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SUMMARY

This study was accomplished to investigate the development of new
process technology of high value—added seaweed rice for increasing the utility
of natural marine products and fisherman's incoming and also the development

of imitation rice by using the seaweed polysaccharides.

1. Seaweed extracts and seaweed itself showed the strong antioxidative
activities and the decreasing effects of the neutral fat and the increasing
effects of HDL-cholesterol level in blood vessel of rat. And, They showed the

inhibitory effects of ACE(angiotensin converting enzyme ) activity.

2 . The hydration rate of salted seaweed mustard became ten times within 4
hrs after immersing in water and in sea tangle, showed 2.5 times increase
within 2 hrs, but in seaweed fusiforme, it didn't change a little. The hydration

rate of raw seaweed mustard was nearly same as in sea tangle.

3. The viscosity and the physical properties were decreased in proportion to
hydration rate. In boiled seaweed rice, its taste, color and external became
better in proportion to hydration rate, but chewiness was good in low hydration

rate.

4. According to the concentration of coagulant, most of colors were shown,
but the difference according to concentration was not so much. Gel strength
increased in proportion to concentrations, but hardness didn't change at the
concentration above 2%. At the concentrations of 0.1% and 1.0%, gel strength
and hardness increased during 3 hrs coagulation and after then, they

decreased by degrees.

._.21__



5. Plastic of seaweed rice was carried out by the noodle extruder at 3 mm
diameter. At the high hydration rate, the dimension of seaweed rice didn't

change by boiling, and kept its shape and size the same as before boiling.

6. When Gonyak, soybean flour and chlorella were added to seaweed paste at
three concentrations such as 1%, 5% and 10%, gel strength of seaweed rice
was decreased in proportion to the concentration of additives, and also
decreased in hardness. Compared to the gel strength and hardness of
seaweed rice only, they decreased much, which the differences were so big.
Boiling the seaweed rice after adding the three additives, the results of sensory
evaluation were different from each other. When added Gonyak, it became
sticky and chewiness was better than Gonyak-free sample. In the case of
chlorella addition, the external became better, but the smell was not so good
in spite of boiling. But when added soybean flour and Gonyak, the taste and
the color were so good in sensory evaluation, so it increased the functional

properties.

7. When storing the seaweed rice at room temperature, the contamination by

bacteria was so faster than at refrigerated condition.

8. Preservation effect of unsterilized seaweed rice was better in brine solution
water than water, and the package in retort film was better than packaging in
polyethylene film for circulating for long time and it needed to sterilize the

retort film after filling.

9. The acceptability in color of seaweed paste was good in relation to the

dissolution temperature.

10. When adding the wheat flour to 40%, it was good for plasticity. And 30%

addition of rice; powder against seaweed paste addition was good for pasticity
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and extrusion.

11. When the addition of Gonyak to seaweed rice product added seaweed
mustard powder to 10%, the physical properties became worse in proportion to

the increase of concentration.

Second subject : Development of imitation rice by using the

functionality of seaweed.

12. The quality of product made by adding seaweed mustard paste was better
than that made by adding seaweed mustard powder in physical properties.
And in proportion to the increase of hydration rate, physical properties became

waorse.

13. Seaweed rice product made by adding rice powder adequately, was good
in color by shaping and taking in hot-wind dryer, and high-temperature and

short-time sterilization. Moisture content was adequate in 15%.

14. In the stability experiment against the contamination by microorganism of
seaweed mustard rice product packed in polyethylene film, low-temperature

storage at 4°C inhibited its growth rate bigger than at room temperature.

15. Chlorophy!l content of imitation rice decreased to 29% at 4°C and to 7%
at 20°C after storing 4 months and its decolorization was bigger at 20°C than
4°C to be brownish after 120 days. And pH during storage of seaweed rice

was maintained to 7.1 ~ 7.4.

16. Soybean flour, gluten, corn starch, mixed rice powder were added to
seaweed mustard(35%) and rice powder(60%) in 5 ~ 10% content each other.

Taurine and polyunsaturated fatty acid were added to 1% each other, and
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chitosan oligosaccharide, collagen peptide were added 2%. In their sensory
evaluations, it was good in external, but seaweed smell existed after

processing a little and its surface was rough a little.

_24_



Contents

Chapter 1. Introduction of the subjects
Chapter 2. Intra and international Technological
development

Chapter 3. Research contents and results

First subject : Technological development for the
Industrialization of natural seaweed rice by using

the seaweed polysaccharides

Section 1. Research contents

1. Samples for experiments

2. Experimental methods

Section 2. Results

Second subject : Development of imitation rice by

using the function of seaweed.

Section 1. Research object

Section 2. Research contents
1. Samples

2. Experimental methods

_25_.



Section 3. Results

Chapter 4. Achievement of the object and the
contribution for the relative fields

section 1. research objects by years

Chapter 5. Programs for utilization of the results
Chapter 6. Foreign information for scientific
technology gathered during proceeding of

the research

Chapter 7. References

_26__



A1 d AFhE

1. A &

o] 7154e ol43 olulglo]detol 2] A

A 1A A7 Fx
A2 A ARNE
1 Az W Wy

2. 9414

M

% 3%

1

A4 Y FXLEE 4 AR IoklA Y T =

_27_



A1d A ATEE

A 5 % AFALAT] LAY

A 6% dFNLIF M 1T sffAre R

A7 A IR

_..28_



thd oA rt ohvyet AZke] AU AW o 9 A2 AklelA A

A1 & A7 HEANS He
o uheh 4ES JbE A& 227 S

ol UEhA =

K

offy

Hl g oAl AEe] Aol zxFIL 73

o
T

Tl whepa o] Z

e}
AR

ol

sizRe Seluet dzsiold e

%%1

g ol g3t A%

= a#A gtk
LRI Qof ole W &

]

A7l T AP ool Hdd zIAt

Al et

15

-3
e

[¢]

oF
HE d3& P78

e Ay ® ohet g
ohJet T

AMEE 7]

2

HH

AL

i

25%o] Balete] S|z R ThEEe 4

QF
=

=

Tl ol2gt A4

o

)

AW 2]

=
=

U eAAe] 28 71

_29_



o Frizks F 7B iy gAE i de® @ A3t Mool & W
g AAdsietal sh3ich

aHAM &AM Aeshe sfz e AU FAIRY LRI B et
o452 dAF F7I AR FA7EIE LS SlEA AdEe de
g Aol o 9lE # ofuzt FAIE e FadAd MRS HYE & F ds
d& AeE JlhHct.
iz A& Azxstr] flste] ulgelu} chint, & 54 s2F
= iAol BsiAlEA HAsSHA &MY F AHF, & AA Azstyen
olg] Az Jle& AHstd I BEIAE FHAsHTh EY FeFriet ¢
& tHER FAsto] Aol Fugle]l A3 £ de F=E Aystaal
o 71&8 ZF FEolu 78 AEE URT AMEES HUste] A Y
sz gx FAlol st ojnjeo]d etolag A ARAT A £ 2

F717kx] 3 Aadeldt F 7] BAE Bl ¢ F A=F HstAch

_30_



A2 & JUe =0 88

AUl dE ZRE o8 Suivt

3 %
g @R o AUEY e AR dAECU ARE T et rled AU
=1 5=

o

9,
9,
2
N,
a
>
N
4
kd
it i
=
¥
i

. B 5(1995)2 gz} thAukE o] &M sz

= AP A T2 nHE o] &AM EUFLE UEE AFE T vt Ych

K

]

EY £ (1998) 2@ A 5(1996) WY, 2, thAmt & ol&3A Jed AE
Adstr] 213t AT S ERY LS T ARFY ol§ FY AAE B
gt glsdl si2ARE AEsty] flsiM "adt A AHely 243 84 23, 7%
4 AY T& FUT v U3 UEUEY ZE Bastdrch EF ¢ gl £(1998)
< U3} thAu bR E BUHRet 23 it Aol E AR ¢ ERRAE

=l 5% =A< AolZ Y B4y, Fy| FolM JI3 A
*E Gk gk b glch A 5(1999)2 WA fElE A2} 3t B
T8E YA & Sle B2 Ar=2A $RIPtEU 2ol zE EUssto
AHESHEE B WA siEl Bado] gAEAH: dF AAE &

ol2} A = F(1994)2 n]9E R AEHPESY ol
%

R

o]-&3toy the=o] AFAEC] 7HEUI&d therEtet OE
T ZF ZIFAES TEAAR oA I H4aAido] vt = zH
Y TR WA 43 YRR YW A4S WRE 3ta dith 28y AEle
o] Jigolnt JhE XY MAH T&
ol FAg ey HFAEE A1 At FEL oFA g AAo|t) o
of #hME= 7 F(1995), ©] 5(1999), (1998), F+ 5(1997), 7 S(1996)
5o Bavt 9o o] £(1998) & 5(1997)8] BuE gt}

2.
ofr

X

_.81_



Aol WRF AL AA T nlgo|rt chAjut F& o] &34 ThAl

2
=

3}

L

T

2 o]

—

—

Hg ol8% 4% 712 U VRS

5
U olele] tjREe

siz5e) 7]

Lo
Jj)
o

W

1]
T

ol
w

n

u A2 2 AME3RE TiA|nte

743712 st

) Y

.

o ThAubE S Aol

o L=
AR

7= ZLeE UERTiaL st

offy
%0

< thAut 2

% Flo] Folsln AlgAI Azt AWES AT B cytokined] A

AE vehfgdtia Baste] sjzFe] Azl
aut A71E uket o] RFE &3t oA 7HA] JETVIed Al

-

1w

(o]

Pu % 6‘(}/\})\] 7]

3
%t

]

2

7F AREo] A

T
3!

el

AL
OO

o}

of usfo o}
o] s Fsl

3=
=1

SR

]

“

EZ]

=

A

ALRIE7A

ol
-~

o Ay

A

FaAE F $41 W stet vl 37
=

A
3|z 7127

]

Adido] 23 ojof &
uwhepa] £
12 A2

o

W

22 ol& 7R

Alch

At & 4 Tk

——

k-3

~_~

%u

5

HEY UL AHAE A

Ho
N

7}

3l

"

¥ 7t

) Y

T

ol &I A S5l A e UE AL A RS} £
— 32 —_

=

=

Fdsto] o]

(o]

==

olet A €Y ZF AREZ MRES FIReEH e B8l

A7ATe} e RastaA B

&3)7]



A3 & daHd =8 g 2 4

A 1 AFAA : RTIGFRE ol EF A4 sz &9

._83_



Ao 0|83t S|ZF F n|Y(Undaria pinnatifida)S BTAIOZ Zoi7|¢]
A (F)shuldols FFot Aol o] g3l om ThAuk(Laminaria japonica)2t %
(Hizikia fusiforme)Z 7|3 Az] Ao LAsl] FA] A, HRA]| F AME39c]

3) TEAH A=

SIZ pasted] S HABE 98] o183 2l (F)FUs] FE31e] AF T 50g
o 252 FUskon oI5 AHgel W AolEE FEUUE AlolEE Fsirh

2. A
1) 3|& paste?] ZA]

AEE A PARBLL HRE] 3715 W F chopper® nRElsL R3HIE W
7Y MISPHA pasgte HOT TESCE S| 4] ZAo] Wagt FE| paste A4S E
83 TEYY, AR 5oE ZFSKYCLL Pasted UL ARBTE TR 7]EE o831
g Fel . A [ESlo] SA] LT3ty £ Z R AR Iul= aub AFe] BAS

Zgsta s WA A2E olgsiol Agsklch
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T2 TH 105T F7td ARUE o &3t FFstglen whid 2
22FESRBAE ©]-&slo] KjeldahlY o2 FAsoirt. ZAWE Soxhletyo 2, o
A2 Somogy 2= FAsIArh W, HEZ Y FHIPHE AHEI XA
HE2 MohrH& SA3oAtt. F7] &2 Vet Digester(B-440, BUCHI)E E3l3t A&
£ Yo|24E 26mE L3l HXIESHELFE=A(IL VIDEO Spectrophotometer II
& 12A0/AE) 2 & sto] AAbstglct

A& 1ntE #|3to] 0.6M HCI0, 5meE 713t ¥ 4000rpmofl A 582t 23] A&
2l5lal A2 S Ro} 505 KOHE pH 6.58 ZAT t}e HAEL o33} Az
c}, 223 o] o4& 0.1M Potassium phosphate buffer (pH 6.5)& A}Z3}o] 10mé
2 A L3l thr] 0.454 millipore filter2 o3t A& A gdoE it}

HPLC(HP 1100 Series, Agilent)®] A4 ZZAE& columnd p-Bondapak C18 3.9x300
2 AM83513, fujE = 0.02% potassium phosphate buffer (pH2.4)& AF&3}e 210
moll ] £},

@ AyAt

A 2& methylation¥t ¥ GC(HP 5890A Series II)EA] 2243t}

A& 1¢E #|3te] 0.6M HC104 5m¢E 713t | 4000 rpmollA] 57t 23] A&
g|8tal A5NE Ro} 50% KOHE pH 6.52 2T vy HFASS oA3te] AAZ
228]5l o] o4& 0.1M Potassium phosphate buffer (pH 6.5)8 A}&-3}lo] 10me
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2 A L3l tir] 0.4548 millipore filter® of3}3F A& FA LYo =7 3Fir},
HPLC ¥4 ZZ2 columne u-Bondapak C18 3.9x300& A}R3l1 fujE= 0,02%
potassium phosphate buffer (pH 2.4)& A}-23}o] 210mmof|A] £ 3ic},

(4) =44

@D Gel Z=
S35 3 AX] (COMPAC-100, SUN Scientific Co. )& o]-&3te] &A 3],

% XA (BROOKFIELD) & o &3to] & 3ict.

B el 58 A (5-point rating scale)

>
>,
oo
%
A
>,
e
R
A

< (multiple
compar ison test)ol] mel AE BAL VAU + Q= AR, A=, WA, 2
#, gt Sol thste] Hrtshe FAld AF W 3nt T B4, 9, Ay 5=

= (o]
o])ofl thste] Hrjgich ARF =R wj$ FgL HALE 5F

lo
b
_0'1_:
|
N
N
o,
L

]

ALE 1708 sto] Hylstart

@ -t

@ M=

ZA] M2pA|(CD-300, MINOLTA)EH LZ(FE), agh(HAE), bH(BHE) W
AE(ZHE)E F3 gt

(6) A=lgy 4 7158A1d

® Farspy

o

RINEFALAAN UYL POVE ZHoIo] W] AEE shenh
Z, POVE A Ere] flavonoid A2} linoleic acid 1 g& QA &rZl(pH 7.2)
o]-&slo] EHI AL 37CH ¥ AFAIHA HAFLoE FHsiAch F,
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Bt2.0] Zut A BE Aol 30 L chloroform : acetic acid(2:3) ®of £33t
KI 1 nLE H7I3t oA 1027 Hx[3tadch of7]el 75 nLe] && 7}

Z3 g AELAG AR ool 0.0IN E|RBIUES BEAYOT

ACE A3f%2 Cushman?} Cheung(1978)2] wholl F3lo] AlAlstadct &, &%

2] paste AREo] ACE &4 50 L % sodium borate buffer(pH 8.3) 100 uL&
718t & 37°CoflA 587t preincubationA]ZiT}, of7lofl 1A 2 A Hippuryl-His-Leu
£-o8(25 mg/2.5 ml sodium borate buffer) 50 uLE 7}s}o] thA] 37°CofA 3027t
&A1Z1 F IN HCL 250 uLE 713te] ihg-& FA|AZUTHIZAE 2 paste thalo] &
F4 50 ILE A}ty o tfRIE= IN HCI 250 uLE 73t vl ACE A 50 uL
E 7}stadT)). o 7)ol ethyl acetate 1.5 mlE 7}8to] 15% 7t vortex¥t ¥ 3,000
rpmoll A 57 AAEEAIA AE Y InlE #3tdrh o] A& HH3] A=A
F 254 3 nlE s1ste] &7 228 nmoflM SHEE FHFSt] ofefe] Ao

uhet ACE A3i&= LEhigich

w

N

ACE A8l &(%) = (1 - — ) x 100

@ oldatd E3ls

ARe) opdite Eejage thedt 2ol 2 UTH oM NaNO, £ 2ulo] 2

A7E 1ol FH7ISIAL



E A8t t}g, Griessr|eF(30% acetic acid® ZA|¥t 1% sulfanic acid £} 1%
naphtylamined Z}Z} ko] u|& T Z¥U3F 7o T AL A AXR) 0.4 E 7}
Sto] A ZRFstal, A-2ollA 1587 WAg ¥ F4 FEAE AHE-St] 520mmol A
THEE FHste] AEHI AT FESH= obHAE Y AEE(%)EA LERdc)

FZA YL Griess A TRl 2BLEE 0. 4nd 7}5Fe] A7) e W o g sisic),
@ & AY

A|F 150g ~ 180g8] Sprague-Dawley Al &4 HFHE 13 Atz @ 43T %
(L% 20+2°C, H% : 50%, =W : 12 A|7F light/dark cycle)oljA] 7d 7t ofy]
AFSBle] o] A ZAIZl B 10m}e]d] 4F e 2 o] 0.0IM citrate buffer(pH
4.5)& 22| FIol FARE & hRTLLE AT R pasteE UFHH AR
o ¥ FE3rh 2 ~ 3FY AR F HFE AY A 4AT B EY F 4
A & €0, gas® upaste] oA AL 4°CollA] 1 A WXFT F
3,000rpmell A 158-2F fA4lEelste] A& 23t £ Ao ARE3ich

% 2] ek Folch Hof &J3te] &A 33 Triglyceride a8k Muller &
A¥o] 2%t kitE AR5t ZA 3] F cholesterol §8F, HDL-cholesterold] #
T FAHOF phosphotungstic acid-Mg XA Mol &3t kit(Eiken Co. )& AME3}
o] ZA3icl. LDL-cholesterol?] 3182 Fridewald o] A|¢Hgt F4! total

cholesterol-(HDL-cholesterol+triglyceride/5)& ©o]&3}o] R A}t VLDL-chole-

sterol& total cholesteroloA] HDL-cholesterol?} LDL-cholesterol& Ztslo] 4t
&3t EMAE R HaE BASIES BEAE $2A-8 Duncan’s new

multiple range test® 3ir},

) AFLB Y

O mAELH

AES DAL 1084 HAslT BT AL AR AR T AZY A
2 NS 7 UAEE Zh2te] W petrifilno] SEF T 14U AL AZY 2

_38_



f

WAT(AC)el, T AFT AL AeAFSHA F4E A
2 arsio] Uehjglch,

A

bl AlE gEe

flo

@ E44%

A 22 EA HIl= EA S AX](COMPAC-100, SUN Scientific Co. )2t 3
S A (BROOKFIELD) & o]-&3te] &4 3t}

A2AddFrdy d 3%

7 dme A 4

M

u] gz}t chaute] UNdEE AR Z2be Table 134 Zrh 3} thr|nte
TE U2 89% olda A AU nln]six 0.6%0l xuhA] ¢dgkrh sf=2]
FEUH 3.6%2F 3.5%% Tha W2 ZoZ Uikt o] 2 A3e dut ¥
o Ee} vlay wf 32| Xol7t UA| o2 Aol st

L 8 Se4E A¥
(1) Agat 244 &4

Table 1. Proximate composition of raw sea mustard, sea tangle and seaweed

fusiforme and its paste

Crude Crude

Sample Moisture Carbohydrate  Ash
protein fat

raw 88.3 2.9 0.4 4.1 4,2

Sea mustard
paste 87.2 2.8 0.3 4.3 4.5
Sea tansl raw 90.9 1.1 0.2 3.6 3.5
8 TANBIC  aste  90.5 1.3 0.2 3.5 3.7
Seaweed raw 88.1 1.9 0.4 4.0 4.6
fusiforme paste 86.9 2.1 0.5 4.3 4.9
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Table 2. Fatty acid compositions of raw sea mustard, sea tangle

and seaweed fusiforme

Fatty acid Sea mustard Sea tangle Seaweed fusiforme

14:0
15:0
16:0
17:0
18:0
20:0
22:00

saturated

14:1
16:1
18:1

Monoene

18:2 0-6
18:3 0-6
18:4 ©-3
20:2 0-6
20:3 -6
20:4 0-3
20:4 -6
20:5 -3
22:6 0-3
polyenewn-3

polyene

2.4
0.3
22.4
1.1
1.2
1.0
0.1
28.5

trace
2.2
7.6
9.8

7.7
9.2
15.9
0.2
0.7
0.8
16.5
10.6
0.1
61.7
27.4

12.7
0.9
21.8
0.4
0.7
0.2

36.7

5.6
1.0
6.6

18.4
9.4
16.8

15.6
1.9
32.0
0.4
2.5
0.2

52.6

1.5
9.1
10.6

6.3
5.6
18.3
2.0
0.4
2.2
3.6
36.8
22.3
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"4 ojn]=4tel methionine, isoleucine, leucine, valine, threonine 5¢&}

gtero] =A Ulelyten] uj™4 olu|:-AtQl alanine, glutamic acid, aspartic

acid 59 ¥HE EAUA =4 UEtLT

ot Azlgd d 7ed d¥

A2 71E FAEA Al % o, chxnt, R atsbd AE2 POV

Aste] sl 2 A= Fig, 1o vehgdE=d 3R pastex= linoleic
3], ml¥ pasted] FAitFso| 7HE

acid®] 4t3tE dAst= 2AE UERLL 5
E A&7} 9hE 4 #i71A] 100 meq/

2 Zos Ushith Roluch AvHeE B

kg o|st= UEhY s/ 4l

o] w3ox] Lo} Ze B 9
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Table 3. Amino acid compositions of raw seaweeds samples

Seaweed
Amino acid Sea mustard Sea tangle
fusiforme
Protein 17.5g/100g 15.6g/100g 10.1g/100g
Ile 638 596 398
Leu 1138 1069 662
Lys 827 716 474
Met 400 368 270
Sul fur 575 888 438
Cys 175 520 168
Phe 749 719 462
Aromatic 1221 1178 750
Tyr 472 459 288
Thr 757 743 426
Trp 252 240 125
Val 815 678 453
His 290 195 134
Arg 661 577 356
Ala 2722 1752 895
Asp 1104 1288 961
Glu 2522 2501 1739
Gly 897 812 485
Pro 720 711 307
Ser 669 651 376
Tau 35 - 32
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050 |- @ MO seaweed paste
O : seaweed fusiforme

200 - O : sea tangle
S O
= ! sea mustard
3
8150
a

100

50

] | ]

Incubation time, Days
Fig. 1. Antioxidative activity of sea mustard, sea tangle

and seaweed fusiforme .

Table 4. Inhibition rate of the seaweed pastes against

the ACE activity (unit ; %)

added amount

0.1 mg 10mg

Undaria pinnatifida 15 18
Laminaria japonica 13 15
Hizikia fusiforme 4 3

(2) ACE A3l%

_48_



Table. 4= w3} thrlm}, X9 pasted ©]-&slo] ACE A3aNE FET 2
Feldl 3 A3t v]y pasted} thxuprl Fof uls] ACE B/dE& A HAste AL
E Ueisten moe] ACE Hslse] 7Y 2 Ao Uetylth J2la A3 =
= A8 #HlEto] Be4E AR Ao Uridrh 2 B2 ¥ o2 oA 19
7b vEREA] Qkgith ole uida} tiAlute] 2@ AAleI st 1 A3E
F3Y + e dieln AF i3 e} A YA E HAHE £ e F

a2 AEL AE ¢+ gt

Table 5. Plasma lipid levels in rats fed the experimental diets for 6 weeks

Triglyceride cholesterol

(mg/dL)  Total(mg/dL) HDL(mg/dL) Ratio(mg/dL)" ALY

Groups

Control 4.1¢7.9°  110.2¢9.7*Y 66.7+4.8%  0.61%0.05 0.65+0. 12%

Experimental

group
Seaweed o0 £i70  90.048.7°  66.1#5.7°  0.73:0.13  0.36t0,26"
mustard
seaveed 20.3t3.5  92.8+1.1° 61.0:1.1°  0.660.19 0.52:0,32%
fusiforme

sea tangle  22.4#4.0  99.6%10.3° 58.1#5.7°  0.58%0.06 0.710.19"

b (HDL-cholesterol)/(total cholesterol)
2) Atherogenic index (Al) : (total cholesterol) -
(HDL-cholesterol )/(HDL-cholesterol)
¥ Value are meantstandard deviation,
Y Values with different superscript in the same row are significantly

different by Duncan’s range test at p<0.05

Table 5& 8l& paste?] kA AI}E ZRAISHZ] 9Iste] AHS3E AF ] X

Z4A14, ZY2E, HlL-cholesterol?] H =& uja3t ZE vehfgch
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Rojxet Ho] B FEAY wEv ug} thAntE FHg Z-¢ thh yobA
3RS FA FE AL FUtA oY iR iR AR Alojole {23t x}o
€ Ho|x] gttt ZH2EES n|gny chintE FAT Aol Fo3tA Yot
ot B2 sopsl et {23t Xol= ¢lgltt. HDL-Cholesterol & W3 o2
oJStA ot oLt B2 1 Ao|7t HYrt AlE |93} tir|ntE Foig B fole
2ol wlsl feJsiA waten R 238 KA &olth whetM oYzt o}
Alape] FA| ol Tt o] FR3IA LElK o™ HDL-cholesterol®] HIE&E &
of TUAHEE sl 3HE JAAE F e AHE Ad 2S¢ 4 Atk

do

gt 3j2 & ARE 2% AR E4
1) & paste?] HZRE % 28 FEFTS

R g Fuly, Thrnl, BE& o] &3t FEFTE
F= Table 6ol LERASICE o= 2ze] o] &IIAE & 4 U3 FIIAE 24
g 4 oe waEY dy¥oleta shirh
3 23 309 e oA BASE B A of 1007 s 2
3

1A ZrolgiTh ThAEkE oF 2.5u1e) WEES Uehhgon 1 AR 24]3
j

>

17

T

rT5

O

lgth e B4 FEESLES AL glola
e BAldel Ushgth Anlele 26 7
Witk ohebd B A7old paste AZE A% 2 YR AU ol§He
Rol A¥AIANE 44 sz Aol Az 13 AYL Ao BEch

¥R 1 AAE IhE AREStofof

T2 FTE Y FHIHE UE

u

(2) 7t e nl¥ pasted] /343

| o] A Zol QlojA pasted] HFZE& o}
Aol uwig} sz 2] A ZHMHo] delx|m 2l
f40]7] wjEoltt, A pasted} ES oJg H]

g &of ulE 248 STt

ﬂﬁ° r}ﬂ. N
i
lo
]
ox
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Table 6, Hydration ratios of seaweeds experimented

Hydration Time to full
Sample
(Time/weight) hydration(hrs)
Raw seaweed
2.1 1
mustard
Salted 10.1 4
Sea tangle 2.5 2
X 0.2 0.3
= 900 b [ ] Seaweed mustard
- 150 | /] Sea tangle
= 100 EHE  seaweed fusiforme
s
= 50
0

50 100 150 200

Hydration ratio(%)

Fig. 2. Changes in viscosity in paste produced by various

dissolution method according to hydration

A 23 Jhewol SIHel whet Hxevt 43 gastglon aste
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Table 7. Physical properties of seaweed rice produced with

seaweed mustard according to hydration

Hydration ratios Gel strength Hardness
(%) (g/cn’) (g/cn’)
50 19888 13876
100 15941 4893
150 13261 3763
200 7340 2545
300 4585 2606

_47_



External External

5 5
Taste Color Taste Color
Strength Smell Strength Smell
50% 100%
External
5
Taste -Color
Strength Smell
200%

Fig. 3. Sensory evaluation of seaweed mustard rice produced according to

hydration ratios
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Fig. 4. Sensory evaluation of sea tangle rice produced according to

hydration ratios
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ol sfRFol glojA uldzt tiints ZARFE dRAAY M2 ZAoll} gzt
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Th 7A@ uga AndE A8 3t W& Fof G MAAE AR}
A R A}E Table 80 LEhjgc)

Table 8, Color of sea mustard

Color
Samples
L a b
Salted 25.40 -9.82 20. 38
Dried 18.91 -6, 61 9.56
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Table 9. Changes in color during dissolution according to samples and

dissolution time

Dissolution time(hrs)
Added
. 0.5 1.5 2.5 3.5
L a b L a b L a b L a b
0.5 16,57 -6.72 11.81 16.36 -4.0 562 16.50 -3.61 4.64 18.26 -4.11 5.60
1.0 18.93 -4.73 6.43 17.27 -4.24 541 18.08 -4.38 5.76 17.01 -3.56 4,98
Al 20 | 213 -519 7.17 18.22 -4.7 595 19.48 -3.87 4.88 19.41 -3.98 4.90
0.5 18.51 -5.15 8.07 18.60 -4.61 6.93 17.36 -4.27 572 17.46 -4.18 5.86
1.0 18.19 -4.34 563 18.29 -503 7,18 17.44 -4.02 5.52 17.20 -3.83 4.65
o) B 2.0 18.34 -6.00 9.53 18.97 -4.87 6.47 17.15 -4.46 5.93 18.84 -3.87 4.95
0.5 18.82 -8.35 15.68 18.77 -56 7.08 19.72 -6.18 9.01 18.52 -5.86 7.60
1.0 18.19 -7.79 12.68 19.94 -6.56 9.2 18,39 -509 6.53 19.95 -6.32 9.76
c| 20 18,56 -7.96 12,62 19.52 -5.19 6.98 19.65 -6.11 8.37 19.84 -6.13 8.48
0.5 17.16 -5.06 7.41 13.63 -4.59 6.39 17.66 -3.95 5.17 17.79 -3.75 4,91
D 1.0 19.81 -7.90 12.08 18.36 -5.37 6.92 19.99 -7.02 9052 21.40 -5.68 7.83
2.0 19.21 -7.59 12,08 8.16 -524 7.24 19.67 -6.05 8.14 21.59 -5.51 7.37
0.5 19.03 -7.84 12.18 16.44 -7.52 13.40 17,77 -5.03 6.69 18.63 -4.9 6.83
A 1.0 21.06 -6.81 12.78 20.79 -6.12 842 21.43 -6.11 9.17 19.80 -5.15 7.57
2.0 18.70 -6.93 10.47 17.77 -5,25 7,06 21,76 -5.24 7.91 18.47 -4.72 6.67
0.5 | 20.51 -9.18 16,0 18.74 -7.45 11,21 17.92 -536 10.88 18.95 -6.1 9,78
B 1.0 18.54 -7,3¢4 11.03 19.85 -6.75 9,87 19.99 -5.8 7.61 18,96 -5.36 7.86
- 2.0 18.11 -7,08 10.98 17.05 -5.43 7.21 19.67 -5.37 7.24 19,65 -5.65 7.85
0.5 | 24,87 -9.98 18.35 20.19 -9.56 15,98 20.44 -8.35 14.23 21.8 -8.36 15,12
c| 1.0 19.79 -9.02 14.26 23.07 -9.12 15.88 21.68 -7.23 12.34 21.0 -6.61 9.06
2.0 | 22,95 -9.01 13.52 21.77 -7.23 11.35 21.80 -7.36 11.04 20.98 -6.70  10.12
0.5 19.07 -8.25 13.68 21.98 -9.37 15,68 22,45 -7.63 11.36 22,01 -7.89 12,90
D| 1.0 19.58 -7.89 12.05 23.09 -8.36 13.51 20,17 -7.78 11.86 21.98 -6.95 10.63
2.0 21.68 -9.64 1508 24,99 -8.07 11.68 21.00 -6.75 9.29 20.10 -6.75 9.68
A : NaoCO3 B : KyCO3 C : NagHPO,4 D K-HPO4
1) ST : Salted sea mustard 2) ST : Salted sea tangle
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Table 10. Changes in pH and viscosity during dissolution of salted

seaweed mustard

Dissolution time(hrs)

Added
% 0.5 1.5 2.5 3.5
Viscosity pH Viscosity pH Viscosity pH Viscosity pH
0.5 245x10°  10.1 284x10° 10.6 199x10° 9.8 224x10° 10.5
A 1.0 374x10°  11.2 415x10° 11,2 183x10° 10.5 185x10° 11.2
2.0 401x10° 11,3  425x10° 11,3 185x10° 11.4 144x10° 11.2
0.5 346x10°  10.5 380x10° 10.9 152x10° 10.6 168x10° 10.8
B 1.0 364x10°  10.8 431x10° 11.3 168x10° 10.9 152x10° 11,2
2.0 381x10°  11.1 468x10° 11.3 196x10° 11.2 130x10° 11.6
0.5 358x10° 8.5 401x10° 8.1 164x10° 8.5 914x10° 8.8
C 1.0 270x10° 8.1  300x10° 8.0 151x10° 8.0 908x10° 8.0
2.0 316x10° 8.1  451x10° 8.1 249x10° 8.2 144x10° 8.2
0.5 301x10°  10.6 384x10° 10.9 157x10° 10.5 100x10° 10.6
D 1.0 371x10° 8.5 175x10° 8.4 188x10° 8.4 155x10° 8.4
2.0 397x10° 8.6  199x10° 8.5 294x10° 8.7 323x10° 8.7

Table 11. Color change during dissolution of seaweed paste

Dissolution time

0 hr 1 hr 2 hrs 3 hrs before after A.C"

Temp., T 20 65 65 70 75 78 17
L 20.12 21.27 19.68 20.92 18.57 19.50 20.88
Color a -5.35 -6.13 -6.07 -5.01 -5.53 -5.73 -4.78
b 9.31 8.75 7.98 7.00 7.92 9.14 7.34

1) after cooling
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Table 12. Color changes of seaweed rice during coagulation according to

coagulant concentrations

Coagulant L a b

0.1% CaCl, 20.18 -4.39 +8. 80
0.2% CaCl, 21.11 -4.40 +9.14
0.3% CaCl, 22.7 -4, 81 +10.18
0.4% CaCl, 22.94 -4, 88 +10.20

Table 1304 X LA E A}L3} CaCl,?] EFo] w2 EAj2] W3lE &X8 4
E UEhfth SIAZL Ao dlglen 24 &= 0.1% 0.2

L 1.0%% 4FHZ Lhro] ulasigct

Table 13. Physical properties of seaweed mustard rice according to

coagulant concentrations

Coagulant
Gel strength(g/cm®) Hardness(g/cm®)
concentration(%)
0.1 3195.8 816.4
0.2 10867.0 7692.6
0.5 17252. 4 7228.1
1.0 25191.2 7306.8

FoMAH S3A =7t Frige] wel A Zxrt Fideu A=
0.2% ool = ITA] zlo]7} UA] e e R Uelych o] e AAE it
SEAL LA wlastoiof SHAIRE §3A] BEE 0.2% o|4E ARESHE Zo] AEe
A S ofsiA uiASIZAIRE 0.2% o]3e] FwRolA ZEe] Aozt ME A 4
< MR pmjFojHol ZaA wEI} 2 Az A ¥E wAAE U
Ao AlgHrh
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Table 14. Physical properties of boiled rice of seaweed mustard

according to coagulant concentrations

Coagulant
Gel strength(g/cm®) Hardness(g/cn’)
concentration(%)
0.1 2215.6 835.0
0.2 5780. 4 2450. 3
0.5 8033.3 3115.6
1.0 8963.7 3240.8

Table 14+&= 2|33t T} fR 2] LA 5o e E42 WHHE vt

Azpld ®ojA Uehd ZAYE &31A w=7F FUHd whet A =T S

3 AR Fuistdch 2y A 7t St A vis) BEe S 52
e Ao UEelyrt) o] 72 AME Table 132} vt uf A o] ¥
o] EFubg Azl Wzl ZFo| 1] w@x| ¢ AOE n|FojHo} Futsr] Ao}
2nk 3t Fo] B AL IR fAHE A& o 4 vtk sz #He E4
tigt 2Rbe] 43S dolHW izt Fo E4o] A ZEU ZFx EFo glof 3
Wksty] ARt A AsRRitts A o £ oy AR Ay 2 A ZF=9
Aste] ERchkes 3A 2 202 ety webd A s2E A Azshe
Zol vt & Fo] A2 E FTIHA FAISHA st=dl < & ZoE AH
th.

Table 15& 22AIZt &34 HEote] AUBAE A Azjoitt. £ 4
HolMe 34 F=E 0.1%2f 1.0%& sl 213 A3 HMAHE F &
3 o glolM W ZHmIt Aol 3Ate] Bd wiztA|= F7hsitirt A
& AzZto] ZAFhol uwigt Fashe Zo® Uridth FEE opdvixe] A3E U

bl mhetd £ Aol gloja] §aAIZEE 3A1Zto] BARXZOEAM oo °

£ Table 160 LtERjaicTt.

_55__



Table 15, Effects of coagulant concentrations and coagulation time on the

physical properties of seaweed mustard rice

Sample

Gel strength Hardness
Coagulant Coagulation time
(g/cm) (g/cr)
concentration(%) (hrs)

1 12146.1 2791.6

2 13782.8 2975.6

0.1 3 17220.2 3969.0

4 13400. 8 2792.8

24 12605.0 4669. 2

27985, 6 19198. 4

29368. 8 20009. 8

1.0 3 28753. 6 20445, 2
24522 .4 19067. 4

24 21708.6 16938. 6

Table 16, Physical properties of seaweed mustard rice after

boiling according to coagulant concentrations

Gel strength Hardness
Sample
(g/or) (g/cn)
0.1 2215.6 835.0
Coagulant 0.2 5780. 4 2450, 0
(%) 0.5 9033.8 3115.8
1.0 7963. 2 3240.8

I
=71 flsiMdE sz Hel HE7 EA7E Ha olE 2% $IsiA

M
ox,
(o
il
rl:l

_56_



A Wi & S ME pastedt B 11T skl WEYY] wEel 4 FEt the
ol MISIH Zet ZOE Ushdxw 4R ARsA 4R 240 HeY

Aoz wherHch

NZ TR E o83 s A AXRE 93] ARY pastes FEE AL
olo] AFH AHPS sh= Zlo] TE Bk ohz} w3 W2 Y £ES A3
' e BgLe

ol7] whEol 34t AFe] Zrle} mere] W} YHo 71Ee A3}
% T 2 oug sIXA Baich webd A9 F
_'_?_

olast AL

0t S AXE g eIt AHAA J1EY HE NS

U7gole] F7\Ht 2A Hesiria Azt 1

A 7l ztel AA A3 22 ulE gH3te 2R WAAY w7 A st
= A ZErt A3 =4S AL 471 e Zolth

3R Y AEE 7IEY ARAR 7I71E 2RSSt A

Alstgden 1 A AF 3 mE Ste] ZPsiAch. sheo]l W2 pasted o€

sl iz AE 4P AR AL i Fol= 2 A7t HZ HEEA] gken

ﬂ
o?L
o2
FlF
l‘ﬂ

[}
3], Zoolut AEE HslaE F-¢ dd Aled rd=

‘(I'DI"
7b ol ey sz EY ¢vfelrt W AASl=UE EWE ZHSHA

=2

|

=
1
st g & %
2

==

.._57_



ol I Wy Wit ABE g A e ASE Uehurt

(7) SN

nedz} chulE Az sz e s WA AT AR dBe
2 Ul pasteo] 2e¥ Zzdel tjTchug 7tz 1, 5 1wdE Arlsld sz
g 7 zstgc),

Table 17 4713 H7IES o] §to] Az sfzare] B4 ZFsta vr)

A Z 2polrt,

T

Table 17, Physical properties of seaweed mustard

rice added three additives

Gel strength Hardness
Sample
(g/cm) (g/ct)
13127.2 3333.0
Gon-yak
9040, 2 2046. 8
(%)
10 8148.6 1780.4
1 19200. 6 5260. 8
Chlorella
(5%) 5 12910. 3 4495.6
%
10 11484.8 3471.2
Soybean 1 15396. 4 4883.8
protein 5 15718.0 4749 2
(%) 10 13782.6 4036. 2
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Fig, 6. Sensory evaluation of seaweed mustard rice added three additives

1) Additives not-added.

2) Addition rate is 1% and mixing ratio of paste and water is 1:1,
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Table, 18. Viable cell of seaweed mustard rice sterilized at low temperature

Storage time, days

Storage
condition 0 7 14 21 28
1:1 1.6 x 10 8. 0X10" 1.1X10° 1.2X10° 2.7X10%
4C
1:1.5 1.4 x 10! 8. 0X10" 1.3X10° 1.5X10° 1.5%10°
1:1 1.6X10" 4. 8X10" 2.5X10° 3. 0x10* 2.9x10°
25C
1:1.5 1.4x10 9, 0X10' 2. 6X10° 1. 7x10* 2.0x10°

Table 19, Viable cell of seaweed mustard rice sterilized at high temperature

Storage Storage time, days

condition 0 7 14 21 28

11 - - - - -
4T
1:1.5 - - - - -

1:1 - - - - -
25T
1:1.5 -

1
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Table 20. Changes in viable cell of seaweed mustard rice stored in

different packaging materials.

Sample Storage time, days
NaCl
0 15
(%)
0.5 2.9 x 10°
PE 1 3.7 x 10°
film 2 4.1 x 10°
3 5.7 x 10°
NaCl 5
0.5 ) 1.5 x 10
Retort 1 1.3 x 10 2.5 X 10°
film 2 1.0 x 10°
3 1.9 x 10*
Deionized PE film 2.7 x 10°
water Retort film 1.8 % 10°
o] Wzly Al Z2H40 EA3 A A Axe AR LAFEC BEY
7

L] =

Htt O w2A Asishs 2eR Uiyt ole F AR EF AdstA] ot
222 37t e dojual HEs

gtElo] A7] £5L fslAE NS AP Aeshs Ao uiEHsithe s @
drh 2 & A steiol Fo FAL AT 5 A7) weof PE filno
L 288 AY 5 gol Y 87]2E ZAF retort filmo] AP ZoE ek

olefe] aL of e A2EFFE F FAY iz A MAEES 24T

RE°lth.
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e BE A HASHEE, F99A, ¥ Y& AE, viwgA 9@ FE}
1=}

al
A ARS8 3 weAIAA A SR 4n]d el vipo] Aa, F1
o] J|Zex Frige] whet SfRFE o|&F AAINEFEY Aol s gl
Agolrh webA xR 2HFHE =R FA
fsto] flolx HET uiel Zo] |2FY AZIEES & d F FEET &
Z57F 7RAES LSt tigdsdEE vy, tiAal, R §& ol &3t dzF

£ ol&3t ojuleo]d elo]lAE ARSI AJ¥F AAE KIFIAR

_,.,
of
%
)

A 243 dFUE

1 Y Al 2 gy

7t AE A=

nje, cirul, X, EApte] A AR £, 3= paste ¥ ARZAE AHE3}

et
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$2L A7t AZzY, ZeYA L semi micro Kjeldahl®, 2% Soxhletd, I+

s)3b o] uwhet &AsH, Q9% Mohr®, pH: pH meter(DMS DP-880, Korea)E ZX3h

(2) Ho]£E A2

| (Undaria pinnatifida), F{(Hizikia fusiforme) X TIA|uK Laminaria japonica)E
TEEo 23] Hx|, 33 F ZAE choppero] 53 F= FIAA uista

AL 715t FEpR AolA soldelE ° wizbA] Jtd autgch &S A
E& ] #FA3ste] ALESiT

Rheometer(FudohA}, UE)ZE o|&3}od A 1cene] H3t ZTetxE Fa3t &

test speedE 6em/min®] $EF Slo] 3 3o},

(3) M=

A x}A (Pacific scientificA}, ©]=, Spectrogard color system)EZH X
Z wsh(LZE ; 96,17, agk : -0.11, b3t 0.03) tiRE slal, HHL 8% F
BE S ARESt] AlAFe] Hxtdol s Hunter AxpAlO] 2f3f LIH(EE),
afl(FA =), bgh(BA =) 9 AeE(HHE)E FHICL

, AR AR B(tSE 30mg )
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2
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=t
T

_%
F7)of] dol A
2 Z4 Ansigch. 23E pH 2.28] Fa YEE HFZULE 50 nlE F &3l
oful = xte] A gfo] Ap&stdct.

cap tubeo] ¥ 2F3}3L 6N HCI 15 mlE 713t ¥ NJtAE 887 X3t ]

S 5t
A gl 110°C8] AFRZoA 224]7F 7p=E ) 3h

u
auk
o
o%
o
o

ml pyrex beakero] @3 & ukslri 8lAl blank AL WIS EFA| S NBS
Bovine liver standardS AF&3¥IT} AlE®, blank, W EIZAGES U2 £7]5 27|
Ztdutoln} Hojd W gl 2o E(100T)AM 7Hdste w3ed wizix] 7td
gith, M| 2ol gol of 450T 7Hx] M A3] 7tdste] shEyk 3 ohg Wudsto]
1 ml®] conc-HC1zZ} 1 ml?] HNO3& Y3 THA] 450°CoA 2A]7F & 3x]Z] & ubhuis)
I BE wizhr] 7Hdste] "ol242 26mlE B8 ThE YAFBEFVEAR &
3o AAtgich

) WlEHE A

HlEtRl A9] &2 HPLCO] °j3t whHow Agch F, wlEpl A 20 ~ 30
LU ~ 9 mglell AP3ts AlBE AH3] st HAFeheIo] €2 ths
ethanol 30 ml 9 pyrogallol/ethanol 1 mlE 713} & AL ¥ 43 AFEFRY 3
nlE 7hste] BRYEZAIE FAsle] vlE +& FolM 3027 vl ZIch A&
3] A7 Wt & 30mE vhete] ZAef o ZArhriof &t ELIE
E 10 ml ¥ H{oeE 30 nl2 B2 F Z zcfrle] @ste] A Tgo] T
The HAsl & 3 2 B ZriVl2 &t £35S HRolEHE 30 nl¥

SoHE Zof 3ty E 10 ml 13], o]ojA 50 mIH SR =
Alefe]l ofste] Aol EA| ¢ok& wizbx] Hlerh M oJHEIRE
3t FEEMIERSR Wt 5 24 Fekkde] &V FAUEES o=
ether 10 ml 2 23] $A3te] gte] Zol 3t v} 40 ~ 50TolA 2t &

& BFEL isopropanol T o] 1.0 mlE FEW AL AULACE sfe] wlehl

il

3

3!

¢

_‘_,
1
AR
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A EAo] o]ggtth. HPLCo] &3 A2 AE L U FFEAL 77 20 w1 F
st de EZgodo wamy e ol o8] T AFHE AHESH *l%
g2l vlEll AY] BE(1.U./m)E T3t ofefe] Aol st HA F9 u]pg)
A(ug/100g) & A4

(7) 8lElR! B

HlElel B2 RS HEX|¢te] o3t ]l A FYRY LT FFgrh HER B
e 918 APLALE AA 1 ~ 10 g& B3] #3te] & o 20 w1} 0.1N F4t
0 mlE 7}ste] 28 Ao]A 308 7ld &3t 2E29L oF 50CE F2stod
M ZAEFEACE pH 458 2T the B4RA(TH7} TIoAEHA) 2 nlE
bl 40~50T, 2~3A|2t = BT 5~6 &S 7Iste] 40T F27follA
5HE Eajx it 28 kg 1683 vl5 AL ¥4 F AR 45d
The 3 3te] A E LA T Firh A|EEH (pH 4.5)8 A (MEI BLEA of
})S Aol 283 FUsi 18] 1 nld £EZ FHAI
A pH A4t 5 ml 2 ZPe] RE-S UHE BolHTTh F3o] &4t
v AZEE ZERie ¥YEAS AAYC "R = ES FYUSIAL 183 3
4

~ 4 nl(12Z] ¢ 1 A& =2 FHFS Aerh AgS B3l vEiA|

o 5

N

N

¢

ZE 1 Ueo] ool IR =E e WEAE wopd A} ulFEE 8
ml Fs) TUsHA 2L HFo| FA 7 nlE FUste] @ARAL] HFE of
25 ml2 sl FAL golgtrl Holo| wAZeAIE Ao WA ¥z

F B 713 BE3] 25 nlE st AP G2 )
AEEAS 5mE Ty, T, @ Ts 3702] 50 ml FHAIE | o] FTTh T
AN, T.E FAYEE, T8 FAEELE 3 Tl HER B £
E, T, 4 Tzol= E 1 nlE 718tk ASSA T 2 Tdlle B

o

1 ml(¥]ElR] By 1 pg)
EAQHE 3 nlE FhelM U F 30% NaOH & 3 nlE EYYTL olaFEhE
15 1 & 7k WEste] 187 AP Uy TYUTh Teole 30% NaOH 3 mlS =Y
qe JHe ¥ BHEAGEAS TPUTH T1, T28} Po| olaRELE sl FEIE
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< 7hl XY ZYURTE T, To Tsd] AlEBE AASHEZL E= 1000 ~ 1500rpnl.
2 28T dAEeiste 45 olaNwhE S ¥IYLoR HEe AP ZHI
th A&GsiA FEFAUES 1 ~ 288 4% HUlste] Ay UL T F A5}

7§ 2%t isobutanol & 33} Aef

2.
o
ol
b
(it
N\
o,
e
n)

(8) wlEtdl B,

AP gge 2AE AAY dFFE 23 £ S 7is] F27 L YR}
ol Yo npigict. o] Zle] 2& 78 +& FolA 15~202% F&UTh F&9
S 32 7 1ol F0.05 pgo] HEF dFEAoz AHEH o= grt

AlEES AFRE 3702 FA A P I F UE HIMREELE
sto} ulEtRl B,o] AFRH(0.2 ~ 1 ng)& ¥Hstes 4L JRich tiE 2 T |
Ty Tioll 7R3 wlElRl B, &4t 5 & 7Isld T, Tp, Ts& E2 §FLE
gk o] Alg&oo] IN NaOH &i& FaF 7haf ST F Ti(HIMH), T(FA]
H)E FE FA oM 1A FES Ak T(FAIH)S 1A% ol EC0h %
ot Bubd 2 Aol 24ke 0.5 nl#] J1gich, ZEIE W A8 Ao 4%
HYLE €Y 0.5 wlE 713 18T WA} 7)o 3% atsteLEdE Tt

3f HAsla SRZRXE 10 nlBE& 7Hl F4&

HHE Al 54 xfA M (5-point rating scale)S AFE3ICE A& d]z(multiple
compar ison test)o] uwizl AES FHE BAY 4 gle AL, MY, A, 9
#, Bt Fol thste Briste SAlol AFE W 2wt o 540 H, Y o=
of)ofl thste] Hrigtet AytR o g oo Fog HSE 5FLE sl MY UE

295 1402 sio Brisiaith
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o]¢ pasteo] nlE W HEE F7I81] food mixerE ERE ThE. AWI|of
23 5 x 3 x 2 me] 7|2 Hxhste] roll2]e] UFH ARIE ato|BstAA
A E BAoE o|FEHUEA EIHE Y SHA Rgos AYPsigch. APH A
AFE FARINE At ARSI EFEF & AEE AREstalnth

ERZEHL duEE A3t AEE 8o thet HH#E stk =
A2 A 7= Sun Rheometer Compac-100 (¥ &, Sun Scientific Co., Ltd.)28M &
F2AL AR ARAEE FESHSTh

2HIA| R ¢ test type mastication, adapter+ circle, sample type
hexahedron, sample width 5mm, sample height+ 2.5mm,

sample depth= 4mmE 3}¢] 21, test speedi= 120mm/minZE 3}iT}.

AZAE : test type hardness, adapter: rectangle, sample type<
hexahedron, sample widthS 4mm, sample height+ 2.5mm, sample

depth= 4mnE 319121, test speed= 120mm/minZ S}QIT}
Setting hostollA] Mode Z|BIA| B9} AR 3[R % A E8= Zbz} 21, 42 319

tl. R/HE= real, P/TE= press, Load celld REF 2kg, set valuee= 6 (set

clearance : 5mm), 18]35l table speed= 120mm/min® E A 3to] &3 3}toic)

Table 1ol At Zo] utE u|gE Fof Hx|ste] 16412 Fol& of 1Ivl= =4



_IB.F:lO

stglom, Amd HAst 142 Fof oF 4.5u) SR3IGATE pHe niE 1
o] 5.85, mY Wo|AEY} 6,87 2|3 @& njeo] 6.400]3itt,

Table 1. Hydration rate of seaweeds experimented

Hydration Running time
Sample . .
(time/Weight) (hrs)
Dry 11 15
Salted 4.5 1

@ 1nlY Pasted] &AL W 2xof wE MHAY

22Tt w2 AE(IN 7T 27t et thE AR Hlste] WAaE
gom HHE7L wtde] Sao] glojzirt A oR gi2Ert 5&FF AR
7t =otzitH(Table 2).

)=}
A&

Q<

2=

=)

T

e,
oX,
g{m

o

WU R B3R WS Table 20 Lhehdl uish Pol SRl Wkl
mhel Tht Aol Qlelth o& AzZF}os Bakslel mw A, AL 6
oA 7H Uol wotom, WAL chiubolM 46.9vF AASAL, V4HE F

[e]
HRES ZARtelA 40%8] &2 H&S ApA|sHTh

EEL

@ FI4E 4%

272 Fot uFEESY stbe Fridelrt. e sz oY dF
ol glo] BTNl = we] Fgol glolMe & d FaT ooy, dFed=
BT d¥F Zgol HRE gl AF T4 F5Y of S 4TS vEh
3ogleh IRt Al= L] o8 AEirt vily] wfied 22 Zes FEd
g3l FA ot w7t oA A Ea ZAET] drh whebad aPAtelAE sz
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Table 2. Changes in color of seaweed mustard according to

dissolution time and temp.

Sample
Color
I 1I I
Lh -71.7 -71.85 -72.07
ah -1.09 -0.80 -0.24
bh 3.93 3.34 3.06
DE 71.72 71.93 72.14

Table 3. General composition of seaweeds as samples

(Dry weight, g)

Compositions Seaweed Sea Hizikia
Gul fweed

(/100g edible) mustard  tangle fusiforme
Moisture 16.0 12.3 88.1 86.2
Crude protein 23.8 8.4 16.0 13.0
Crude fat 3.5 1.3 3.4 1.5
Sacch.”  40.4 46.9 33.6 37.7

Hydrocarbon

Fiber 2.9 4.7 8.4 10.9
Ash 29.5 38.8 38.7 40.0

% Saccharide

o HA=E At Led B 7] dife] 8 deI Il LES &l
= oF 20l H=o] o] TREl Yo UEES Tt vidazy
£ 7S+ 7] wiEd LYY JAHE I =3NS HY 5 A W &
th it oz B2 AF o 45 AASH I 2l AN & 4 gl
ey ouAE 7= AL oflu, BEY THEELR AR|HE AUdste
e gaLolth. 7P w2 P2 WME ttes Azt Aoy, AU A

| ERolth olgjoxe A =
S s, ouxthal, H

ﬂF

o

J& >

2] 743t mst kg TAse] 4o
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S W A3AELY FufrleS shy, A A FUIEHE A gl & H
ol i=
(6]

PHELEA AZFE olEY H4AS PAA

(i
Ol

+ ot ARladE 7R

I

Table 4of Ltepd upet o] Zbg2 RExINbo] 1515 mg/100 g XX|3te £

AE F 7HR B2 @¥E Ui, o ¥FE ZAPolM 442 ng/100 g&, H
TFS FollA 32.8 mg/100 g& UEhyo] 718 o] RF gl 2oz yeht
EF Tl H FFH2ZAE Fol 7MY Flojdt F5A A& & 4 Slrh

Table 4. Contents of inorganic material of seaweed as samples.

(Dry weight/100 g edible portion)

Metals Seaneed Sea tangle in?;kia Gul fweed
mustard usiiorme
Ca 1142 807 1319 1515
P 366 212 269 442
Fe 10.8 7.2 32.8 15.2

HlEfl S 9, A, il R ol Lot wFge gofsoln, Al
A71HE BFHLE FFol7] flsiME Hgolth o FeME dgotu|ato] ol
olA olg2 HEE T Exe TIE WS Bl BEE Adalsto{oF sh A
Ee ZE7} gloen, 234 FAHIHo] oflzts FAel otk AW LA
TRRAEEA AXAE FUst, FujFes A AZFE #AA s, tir}
of dagt TS dte FAU AF T shU=Z slzFe ol&d M= doE

Pagith Table 50 UbERd whel o] mlejo] wlEbEl A 220210, H|EjEl Bl

L

0.31mg/100g, v]E}Y B2 1.19mg/100g2A] 7}3F e #aks LJehgda, FollA U
ofxlz} ofAFEnWIsto] ZtZt 16.0 W 33.6mg/100g 8 A 7 &2 H|&S LiER

oich.
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AR B2 43.7%2 4 A YElyicl
@ oAt Fef

AR F9] FQ olu|xir& glutamic acid(1739~2522 mg/ 100g), alanine
(895~2722 mg/100 g), aspartic acid(961~1318 mg/100 g) % leucine (662~
1138 mg/100 g)22A 71 & THE Uehfch ¥3E ofn|i4kQl phenyl

alanine Y tyrosine $&f%= WA L}E}RICH Table 7).

Table 5. Vitamin content of seaweeds as samples

Vitamin Seaweed Sea Hizikia
(in 100g edible portion) mustard tangle  fusiforme
A, TU 2202 365 1765
Thiamin(Bl), mg 0.31 0.25 0.08
Riboflavin(B2), mg 1.19 0.51 0.59
Niacin, mg 5.4 5.1 16.0
AsA(C), mg 21.4 20.5 33.6

(2) iz 4 wigdze 4%

(7h) E71RE HIIRE sz A2 Az

O W HA HNF

Table 8042} Zo] WIIFEE 5 ~ 40% HItsto] AHFT A3}, 1Y paste F
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B 40% o] It Alole FEUH] mste] AT ofE] 2 ol A
7he B¥2AE HHY Fart gt WrkE HobdE A Eol oigh Mg A
A|ZE A3}, Table 9048} o] wo]AEL] HIlgte] ZIIU4E WA= Aol
ERE AetE S Qlgieh HUle] FUMEAE 2RI A e 22

24 Aagwre] Sl utel MFY Mrjo] HA H4& HE ZF¥oldrh

Table 6. Dietary fiber content of seaweeds as samples

Moisture Dietary fiber, %
Sample
(%) TDF ADF Cellulose Lignin
Seaweed
14.8 34.8 26.1 9.5 16.6
mustard
Sea tangle 10.8 35.8 18.4 12.3 6.1
= 10.4 43.7 32.4 13.4 19.0
2t 14.5 37.5 13.2 10. 4 2.8

@ ANFE {4 AN

HINE AR ENLLS BRRAE AUt vy wHolAE FaY 3% BE H
7tsthe Zlo] AlEAl 4B FelE KAstn, Uy o ME J71A| 43, A A
S T AUTh AILEE 30% ol HIIE wE AETIA HE GAA
Hol ALETIA Uere FA 430 ErMesidnth. 1 ARE AU AF
o] MEIAHE AAIZE A, wWEE -37.34, JHEE 551, FHEE 17.75
AT = 41, 710] LT}

w
X
o4

AN
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Table 7. Amino acid content in seaweeds as samples

Amino acid Seaveed Sea 5 ek
mustard tangle
Protein 17.5 15.6 10.1 11.8
Ile 638 596 398 581
Leu 1138 1069 662 1031
Lys 827 716 474 496
Met 400 368 270 281
Sulfuric cyg 175 520 168 166
Total 575 888 438 447
Phe 749 719 462 649
Aromatic Tyr 472 459 288 306
Total 1221 1178 750 955
Thr 757 743 426 520
Trp 252 240 125 140
Val 815 678 453 759
His 290 195 134 555
Arg 661 577 356 742
Ala 2722 1752 895 1039
Asp 1104 1288 961 1318
Glu 2522 2501 1739 1967
Gly 897 812 485 558
Pro 720 711 307 238
Ser 669 651 376 443
Taurin 35 - 32 157
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Table 8. Mixing rate of paste, flour and water

Wheat flour

Paste added(g) Water added(g)
added(g)
5%(25g) 475 175
10%(50g) 450 150
20%(100g) 400 100
30%(150g) 350 50
40%(200g) 300 0

Table 9. Color changes in sea weed rice according to

paste addition

Paste
Lh ah bh DE
added (%)
5 -30. 87 -4.14 19.06 36. 52
10 -30. 87 -4.67 18.99 36.08
20 -4.17 -5.07 20, 54 46,29
30 -45,22 -5.23 19.36 49,47
40 -47. 47 -4.59 17.41 50.77

@ ugRWUAR(ANYE) HJ} shmwe) SRUFY W U B

AA ARE 200502 ok LS 10~5057kx] A7HE wh NFHe ey
st Ztzte] melEW Arle] mE shrarel WHE UWB YT of w AT W
AR EBE ALgSIAlT Table 100] UEhd wieh ol nlgR2w Mol
ol ot Tl Frbets 7ol g,

WA v} ulgEge) BAAEol thet BABs A3He Table 110] 1}
Ehigle] o2 30vel4 7h Aol mleldAlzl Hs Ushta, neEg

APl Z7HY4S AW =4 HYsy AW S92 A AoE AZY AF

L "

o
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2 yF o7 vz k3, 2RI =748 Forh O

2 Gl
ol F/HTSF HHSHA =ARA, AUFHOEE Ao B

Table 10. Changes in moisture content according to the mixing

rate of seaweed mustard powder and wheat flour

Seaweed mustard powder added(%)

Ttem 10 20 30 10 50
(20g) (40g) (60g) (80g) (100g)
Wheat
180g 160g 140g 120g 100g
flour
58% 65% 84% 99% 122%
Water

(116me) (130m¢)  (168mé) (198me) (244me)

oL +UIR(FYE)H Mg WE FEYT W

FAE WHRE Abgstel AR FUE 20060 YA wRUA WAT
(3E2)8 BSE 10~50017 BrstEA sz g AAES ALY 23,
table 126 behd uhet ol lejERAsIHe] FAUSR JGRE FUISHE 3

Folalrt
® wd&d + YAF(FHEZ)E7H & wE +EU™ H3

UIHH(BEE)E AHEste] A 25 200g02 stal g3t W (AYEE)
o] H7H1&S 10~506712] H7bstaA sz H AAEFE Az ZIe table 13
3} 22, ngBUdHEIIge]l F71EeE V¥R S7she Aeldnh. AAlEel
gt SEE7L A3, w2 10 Frpxof vt
F7Htol uhet EH gl & FH| ¢ka, The
=] gkoirt ulgEH HItFge] FAIESE RbSo] A AeA|a, FAHXAA] o

= B¥oldrt.
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Table 11.

Quality assessment according to wheat flour addition

Seaweed mustard powder added, %

Items
10 20 30 40 50
Color light light light Green Deep
green green green green
Smel1? 1 2 3 4 5
Tactile smooth and Hard easyly broken little ot
soft and wet hard
External little ough easly divided easly divided
rna smooth roug divided so much and cut
2) Seaweed mustard smell
1 : nearly not smelling 2 ¢ little smelling
3 ' seaweed mustard smelling * much smelled 5 ! too much smelled

Table 12. Changes in moisture content according to all-purpose

flour addition

Paste added, %

Item 10 20 30 40 50
(20g) (40g) (60g) (80g) (100g)
Wheat flour I* 180g 160g 140g 120g 100g
59% 71% 83% 95% 114%
Water
(118m¢)  (142me)  (166me)  (190me)  (228ml)
IR 1 YR
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Table 13. Changes in moisture content according to strong flour

addition
Paste added, %
1
tem 10 20 30 40 50
(20g) (40g) (60g) (80g) (100g)
n* 180g 160g 140g 120g 100g
62. 5% 78% 105% 112. 5% 125%
Water

(125m¢)  (156me) (210me) (225m¢) (250me)

® AP udTY F71Pol utE st Hs

Table 14¢] Utehd upel o] bzt WIHF WYL HIME & 10082
2 A AAEE Azst w2 Ao wE SEuTY uHE A¥EY
ch w2 10% F7pddle WIHFS FFol whel tha TheRY Alolg B4l
L}, o=k 58 ~ 62%8] 7heERS Uehjgch njgEd 2 ~ 10%%] Hste] ubEe]
FElE BT A3, udEY 6% HrHAFEC] MEolut ARE JEstgch

Table 14. Changes in moisture content according to the addition

of seaweed mustard powder

powder added, %

Items
2 4 6 8 10
ur* 98g 96g 94g 92g 90g
52% 60% 59% 60% 62%
Hydration

(52me) (60me) (59me) (60me) (62me)

BRI

@ vl Ertge] e sz AAFe] M=zt
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- )\]g_aok :

- mgEw Hrhulg ¢ 10~50%

Table 15, Standard color

YR, S, FYE 2008 VIS

Color Standard Delta
Lh 96.16 -57.69
ah -0.09 -3.97
bh 0.08 11.60
DE 58.98

Table 16. Color changes of seaweed rice products according to the kinds of

wheat flour and its addition

ol
L
of
N
_
—_

Paste added, %

Items
10 20 30 40 50
I 38. 47 32.00 27.35 24.75 23.12
Lh II 39.18 30.25 27.33 24.58 22.98
il 34,34 28.99 25,44 24.36 22.57
I -4.06 -3.20 -2.72 -2.51 -2.35
ah I -4.04 -3.30 -3.04 -2.63 -2.18
I -3.96 -3.18 -2.83 -2.53 -2.52
I 11.61 9.73 7.77 7.27 6. 56
bh II 11.88 9.57 8.65 7.73 6.25
il 11.28 9.07 7.77 7.05 7.23

A ngEL HrHd o sz & AAF H=dst
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- AR 0 UEE 100g 71E
H7MlE ¢+ 2~10%
- 37b s g e HY vEo] FUdsF WA 9 FAETL Hisln,

AT 54E Uehle 227t LE50E M3 7t Z¥elgth

Table 17. Standard color

Standard
Lh 96.15
ah -0.12
bh 0.05

Table 18. Color changes of seaweed rice products according

to seaweed mustard paste addition

Paste added, %

Color
2 4 6 8 10
Lh 61.37 54.10 47.38 42.75 40. 04
ah -4, 54 -4,53 -4.29 -4.11 -3.88
bh 14,74 14.10 13.37 12. 67 11. 47

(W) g7Aeet 2ope A7 sz e Az

@ wld B 10% ¥7ha 2op Hbwol WE shapel W3 W EUHs

Bos
+
Ae
o
¥,
rlr
-
A
-
He
3
g
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2
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N
o
oX,
Lt}
fr
o¥
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L
32,

th mhebN 2ofol



o Alzto] ZdF A Fo| o] HEA|a, ;o] SFSHA =Hlch

Table 19. Changes in hydration ratio according to the addition of Gonyak

Seaweed
Gonyak Rice flour Water Total weight
mustard paste

10%(5g) 1% (0. 5g) 44 5g 45mf 102.13g
10% 2% (1g) 44g 48ml 99.81g
10% 3% (1.5g) 43, 5g 50mé 102, 31g
10% 4% (2g) 43g 55mé 104.10g
10% 5% (2.5g) 42.5g 56mf 105. 54g
6% 3% (1.5g) 45, bg 52mé 100. 80g

Table 20. Color change of rice products added seaweed mustard paste to 10%

Gonyak added, %

Standard 0.5 1.0 1.5 2.0 2.5
Lh 96.15 51.31 50.16 48.99 49.99 48.79
ah -0.10 -5.33 -4, 66 -4.78 -5.20 -5.19
bh 0.02 13.39 12.96 12. 86 13.20 13.40
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Table 21. Color change of rice products added seaweed mustard

paste to 30%

Seaweed
Sample Rice powder Gonyak Water
mustard paste
1 30% (15g) 35g 0% (0g) 12mé
2 30% (15g) 34.5¢g 1% (0. 5g) 14wl
3 30% (15g) 34g 2% (1g) 16mf
4 30% (15g) 33.5g 3% (1.5g) 18mé
5 30% (15g) 33g 4% (2g) 20mé
6 30% (15g) 32.5g 5% (2.5g) 22ml

@ u1% paste 30% A7H A 2o} Bl wpE WFe] Sz
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Table 22, Color changes in rice flour product added seaweed mustard paste to

30% according to Gonyak addition

Gonyak added, %
Items Standard

0 0.5 1.0 1.5 2.0 2.5

Lh 96.15 58. 88 55. 42 56. 00 58. 65 57.94 57.06
ah -0.12 -7.82 -7.04 -7.42 -7.63 -7.19 -7.65

bh 0.08 18.63 17.45 17. 84 18. 34 17.35 18.49

Table 23. Changes in physical properties of kneading by the addition of

seaweed mustard powder in different concentrations

seaweed mustard powder added, %

TEST ITEM
10 20 30 40 50
Strength (g) 288.8 526.9 375.1 323.5 261.8
BRK Intention(g/ced)  1471.4 2685.0 1911.2 1648. 4 1333.8
Jelly (g - cm) 394.4 652. 8 378.8 224.6 183.8
Softy  (cm/dyn) 4.7 2.32 2.66 2.12 2.66
Crisp 31.86 57.3 31.18 29.36 21.7

Hardness (dyn/cn') 2111811.0 4311600.0 4091200.0 4836000.0 3944800.0

FUMES YGRS TUSH B
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Table 24. Changes in physical properties of kneading by the addition of

seaweed mustard powder in different concentrations

seaweed mustard powder added, %
10 20 30 40 50
Strength (g) 379.2 363. 8 354.6 332.3 177.6

TEST ITEM

BRK Intention{g/ca) 1932.2 1853.8 1807.0 1692.8 803.8

Jelly (g -cm) 572.6 522.4 463. 8 345.0 168. 6
Softy  (cm/dyn) 3.9 3.92 3.65 3.25 11.5
Crisp 36,24 34.12 25.65 23. 36 4.04

Hardness (dyn/emf)  2518200.0 2533800.0 2743600.0 3558400.0 2238513.6
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Softy= Z4ste ZB¥oldrHTable 26).

Table 25, Changes in physical properties of kneading by the addition of

seaweed mustard powder in different concentrations

seaweed mustard powder added, %

TEST ITEM
10 20 30 40 50
Strength (g) 345.1 317. 4 221.0 242.6 249.8
BRK Intention(g/cif) 1758.4  1617.2 1125.6  1235.8 1272.8
Jelly (g-cm) 529. 8 484.0 314.2 276.0 307.8
Softy  (cm/dyn) 4.36 4.73 6.41 4.64 4.84
Crisp 12.16 26.38 16.02 21.16 19.24

Hardness (dyn/ari)  2279600.0 2081000. 0 1568400.0 2206000.0 2052000.0

« UFHES AYLEG Esto] Sy

Table 26, Changes in physical properties of wheat flour kneading

according to different addition of seaweed mustard powder

added seaweed powder, %

TEST ITEM
2 4 6 8 10
Strength (g) 168.6 172.4 257.0 284.8 337.0
BRK Intention(g/ci’) 858.6 878.2 1309. 4 1451, 2 1717.2
Jelly (g-cm) 189.92 252.4 362.8 401.6 447.8
Softy  (cm/dyn) 8.41 8.38 5.41 4,89 3.97
Crisp 11.12 17.7‘ 27.42 29, 64 35.48

Hardness (dyn/cf) 1181282.0 1200400.0 1800800.0 2042600.0 2567000.0
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Table 27. Changes in physical properties of rice powder kneading

according to the addition of Gonyak powder

added Gonyak powder, %

ITtems
1 2 3 4 5
Strength (g) 255.8 335.6 315.6 330.3 360. 2
BRK Intention(g/c) 1313.6 1706.0 1608.0 1683.2 1835.6
Jelly (g - cm) 140.4 192.8 203.4 207.2 213.4
Softy  {cm/dyn) 2.07 1.68 2.03 1.89 1.65
Crisp 22.26 26.52 16. 68 18. 46 22.78

Hardness (dyn/cmi)  4725800.0 5847400.0 4975400.0 5345400.0 6154000.0

% Seaweed mustard flour was fixed to 5% addition
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Table 28. Changes in physical properties of rice powder kneading

according to the addition of Gonyak powder

added Gonyak powder, %

Items
0 1 2 3 4
Strength (g) 444.0 447.17 398.5 393.33 439.0
BRK Intention(g/ca’) 2242.67  2380.67 2064.7  2012.67 2237.0
Jelly (g - cm) 366. 67 434.67 448.3 285,33 353.33
Softy  (cm/dyn) 1.76 1.96 2.86 1.79 1.88
Crisp 16. 57 45.73 16.3 32.9 21.37

Hardness (dyn/cf)  6470000.0 5329666.7 2539333.3 5722666.7 6489666.7
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Table 29. Changes in physical properties of rice kneading added Gonyak

powder by the addition of seaweed mustard paste

added paste , %

Hrens 20 25 30 35 40
Strength (g) 10.53 381.8 504. 0 489.17 608. 2
BRK Intention(g/cd) 1916.3  1945.7  2568.3 2492.7 3099. 3
Jelly (g« cm) 402.67  359.6 349.33 416.0 384. 67
Softy  (cm/dyn) 2.7 2.42 1.39 1.58 1.03
Crisp 27.17 22.7 41.37 20.37 35.97

Hardness (dyn/cd) 4197666.7 4817333.3 7676666.7 6964333.3  9688333.3

Table 30. Effect of hydration on the physical properties of kneading

Added Water, %

Items
25 30 35 40
Strength (g) 884.0 875.5 850.0 869. 83
BRK Intention (g/cnf) 4505 4462 4332 4,433.00
Jelly (g-cm) 486 481 476 481. 00
Softy  (em/dyn) 0.6 0.61 0. 64 0.62
Crisp 63.2 56.1 66. 2 61.83
Hardness (dyn/cnf) 16050000 153900000 15160000 15,703, 333
o3 AolA nEuUE Hrbste FAETt v]Y pasted HIIslo] sz A
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Table 31. Kneading conditions according to hydration

Seaweed
Rice powder  Gonyak powder Water
mustard paste

1 30% (15g) 67% (33.5g) 3% (1.5g) 25% (12.5mf)
2 30% (15g) 67% (33.5g) 3% (1.5g) 30% (15ml)

3 30% (15g) 67% (33.5g) 3% (1.5g) 32.5% (16.25m)
4 30% (15g) 67% (33.5g) 3% (1.5g) 35% (17.5m)
5 30% (15g) 67% (33.5g) 3% (1.5g) 40% (20me)
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Table 32. Color changes in kneading according to hydration

Hydration, %

Standard
25 30 32.5 35 40
Lh 96.18 57.98 58. 83 59,37 59,06 59,26
ah -0.13 -7.40 -7.62 -7.52 -7.58 ~7.75
bh 0.06 17.90 18. 39 18. 04 18.29 18. 51
(4) 4383y FE
VA s B
- IEEIE AAE - R AE EE REU o8 JA] ZEL st

o] Food mixer® E¥3E vhe. HH7]of &sfA 5 x 3 x

2mm®] A7|E Axtsto] rollAe] B8y ARJE &t
ojPshAM WA= BAHLE o] FETAM EIYPCE
AFstAch AFH AAES dFARINZ Ao A

Zstgrh

X 2 mm 27|17} A gsioict,

= 3
B 2FAEY V&Y 4 R0 R gt d¥x HUslgd oL, el v

_93_



e, @F

s

A v &= Hrlste A2 AFE 8IT

271 AAE ¢

3 H
=

A=z71

32.5% F717F 7MW HY

Rol HA4st

2=
T

FAY F = FEUY 150|312 d]

=3
T2

712 Actsto] MY of 7]Zof g

SRS of 55471 H At

(6) AlAE A=

7h B2 AR =4

oj Y paste 30% (15g)ol 71F 70% (35g)S EY3t FE&& A 7t

1.5ufe] && Jheste] 7] B

31 FYY

13

EROE .

[

7b A& =4

s
Lekd

2

1

1] paste 30% (15g)o] ®7FF 68% (34g) =

st A7) H2

P
T+

1.5v18) && 7t

_94_



Table 33. Physical properties of rice powder added samples

Samnl Strength Hardness Cohsivness Springness Gumminess Brittleness
ample

(dyne/crf)  (g/cnf) (%) (%) (g) (g)
1 765 2392 45 75 69 52
2 10
3 650 2032 15 50 20 10
4 1070 3346 80 75 171 129
5 360 1125 60 75 44 33
6 770 1926 39 60 60 36
7 495 2063 203 133 201 268
8 750 2345 25
9 920 2876 17 50 32 16
10 1090 2726 169 520 368 1913

Table 34. Physical properties of Gonyak powder added samples

Strength Hardness Cchsivness Springness Gumminess Brittleness

Sample

(g/ci)  (g/crt) (%) (%) (g) (g)
1 716 2234 78 100 112 112
2 820 2562 17 50 29 14
3 1625 5078 113 125 367 460
4 1515 4734 58 75 176 133
5 810 2531 18 50 30 15
6 1510 4718 67 100 203 203
7 905 2828 48 75 87 65
8 1510 4718 38 75 113 85
9 1030 3218 39 75 81 61
10 1085 2713 0 20 0 0
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Table 35. Physical properties of dry samples

Sample Strength(g/on) Hardness(g/cnf)

1 3218

2 2637 32968
3 2306

4 2206

5 7756 48476
6 9050 56562
7 1550

8 1187 7421
9 3050 38124
10 10412 130156

A7l ¥, Silva 5¢] 938 22 (9-point rating scale)S AFE3IGCE Al RH]
(multiple comparison test)o] wie} A|A|Ee] Z2E Y 4+ Q= ¥

u], texture, FTHH 7|TT Fo tiste] Fristeict. EFdol wl¢ ¢3S
B¢ 1302 33 vfg U2 BE 98 oE 3t 8% Aeziatdol 33 &

AHES AAT F FA Azlste] £43talct

Table 36. Research of individual acceptability

Total
Sample External Flavour Texture .
acceptability
Control 1 3 4 3
Gonyak added 1 5 3 3
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Table 37. Changes in chlorophyll content during storage of seaweed rice

Storage Storage time, days
temp. 0 30 60 90 120
4C 7.23 5. 56 4,11 3.11 2.08
20T 7.23 3.25 2.06 1.34 0.23
@ A=
AREE A7zt wel A3 FREHo] iEe] oLt EEof 23}
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Table 37. Browning change during storage seaweed rice

Storage Storage time, days

Temp. 0 30 60 90 120

4T 0.005 0.008 0.008 0.009 0.017
20C 0.004 0.008 0.007 0.014 0.023

@ pH W3}
AR F s 2] pHe] WEE ALl dAIA FAEHAEH, ol HY
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Table 38. pH changes of seaweed rice during storage

Storage Storage time, days
temp. 0 30 60 90 120
4T 7.3 7.1 7.2 7.1 7.2
20C 7.4 7.1 7.3 7.1 7.3

L wdE AHA
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Table 39, Storage-stability of seaweed rice in different conditions

Storage Storage time, days
temp. 0 30 60 90 120
AT 1.2x10°  3.0x10t 2.1X10° 2.2X10° 2.8X10°
20C 1.2x10"  6.8X10 3.5X10° 3.8x10° 5. 9X10°
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Table 40, Sensory test of seaweed rice produced by mixing with various

additives

Items for sensory test
Additives

Color Smell Tactile External

Light Little seaweed

Glut h G 11 d
uten green smel ling Roug enerally goo
Taurine Green Little s?aweed Rough Generally good
smelling
Fish oil Green Little s§aweed Rough Generally good
smelling
Soyb B i
oybean rownish Savoury Rough Generally good
flour green smell
Mixed Brownish Savoury
G d
cereal powder green smell Rough enerally goo
Gonyak Little seaweed
G d
starch reen smelling Rough Generally goo
Corn starch Green Little s?aweed Rough Generally good
smelling
Chitosan Green Little s?aweed Rough Generally good
smelling

% Seaweed mustard powder added : 35%
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Table 41. General compositions of seaweed rice produced

(gr/100g edible)

Moisture Fat Crude Ash Dietary Inorganic materials, mg
Protein fiber Ca P Fe
13.2 0.27 7.7 1.4 1.8 12.9  218.4 8.0
2t 0.27 W 7.7%01Qch. EZ, MZFE HIIHLEA I =0 BEF A
olHRE EITE £ Sl EIUL Uk APA SR o of 1.8%9] o]y
# & Ushia girh. dutg e zFE Fulst AzIE RFY o
7B B4 F AoldRrt JHRIR e &avt Fuist "ok AoldAE TR
MEAZA FGEE] Hon UMl 4z} 7} 7] wiFol B HE
FES WA Zstgich 2 2 8 78 ZA 71l eyt utet HAR-A
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