, Aol FRARC Pl R FgAgol

%2 W= e (gourmet) Al A ZEla ledH ol EF AdolA A
3k 2 rtolgtal st} ofd Wl =o] A= Thong-weedd} &Fo] % R %3} FAS AL
op AT =t 4o Herta gt dEGAE dEHoeR ES Avleta e
ARt 7ol A Ao Aarv]el Fobd xR E e Rizto R iR o] &3t
v Yy A B 253 FEE M A vk w ol getal
add Fell v sl AHAEY] wiEE&ed fAIstH A @A, A HA 5
el ABakEEe] 90% 0l e W Zheste]l ARl FEsa e AR dEAn
At

oA B wpel o] B2 v ZArEet 2 VlsAS AL oA E
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3 94 Eaa vk o= AFFHe FF7F dedn 1 s
g3 ARET ane odit bE JAdHz 4A7 vud

o SEFGHS Hol7t Agsinin And

Fo gwe] FAMS TSIse] AH F AANE F ATHO IF Bpdtel AHE

C
stk ®e B3 2ol W& 101% sho] A5 FE5 Ageta

(2) #E7H=
AAES =7 A= v&S 1600:3009] HI&= d4 FE38] AMEsHA T
T A2 CSF corporation®l Al 943 AS 1%5F8&< =z w50 A&

t}. Aspartame[109]2 A& 2] H]3

ol A skl 02%9 F&AS wEo] AR T geraniol, citronellol, linallol,
eucalyptol, menthol> Flukarle] AS AFE3At}. &

Aol A AHT ZAe 1600:3008 Hl&2 A FEste] L AR ARE

&ttt

(3) Aguy
hH E€89 ¥ % éﬂé
e 1, 1:2, 1:3, 1:5, 1:10,

= ) 1:
2 4 —%%’5}04 I FEERE VEEE XA S

(W) = AAGER)S AA
RS A Ask7] flel A 467HA o] A dAqkEs A vl el 2397 vk vt
Tel® B AA ZHE tests] EHUT HAMES =3 A=< W]

=
45 1600:3009] H]& =2 dto] A4 FEA 100ul/mlS E AL}

(th B7HE
% g5 Fud Bt Astel 2% WAES AN 1 EEE

zAbstel AH o) we Fobyrt,
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o243 %2 nF

..vmo

H
Ho

1) ¥ =89 %

1:30
7HE o]
of WA yvehd Folgtal Alm frh 15 A]

=

1.8+0.42
=)

1:20
1.3£0.48 | 1.6£0.52

1.6x0.7

}o]

<

1:10

7F w2 1:109] H|

1:5
o=

1:3
=< 7l

QLN

Imlj

1:2
e o] 7]

ke
T

o)
=)

1:1
3.6£8.4 | 3.8+£0.95| 3.7£0.95 | 3.7£0.95 | 3.5£0.97 | 2.8£1.03 | 2.8+0.63

1.6+£0.69 | 1.8£0.79 | 1.9+£0.57 | 2.1£0.73 | 2.9£0.99
1.7+£0.67 | 1.7£0.67 | 1.920.57 | 2.4£0.70 | 2.8£0.63 | 1.6£0.52 | 1.6%+0.52

o Hl&S 1:1, 1:2, 1:3, 1:5, 1:10, 1:20, 1:30°o.=

uj o] 7|3 =3+ Table 4-13 #t}

1.3+0.48 | 1.7+£0.67 | 1.6+0.51 | 2.0+£0.47 | 2.5£0.7

SR

=

taste

odor

color
whole
taste

]

S

Table 4-1. Taste for hot-water extracts of Hizikia fusiformis.
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(3) A7t &

% 9 FEEY 7S E =07 A 7FA4H1%Y -8 9Y), aspartame(0.2%
£-ol)  citronenol, geraniol, eucarptol, eucarptol, linalool, methol, ¥ F&&, &

FEE, deFss, 7 T8 9ol 1 VIEREE SAHS BATE citronenol,

geraniol, linalool, Bl &FE=, 7letd 5& S5 oS3 &+ vo] A A9
]‘}\}\-L‘ &4 FEEY E4FE29 HUF A wWeute] Asto] ATy A

g =4sqar. FALS W7t AeE Aol

o
=
t}. Aspartame kS

= =4 =
2238 FFo] F2 FH7F=olaL menthold] A AT A FgHol 5o AHESHA

Table 4-2. Taste for hot-water extracts of Hizikia fusiformis with additives.

extract of 1% -
Hiziki citrate 0.2% aspartam | eucarptol | menthol 7|3 %

1 20ml 2.4%£0.84

2 20ml 0.5ml 3.4£0.97

3 20ml 1ml 4.0£1.15

4 20ml 1ml 0.5ml 3.8+£1.13

5 20ml 1ml 1ml 4.2+1.13

6 20ml 1ml 2ml 3.7£0.95

7 20ml 1ml 1ml 2510 5.0£1.05

8 20ml 1ml 1ml 50 5.5+1.27

9 20ml 1ml 1ml 1006 5.3%£1.25

10 20ml 1ml 1ml 500 2540 5.2+1.48

11 20ml 1ml 1ml 500 50u0 5.31£0.95

12 20ml 1ml 1ml 500 100x0 5.8+1.03

13 20ml 1ml 1ml 500 20040 4.9£0.73
Table 4-2014 B+ A3} o] HAY % Fu5= 1200 7 £2 HA5E BS
.
2. 2 o

F 9 ARt gL =2 VIS AL deol®E a2 AP it
S mulabe] AF] A gob 9@ wobe HE F shutolrh £ Ty &u]F
S Eol7] Y8 Aa7HA AdFAstE FEete thE FH HAE A3 £ ol &3
71574 w=el JiEel o w A HIAW X S5E JIEsr] f8 E& ved
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o A% 2 02
(1) Bgznz #5744 2%

Table 4-3. Hizikia fusiformis 1 standard seasoning match

g Az7| E 2% 22 M2 Mg | oot | &%
(a) 1 0.5 0.3 0.6 2.4
(b) 1 1 1 1 0.7 47
© 1 1 0.5 1 0.7 4.2
(d) 1 1 0.5 0.7 0.7 3.9
(e) 1 1 0.5 0.5 0.7 3.7
(f) 1 0.1 0.3 2 0.5 3.9
(9) 1 0.1 0.4 1.5 1.2 4.2
(h) 1 0.1 0.4 2 0.7 4.2
(i) 1 0.1 0.4 2 1.1 4.6
(1) 1 0.1 0.4 2 1 4.5
(k) 1 0.1 0.5 2 0.9 4.5
(1) 1 0.1 0.7 2 1 4.8

99 Table 4-3& % H&S 12 F9L W bl JRES HolT welste] 7]

Bougs 9] 9% AHOE @d el @ AT o Anw 9w x

MEEAe %S ¥ 4 fodn ausa, o)
°]

o] UT kel ® Fo

Table 4-4. Variarion of each component for elavating taste

P Az = 24 ] M? | CiAot | 3%
(a) 1 0.1 0.5 2 1 0.3 0.1 .
(b) 1 0.1 1 0.8 0.7 0.4 4
©) 1.1 0.1 0.5 0.5 1 0.5 0.3 3.7
(d) 1.2 0.1 0.7 2 1.2 0.8 6
e) 1.3 0.1 0.9 1.5 1.4 0.8 6
(f) 1.5 0.1 1 1.5 1 0.9 6
(9) 1.8 0.2 1 1.3 1.2 0.5 6

Table 4-45 VHROR 34 % 3 F FL WIHA/EA URS Yt 4G ¥
A ek AR A} B %
W

A WMekA sk
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Table 4-47} Table 4-3¢] Datags v}
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1.3
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Table 4-5. Variarion of each component for elavating taste based on Table 4-4

Table 4-5

)

o
No

=

4.8

DateZ A

o

0.3
0.3
0.4
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=78 A e
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Table 4-6. Combinations with beef powder based on Table 4-5.
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Table 4-7. Liquid phase seasoning mixing ratio
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Table 4-8. Liquid phase seasoning sensor evaluation

(a) (b) © @ () (f) (©) (h) (i)

A 8 7 6 5 6 7 8 7 7
B 8 7 5 5 5 6 7 5 7
C 7 8 5 6 6 6 7 5 8
D 8 8 6 5 5 5 6 5 7
E 8 7 7 5 4 7 8 6 9
F 7 8 7 7 7 6 6 8 8
G 7 8 7 6 5 6 8 7 7
H 8 7 5 6 5 7 7 7 5

| 7 8 6 5 5 6 6 7 8

J 7 8 7 7 5 7 7 8 9
8| 75 76 61 57 53 63 70 65 75
o) 75 7.6 6.1 5.7 5.3 6.3 7 6.5 7.5

Table 4-88 Table 4-7°] eIl A = sampleES o] &3] %5 HAAILES o
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g 2 9
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3.1+0.876
6.2+0.793
4.9+1.197
5.3+0.949
3.1+0.876

ol ORP System

3.1+0.994
5.9+0738
4.1+0.876
6.1+0.738
4.3+0.947

6.1+1.197
6.8+1.033
6.2+1.032
6.4+1.265
7.0+0.943

3.1+0876
4.8+1.032
4.8+1.032
5.8+1.031
3.2£1.030

o] ORP System value’} 0.146, FRAP value’} 96.9%

4.1+0.876
6.0+1.247
5.2+1.247
6.0£1.247
4.2+1.032

7.0+1.247
6.2+1.229
6.8+1.220
6.0+1.247
5.9+1.449

131.
WA
2
B 2= 7

Table 4-12. Sensory test for concentration of natural product

value”} 0.153, FRAP value”} 7314.8%
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