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SUMMARY

Research 1. Development of functional foods using

laver(Porphyra)

1. Separation conditions of functional compounds from laver

Laver, one of most abundantly cultured seaweeds on the coast of our country, has
been regarded as a good source of functional food materials. The seaweed contains
functional polysaccharides such as porphyran and hemicellulose, and functional amino
acid, taurine. In this study, conditions of separation for porphyran, hemicellulose and
taurine from laver were studied. Crude porphyran extracted with boiling water
contained more than 8% protein, so to purify, acid and enzyme modification conditions
were studied. The optimal conditions for the isolation of de-proteined porphyran and
taurine were founded to be acid extraction( pH 4.0, 80°C, 3hrs) and Alcalase(1%, 60T,
4hrs) and Flavourzyme(1%, 45C 4hrs) hydrolysis. And also Ultra filtration(TMP 1.5Bar,
35C) and ethanol precipitation(3 vols) were recommended for concentration and drying
of de-proteined porphyran, and RO(TMP 100 bar) and ion exchange

chromatography(SK 1B) were recommended for concentration and purification of taurine.

2. Development of health food using laver
a. Laver bread

Laver has a high concentration of total dietary fiber and protein as functional
components. However, no systematic study of the effect of laver-supplemented bread
has yet been studied. In the present study, efforts have been made to supplement wheat
flour with laver to develop protein—dietary fiber rich functional bread. Supplementation
of wheat flour with other staples necessitates adjustments to process parameters,
notably in recipe and formulation, mixing and fermentation times, use of baking aids
and enzymes, pre-ferments to obtain high—quality products.

In this work, the poor baking performance which arose from raw laver addition



could be compensated for by using exogenous enzymes and baking aids. Doughs made
with laver paste (at 8% baked laver powder substitution level) with proteolytic enzyme
treatment had markedly good baking properties. Moreover, with the addition of glucose
oxidase and hydro colloidal HPMC, loaf volume and crumb grain were improved for
doughs containing laver paste. Both of intermediate fermentation and final proof time for
doughs containing laver paste was necessarily shorter than that for conventional dough.
The sourdough process and frozen dough methods were available for preparing bread
with laver paste. on the other hand, laver paste was able to reduce the loss of moisture
content during bread storage(0™3 days), retarding staling rate of crumb by enhancing
the water holding capacity. In addition, during storage, bread improvers(SSL, HPMC)
was considered to be more effective to the inhibition of staling. When laver paste (at
8% baked laver powder substitution) was substituted, this significanly increased the
contents of protein (11.2%) and dietary fiber (1.7%) than those of control. The bread
containing 5% porphyran powder obtained excellent baking functionality. This bread

containing porphyran would be a highly acceptable product with dietary fiber(2.7%5).

b. Cookies & senbei

Addition of laver to a wide range of cookies contributed to the development of
value—added foods or functional foods that currently are in high demand. Semi-sweet
cookies are produced from with a moderate level of fat and sugar, 20 and 15wt%s,
respectively. Supplementation of laver paste and baked laver powder to wheat flours
with or without cysteine at 4, 8, 12 and 16% levels were carried out to test the effects
on organoleptic and nutritional evaluation of the cookies. Results showed that cookies
supplemented with laver paste, up to a 12% level are acceptable. A high quality cookies
can be prepared by addition of 16% baked laver powder and cysteine(50ppm/100g flour).
Addition of cysteine resulted in the improvement of physical and sensory characteristics
of cookies made from wheat and laver blends. Baked laver powder at 50% substitution
produced low calorie senbeis with good crispness. Senbei with laver powder turned into

greenish and had savory flavor.

_10_



c. Jam & candies

Even laver with characteristic flavor was organoleptically accetable, this flavor was
not suitable with jam and jelly products. Sea tangle or spicy materials(cinnamon, apricot
extracts, celery seed, nutmeg, and allspice seasoning) were considered best for laver
jam, from organoleptical points of view as well as for masking against laver flavor.
Laver jam was also useful for bakery products with filling agents. The use of gua
gum, gellan gum as gelling agents in laver jelly was very effective. From the sensory
evaluation analysis, laver jelly carrying soy sauce and caramel flavor was evaluated as
superior to other jellys. It was technologically possible to prepare sugar confectionary
(caramel, candy, spread) with lower amounts of sucrose than currently used and still
attain an acceptable product. In addition, sucrose can be replaced in these product by

other sugar alcohol and artificial sweeteners.

d. Laver porridge and soup

Baked laver powder was a potentially useful for preparing cereal based porridge.
Especially, so called Tarak Juk with combination of milk had highly acceptable sensory
value. Sensory properties of traditional western soup is enhanced by addition of baked

laver powder.

5. Seasoned laver

Seasoned laver was made from laver paste and seasonings(seatangle water broth ;
katsuobusi, dried anchovy and raddish)mixed in proportions so that the final product
keeps a savory taste. The use of improving agent(baking powderhydrocolloid,modified

starch) made it possible to keep quality of the products.

Reserch 2. Efficacy assessment on cholesterol improvement

of laver functional compounds

First year study was carried out in order to confirm cholesterol metabolism

_11_



improvement of porphyran and hemicellulose which are functional components extracted
from laver, in SD rats. SD rats were fed diets containing 5% diet fiber of
cellulose(normal control), cellulose(high fat control), porphyran or hemicellulose with or
without 1% added cholesterol for 4 weeks. Among rats fed cholesterol, plasma total
cholesterol, LDL-cholesterol, liver total cholesterol concentration were significantly lower
in group fed porphyran compared with cellulose or hemicellulose. The group fed
porphyran had significantly higher fecal excretion of total bile acid and total cholesterol
than did the cellulose or hemicellulose fed groups when cholesterol was fed. The results
of 1st-this study indicate that porphyran extracted from the laver may exert their
hypocholesterolemic effect by increasing excretion of fecal total bile acid and cholesterol.

Second year study was carried out in order to confirm cholesterol metabolism
improvement of porphyrans and hemicellulose which are functional components isolated
and purified from laver, in SD rats. SD rats were fed diets containing 3% diet fiber of
cellulose(control), de-proteined porphyran, high molecular porphyran(MW>100,000), low
molecular porphyran(MW<100,000) or hemicellulose with 1% added cholesterol for 6
weeks. Among rats fed cholesterol diet, plasma total lipid, total cholesterol,
esterified—-cholesterol, LDL-cholesterol concentration were significantly lower in group
fed de-proteined porphyran compared with cellulose, porphyran(MW>100,000),
porphyran(MW<100,000) or hemicellulose. The group fed de-proteined porphyran had
significantly higher fecal excretion of TG, total bile acid and total cholesterol than did
the other components fed groups when cholesterol diet was fed. This result was higher
than the previous research result based on the improvement of porphyran’s cholesterol
metabolism.

We have confirmed that de-proteined porphyran which was isolated, purificated from

laver, is very efficient component to improve cholesterol metabolism.

_12_
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Table 1. Operating conditions of HPLC for analyzing taurine.

Instrument Model 410(Waters co., USA)
Detector UV 250mm
Colomn AccQ-Tag amino acid analysis column

(3.9x150mm, Waters Co., USA)

Flow rate 1.0m¢/min

Mobile phase A 200m¢ AccQ-Tag eluent A + 20 water,
B: 60% Acetonitrile

Fig. 13} o] Eelgt dx 239 HCP)#} d5F5 I HHWER)S Fig. 29 #o]
4 AYE A =, Ax CPY HWERE F#HFo 44171 & 1% Alcalase(w/w,
Novozyme”) T 1% Neutrase(W/W, Novozyme™)E 7}ate] Zhzh 60Co A 4X 7}, 4
5CAA 4AZF 7hrEslistdnh. a4 Ags CP&d2 FElo 37| (Iwaki 25G4, Japan)=
of gk & o dof oek&S HUbete] A4 (3,000g, 30+E)3te] Alcalase A eldt E 3T
(CP-A)3 Neutrase A3 X3 & (CP-N)& AUt HWERS r#lo %7 (Iwaki 25GI,
Japan)2 ol3}ste] EEg FAFE 50Tl Az Alcalase A dFFEF A
(HWER-A)¢t Neutrase ¥ 455 IAHHWER-N)E 430t
Flavourzyme 44 CP-A, CP-N, HWER-A, HWER-N& 50l

-

XFA] 71

L

¢

ko3
T

Mo

1% Flavourzyme(w/w, Novozyme™)& #718 3 pH 6.0, 45Col A 4A2F 715235k},
2y g8 o(Iwaki 25G4, Japan)F o €25 H7lsto]l 441 E2](3,000g, 30%)3]
Alcalase®} Flavourzymes = @3 Z 3 &(CP-AF)¥} Neutrase$t Flavourzymes # 3 &
9 & (CP-NF)S 4t HWERS 8937 (Iwaki 25G1, Japan)Z o ¥slo] 2] sk A}
£ 50C 7%3e Alcalase®t Flavourzymes A @ sk FAHHWER-AF)® Neutrase®}t
Flavourzymeg # g3t ZHAH(HWER-NF)S z}z} it}

Viscozyme#] 2] = HWER-AF$ HWER-NFo| Z=/F430w)E H7Fste] pH 452 %
Ak &l 1% Viscozyme(w/w)<S FH7bsted 50T, 4A3F ZheEdlstath. e o 7]
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(Iwaki  25G1,

Viscozyme<

Japan)2 o33t FTALE 50CAlA  AZE38Fe]  Alcalase, Flavourzyme,

218]3 HWER-AFV$e Neutrase, Flavourzyme, Viscozyme<

HWER-NFVE A3lth

Porphyra

extract with water(100C, 3hr)
filter( gauze )

centrifuge(3,000g, 30min)

Supernatant Residue
concentrate
add ethanol(3 vol.) dry(50C)

centrifuge(3,000g, 30min)
Hot water extract residue

Precipitate

(HWER)
dry(50C)

Crude porphyran (CP)

Fig. 1. Isolation scheme of crude porphyran(CP) and hot

water extract residue(HWER) from Porphyra.

_30_

A 2] %



CP and HWER

<—Alcalase <—Neutrase
CP-A HWER-A CIS—N HWER-N
<—Flavourzyme |<Flavourzyme <—Flavourzyme |<Flavourzyme
HWER-AF HWER-NF
<—Viscozyme <—Viscozyme
CP-AF HWER-AFV CP-NF HWER-NFV

Fig. 2. Scheme for the enzymatic modification of CP and

HWER

AR Eel] wE Ald g5 wlasty] 98] Fig. 33 o] Agstdn & X A
STl B F F dA 8o ® pH 40082 Fdsta 80TelA 341 714

o] &ttt oA S 1//5E 5= & Alcalase$} Flavourzymes <4 A glsta &= A7}
sto] Al EuekS 355k th Aldw HWER-S Alcalase$t Flavouzyme 2 & A%
ato] 3]sk it

HE 7154 BS dA&xdozn B3Iy 93 Fig. 49 o] 3 Az sl

Z A5 10ge] 7 (GB00m)E E a3l 100TCel Al 3A]
b ot unk F& & Yzhskdo. dolo] a-amylase (0.5g, 37C, 44172} Alcalase(0.2ml,
60T, 4217 Agsta a4 A& (pH 4.0, 303)A1Z & L4122 (3,000 g, 302)3t9 . s
N o ek (3u))S H7F & U4 2](3,000g, 30)ste] EI e FE(1) 7HEA FE()

o2 &t IAHdES 5% NaOH 100mbE 7FsE § 60ClA 1At Es 53 & 9
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AR (3,000 g, 30E)3te] 12 FHES st JA

52 Al 5% NaOHZE 7}éto]
Ao A 1A1ZF Wk AR (3000g, 30%)38ke] 2

Al

S 33 T acetic acid® pH 6002 Z4dstgch pH 2483 FEHHE Z=7F5o 7247F
FA 3 50ColA Axste] FuAEe= IS AT M SHTA F438te <
< AA

3 F 50CelA Axdtel B HRAVS AU

Porphyra
- d-HCl
Filterate Residure
Alcalase
Concentrate(1/5) (HWER-A)

Alcalase Flavourzyme
(CP-A) (HWER-AF)
Flavourzyme
(CP-AF)
EtOH

Deproteined Deproteined

Porphyran HWER

Fig. 3. Scheme for the acid treatment of CP and HWER
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Porphyra

< Water extraction
< a-amlyase, Alcalase
Hydrolysis
Centrifugation
Residue Supernatant
«— 5% NaOH <~ EtOH
Extraction with . .
NaOH Centrifugation
Centrifugation
Residue Supernatant
Residue Supernatant
Dialysis Dialysis
and drying and drying
Insoluble fraction Hemicellulose Porphyran Soluble fraction
(IV) (m) () ()

Fig. 4. Fractionation scheme of porphyran, hemicellulose, soluble

and insoluble fraction from Porphyra.
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(4) 7|sd =& Uy 44t = 43

Taurine®} ¥ 3o o= A 24 HAA3 7] 9 Fig. 58 #Zo] F3&, £33 &

sleld x2S BASAY. Ad A& UF o 449l tangential flow filter 9] &

A& 98] TMP, Flux, Fouling indexE -3} t}.

- TMP( Trans membrane pressure)

Pin + P out
T™P = ———--———~
2
P in : Inlet feed pressure, P out : Outlet retenate pressure
- Flux

uho] ThelWA U B9|A g of gele] 3]

permeate flow( ¢ /hr)
Flux( //m" + hr) = ~———————————

- Fouling index

T4 o d =S HAAS Y8 fouling indexE AFESATH Kuo and

Cheryan, 1983)
Jo=Tt?
Ji : Permeate flux at time t

J1 : Permeate flux at time 1

t  time of operation

b fouling index ( when b=0, there is no fouling and flux is constant )

TS taurined] AAF FAHES HESHY] 93 Fig. 649 &, +23 &

V)9 taurine?] &#<S =433
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Porphyra
- extracted with water (100°C, 3hr) or

d-HCl(pH4.0, 80C, 3hr)

- centrifuged (3,000 rpm, 30min)

Supernatant Residue
- neutralized ‘ - dried (507C)
- filtered (gauze and MF) Hot water extract residue (HWER)
Filtrate
Filter(UF)
Concentrate Permeate(UFP)

- added ethanol (3 vol)

- centrifuged (3,000 rpm, 30min)

Precipitate Supernatant (ES)
- dried (507C)

Crude porphyran (CP)

Fig. 5. Isolation scheme of crude porphyran(CP), hot water extract
residue(HWER), ultra filtration permeate(UFP) and ethanol

supernatant(ES) from Porphyra.
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Porphyra

- extracted with d-HCL (pH4.0, 80C, 3hr)
- filtered

Supernatant (1)

Ultra filteration

High molecular (II) Low molecular (III)

- added ethanol (3 vol)
- filtered (glass, 4G)

Precipitate Supernatant (IV)

Crude porphyran

Fig.6. Isolation scheme of Porphyra extracts( 1 ), high molecular fraction(II),

low molecular fraction(Ill) and ethanol supernatant(IV) from Porphyra.
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Aol AR AOACH O Z3te] FR& 105C g7z, 282 550T 7143
sy, 29w A e Kjeldahl¥, 242 Soxhlet 2 4 &3l gth &2 100-(F2+

B+l A+ Ao 72 ARt 9 dHS galactoseE standard® o] ¥ -
0

FAr71e] FFe Dodgson's el WRiel wel SAsidv. 5 A8 bmgel IN HCI 2mlE
7Fete]l 100Co A 6A17F 7HEEE AR

BaCl,-gelatin€ 9 (gelatin 1g= <7< 200meol] =91 3 24A17F WA B3 & ALg3517] 2-3
Azt Al BaCl, 1g5 H7F & 1

360mel A FF=E FAsA AFA 542 KoSOE AHEsto] 24 &kl
TAY EA8 A g 3megs Hal 0.2mle 0.1 M trifluoroacetic acid( TFA )9} W3-&
542 myo-inositolS H7Faar 80°Coll A 3A17F Hot 1xF A7l & 40°C N, gasd}
ol ] TFAZ 3| AIA AAsEI T FAe] 0.1mle] 0.26M sodium borohydride& (1 M <
Hujol gofo] =Q1)S HIbste] 1AIZF EF A2oA LA F 1Y sodium

M

borohydride= acetic acid® ®3|A7]3L Ny gasZ AZA AT Methanols 3 7Fsfe] nik
F & Ny gasZ 3|71 228 23] HE9] st 7/ boric acidE #| A3k 0.25ml9]
2M TFAE #7Fste] 120°Col A 1Az 59t 22 Rl AIAT 12 Ealleh 2e] 3, $he,
borate A AZZS thA] HEE-SE & ZHALO| acetic anhydride®t pyridineS Z+2F 0.2ml%
7Fske] 120°Coll Al 2087t acetylationA| Attt A7t~ =2 312 A7 3 dichloromethane 1ml
of &dAA FFF= 23 A3 dichloromethane &% 343k 20002 &34 7
-20°Cell ® st Fa A GCo 4 23S Table 29 o A=S YHE-iE+
& A (myo-inosito)) ¥  EFA] 2F(6-methyl-galactose, 3,6-anhydro galactose, D-xylose,
D-mannose, D-galactose, D-glucose)S A|5¢ 5 U3}A acetylationr]| A sx¥ Az

WAHE kel Bt

_37_



Table 2. Operating conditions of GC for analyzing alditol acetate

Instrument HP GC model6890
Column SP-2330(30m x 0.25mm)
Oven temp 230C

Injector temp 240°C

Detector temp 240C

Detector FID

Make up gas He(30m¢/min)

ArxE HEA(MHAAKE Rotovisco 1, Germany)S ©]&3Fo] A2(22T)oA] sensor
PP60Ti(Radius 30mm, Gap 1mm)E A}-&3sto] A@EEHEE 0~1500 1/s7F4] WSIA|7|HA] &=
= z2Aath 2HARE 3%, 5%, 7%, 10% FE(w/v)E %59

& 5442 power law equations Abgete] HAAF Kok #8414 n& T3kl

T : A-g2 (Shear stress, Pa)

(¢}

K : %% A4 (Consistency index, Pa.s™")
v A2 (Shear rate, 1/s)

n : %A (Flow behavior index)

_38_



FEEALAD), Y5 EF(FE3}8), instant dry yeast(S - II. Lesaffre, france), 1
HAME5F), HARGIEAD, 25 F3E), STF7HFGEEAY 2, AT (A b 2~),
T, 1 S, AR, B, 7IE S AXE ARTS AlsAdA Tt =g d
brew AZg& WYWEBAFA  Lbrevis®t L.plantarum(CHR, Hansen), ascorbic acid,
L-cysteine(wako pure chemical, LTD), glucose oxidase(Gluzyme), Flavourzyme(Novo
Nordisk), SSL 3}41 (441 3}), Pectin 2 gum(MSC), gluten(sigma co), 777 &(d
&), oligo FHGGHEA Y ), HAHE (5 &) E FY5t ALE3HA

y

(2) JAS M
(71 AR B4y EAM

Amol AW E wet gluten % farinograph &4 A4S AACCH, AolAf+=

)

T A EEAT0C S EA 37 40x &< 7% F 100mesh= Fd3h)el 68l &9
05%¢] Flavourzyme= #7}star 50C 7)o A4 10A]17F ¥F-8 & autoclaveol A
(100C, 10%7H3ss

(ch NuEg u= §= 9 54

@ g5 A=

W= 9859 7|2 wi@Hl= Table 33 Zom AACCH O A3 wES (straight

dough method), Short time method % sour dough methodE A}-&3te] WSS A 23St
(Fig. 7). ¥+=%< table mixer(kitchen aid, USA)E A}-&3}o] 2¢toA] 38 3ctolA] 28 4
ol A 3R7H 3 F Far(dIdF, 30C, RH 80%)01 4 & $ baking(190C, 25%)3}F%1
tt.  Sour dough= 7}F9t FHFIFE FHEH(w/w) &8s X9 2%, L.plantarum,
Lbrevis 59 ZA2dS AF01%, w/w)st & 28C &=7]dA] 20A]7F #F & A7l wheat
brew=Z# A xsAT. Yeg& W= Aol UF3 H Y (rectangular slab type,

5x10x1cm)e. = 433t PE bagel H&3t * -20C<¢] W& l(operon, AL ddAdxo]d])



#H(10d)stg o WEa e F7E%EE 3m/sec, G W %A (Yokogawa, Japan)el ¢
l

Table 3. Basic formula for the bread

Ingredients - Metho.ds

Straight dough Short time Sour dough
Wheat flour 100 100 80
Wheat brew - - 20
sugar 6 4 4
salt 1.5 1.5 1.5
butter 4 4 4
yeast
water(variable)”

* according to farinograph water absorption
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Frozen dough

process

T~

sour dough

process

Common dough &

/

Dough mixing

|

Dividing & shaping

|

Freezing
(-207C)

|

Freezing storage
(-207C)

|

Y

Thawing
(30C, RH 70%, 1hr)

|

(28T, RH80%, 30min)

First fermentation

|

Rerounding

Dividing of dough

|

|

Fermentation
(30T, RH 75%, 30min)

Proofing time

(10min, room temp.)

\

Molding & Panning

\

Proofing(28 C, RH75%, 30min)

\

Baking

Fig.7. Straight dough fermentation scheme used for doughs containing laver

paste
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@ Htzo| dig YA EN
g F wkso EAly vty o b AA S rheofermentometer F2 (Chopin,

France)® =4 35}9t}.

DAY b= A AIZE min
Sourdough®] pHE AOACH S| 8] pH meter®, A= phenolphthalein #] A] &2
o]-&3to] 0.IN NaOH m¢ 2 ¥ A3}tk

@ NY Sd

o] Bl 2 ARNAACCH) SR, HSEE Chen 59 WHow, 48 A

T(a), FAME=(bH)Z Jede. el A4S rheometer(Sun rheometer compact 100)E A}
, Ak, R4, 984 s SASAY W R vAlTFE= SEMUSM

10kvell A 1,000 &= #Eatar o] w3tes 4
of o w A2oA A IAZF B3 o Aol i 72A13F B3 $9o Fr sk

ol

f

sl 7THE O Z Table 49 #&

(2h) 721, dA4x7 A= 4 53 54

W= Az e 7B B A 02 AFE3FE cream method(Omobuwajo T.0)E A&}
Atk 0.3cm FA9 sheetE Ad & AEF bem YHEZ cutting 3 T2 180T ovenoll A
15%%F baking stth AolA 1A7F &< By & F7]9 FI(FAXEH), HA4
(AACCH), M (colorimeter) ¥ 7] A% &4 (rtheometer) 55 =A3Avt. F71¢ A At
o] 7] wjgd] = Table 59} 2t}
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Table 4. Definitions of descriptive terms for sensory attributes of laver bread

Color Visual impression of bread crumb color (from light to dark)

Sensory texture

Density Visual impression of bread crumb porosity

(from pore less to porous)

Dryness Degree of dryness (from low to high)

perceived while chewing the sample 7 times

Stickiness Degree stickiness (from doughy to crumbly)

perceived while chewing the sample 7 times

Flavor The insensity of the taste of typical laver bread perceived

while chewing the sample 7 times (from low to high)

Table 5. Basic formala for the cookies and senbei

Material Cookies(g) Senbei(g)
Flour 100 100
Butter 20 10
Sugar 20 30
Baking power 3 14
Skim milk 5) -
City milk - 200
Egg or water 20 100

(o) ®, F2 j= 4 E&2 EY
AAY Axes FHEHST 53 Zon 712 widvl= Table 63 2t F2 54
T g , A% (Haake, Viscotester, VT6/7L), 9 X=(refractometer, HSR-500,

’
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ATAGO Co. LTD, Japan)s= =43, M HEAL 33/ (spreadability) S 91t
line-spread test (Campbell A M 5)¢ #5HAMGHE FARH)E HAsAT. A FEd
(150me)ell A= PVC &7]e ol dgdh & A220CHe)A 304 #Ads +
Ath.

g

_l[}lv

ol
-

Table 6. Basic formula for the jam and jelly

Materials (g) Jam Jelly
Laver paste 100 -
Laver powder - 10
Water - 200
Pectin 0.5 -
Sucrose 20 30
Sugar syrup 20 20
Citric acid 0.3 -
Agar - 2

’

ﬁ%?ﬂi%Fg8#7“m1ﬂﬂi&%%%%ﬁ%iﬁ%%@%&iw@%ﬁE.éi
7 AE, WA, pll BEAS ZPesith A% AT APYS  pouchd
film(PET/AL/PE/CPP)ll 200gX <%, % & 7} (110TC, 10)3ska 30¢ A (57T)

A pH, Ak, % £d=(ange] WS R B H7HE sk

(A 7154 S8 Y soup
719 &59 soup baseo H F=&F 75 =245 HUlslo 7ty A4 2 F2 EA

& zAbahgih
(oh) SAAE

SAS &7 PackageE ©|&3to] Foy xFPA 28 F4REA(ANOVA) L = <€0.05

S
Tl A AlE3EY] {94 (Duncan’s multiple range test)S #AXE 3T}
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cereals

add water

or stock

precooking

packaging

Fig. 8. Flow chart of procedure for preparing gruel

add complementary
elements

(vitamines, minerals)

blend of proportional
ingredients
(nuts, sesame, soybean,

vegetable, meat)

<«— | cooking
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Table 7. Proximate composition of Porphyra

(% on dry basis)

Total

Ash

Crude

Harvest

Carbohydrate

lipid

protein

date

1.3

0.3
0.4
0.4
0.7
0.8
1.3

0.3

28.6
26.7
29.2
29.1
30.4
29.4
30.1
30.3

35.1
34.5
33.0
34.3
34.0
33.9
34.2
34.2

A~ N N N N~~~

< 138 - 15.

)

Table 8% 2t} et

[e]
e

o @

0.8 - 1.3%3t. £9]

ke
T

2.4 - 39%, B9

o)
o

Ton

=l

Qoh E M AEEe s} B

1
T

el
JK

o

<t
KT
<4
o

A A

A
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Table 8. Contents of porphyran, hemicellulose and taurine

(%)
Harvest Porphyran Hemicellulose Taurine
date
12/16 '04(F-++2)) 13.8 3.4 1.1
01/10 "05(F-4]) 14.2 3.3 1.2
02/07 '05(A] F4]) 14.9 3.7 09
02/17 '05(F-+2]) 14.6 2.4 0.8
02/20 '05(A F2]) 15.2 3.4 1.2
02/24 '05(F-2]) 14.9 3.1 1.1
03/20 "05(AF4]) 15.3 2.7 1.3
03/24 '05(F--2]) 154 39 1.0

of wet FEF 2EIHCP) Y A5FEIHHWER)S 5314 24 Table 99} 2tk
Az Qe wrshEe] FFe @] vate] wokdl ol WA A9 Solth C
o A9t awel FRolglel graRy duds P Qon wudel gHako] 84%
2 WA gk HWERS 8127 wlde] o] CPol Mlste] :gith uteba] CPsh

WERS] 7154 54 9ua ¢ Aolo] utet gebd ow wusol Auy Py

HEsHAH

Table 9. Chemical composition of Porphyra, crude porphyran(CP) and HWER

(%)
Moisture Ash Fat Protein Carbohydrate”
Porphyra 11.0 14.1 09 25.5 48.5
Crude
109 3.4 0.1 8.4 772
porphyran(CP)
HWER 95 8.2 04 34.1 478

* carbohydrate = 100-(moisture + ash + protein + lipid)

_47_



G AAE fle) AU Fig. 20 w2k 22 AHHE & F olgehy 54 ®Is

st=2 ksl e 37 ke wslrt glelth. 53] Flavourzyme> Alcalase> Ne

g AAE A= CP9t HWER &+ Al
alase®}t Flavourzymes &2 at= Zlo] &#olqlth. CP &7 e oA
el w2 Welrh Qloh wEka] byl el AdEo] = vbE waE e gy o

o] Slof duiEs] T4 AE CPE AAlE & ¢ s A= dAddn. v Vi

@}

scozyme A& A HWER®Y] &<
o ks HWERS 74 9% @wldo] ggslEo ZAgts o EAst= Aol ofyal T3

I EA AY T WY 2B e Tl Ve E AR ddHn

g4 A CP9 HWERY 49 =42 Table 113 24 CPY 8 FAY =442
galactose, 3,6-anhydro galactose 2™ =1 2|9 6-O-methyl-galactose, glucose 5 ©°] &
o] d%ltt. Alcalase, Neutrase, Flavourzyme =29 uwe} galactose®t 3,6-anhydro

galactose®] &#o] F7letes H&S UEUo] HAA L7 Zokds & 5 AU

Table 10. Change in yield and chemical composition of porphyrans and HWERs

treated with different enzymes

Chemical composition(%6)

Sample” Yield(%)
Total sugar Protein Sulfate

CP 100.0 73.3 8.4 133

Crude CP-A 83.1 74.1 45 126
CP-N 85.1 746 6.2 12.4

porphyran  Cp-AF 76.6 78.1 1.3 13.8
CP-NF 81.6 775 3.7 13.4

HWER 100.0 17.1 34.1 2.6

HWER-A 69.0 386 28.2 25

HWER-N 70.9 29.9 29.4 2.2

HWER  {1WER-AF 55.3 467 106 2.1
HWER-NF 58.9 365 12.1 2.4
HWER-AFV 49.9 20.9 9.3 2.6
HWER-NFV 53.0 14.4 10.7 2.6

" Refer to Fig. 2
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Table 11. Sugar composition of porphyrans and HWERs treated with different

enzymes.
Composition(%)
Sample’ 3,6-An- 6-me-O-
Rha Xyl Man Gal Glc
Gal Gal

sorphyran CP 050 524 284 025 - 2609 146

CP-A 0.71 6.18 2.69 0.56 - 28.85
CP-N 0.80 6.53 3.26 0.54 0.64 29.80 0.84
CP-AF 0.78 6.94 2.15 0.38 0.4 32.62 0.34
CP-NF 0.64 7.03 2.58 0.56 0.44 33.76 0.24
HWER HWER 0.42 1.33 0.49 2.15 1.61 8.19 1.12
HWER-A - 2.09 0.5 2.71 5.07 7.89 0.26
HWER-N 0.33 1.67 0.45 2.73 4.81 8.11 0.33
HWER-AF 0.23 1.63 0.42 2.96 4.42 6.53 1.15

HWER-NF - 1.27 0.46 3.35 512 7.98
HWER-AFV 0.18 1.27 0.37 2.75 4.64 6.54 0.19
HWER-NFV 0.27 1.31 0.5 2.72 479 8.35 0.37

* Refer to Fig. 2

HWER® F8 9xAL galactose®t xylose, mannose®|™ A9 36-anhydro
galactose, glucose, rhamnose, 6-O-methyl-galactose’} #H &% o] HWER| A %o ¥ 3¢
o] EYH &S & 4 At HWER®S 79+ Alcalase, Neutrase, Flavourzyme # €
of w2} mannose®t xylosed &S A7 F7FsE WHH galactose®t 3,6-anhydro galactose
= AastAn weEl HWERS F2 7 RS galactose, mannose®} xylose® T4 ¥
hemicelluloseZ <1 %At} Viscozyme # 2] Al:= xylose®t mannose o] 7FA3

o]+ Viscozymeo] 4H 35 o] 9= hemicellulased] &l 7FEald Aoz dAuwc)

Al

AP 34 AR 29 9 HWERS @A gl WXl J3FS vastr] &)
Fig. 33 #Zo] Agstitt. 4F Aol mE &9 Wt 7o gl v b A A
g7 &4 Aol Hlske] dulde] gheFo] §A43%] FAastla estE e kel FUb
itk weld Eyee Auwe 9= A vt a4 ARt ayEes kol
T AAH(Table 12).
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Table 12. Yield and proximate composition of laver porphyrans

Sample Yield Protein Carbohydrate Ash
Laver 100 41.4 37.8 20.8
N-C.P 15.4 22.4 63.5 141
N-C.P-A 14.3 12.5 741 13.4
N-C.P-A.F 12.2 10.4 75.9 13.7
A-cP 146 35 89 126
A-C.P-A 14.1 3.0 85.1 1.9
A-C.P-A.F 12.2 2.7 83.8 13.5

Lok A A & Alkalase A 2lAl #Ab7] sheFe 7FAsh dbyd 3 6-anhydro galactose
o} galactosed] o= W3l= AT AF A7 & Alkalase®} Flavouzymes 7 AHElAl =
ak7) o] ghaFo] AvF F7Meh WHHel galactose] ol w43 A
Hal= A9 §IHH( Table 13 ). HWER®S] 4 9% 2F Aol w
o] Z7}59t( Table 14 ). Wb 2F g7} 3@y HWERe wwld g

|

dape A A oa wude] wAHL Aol WAl Fgee Fal

-

i
to
ol
=
% g M
)
i
lo
o
of

Table 13. Sugar compositions of porphyran

Sugar compostion(%)

; Uronic

Sample  Protein  Sulfate acid  An-Gal 6—M(|9—Ga Aam Gal -
N-C.P 22.4 13.5 7.5 12.2 2.9 1.8 59.8 2.3
N-C.P-A 12.5 14.2 8.9 13.0 3.2 2.0 66.1 2.3
N-C.P-AF 10.4 12.6 12.1 1.6 2.3 1.8 46.8 1.3
A-CP 85 162 97 150 28 20 621 30
A-C.P-A 3.0 12.7 16.9 15.6 2.9 1.9 63.5 2.1
A-C.P-AF 2.7 14.5 17.5 14.9 2.1 1.8 46.5 4.8
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Table 14. Yield and chemical composition of HWERs.

Sugar composition(%)

) . Total Uronic
Sample  Yield Prot Sulfate 27"
ampie - Tield oI g jgar M acid An-Gal Xyl Mam Gal  Glu
HWERr 459 538 392 28 29 29 - - 70 95
HWER-A 248 430 489 22 63 30 38 66 107 -
HWER-AF 232 408 512 21 64 - 70 73 102 -

Fig. 9= Fig. 20 we} &4 F2¢ 29 §H4(CP, CP-A, CP-N, CP-AF, CP-NF)
o] F%(3%, 5%, 7%, 10%) Wald] w2 E4 Wels el Aot A(22T)dlA = &
e gde Ak % 840 1/solA ZF v % HZ 638(3% &), 294.9(5%8& M), 649.0(7%
g MPas YEIH L, 10% sZol s 263 1/solA =4 A4 W99l 1200Pas Z=3ak3ith

3 @ e Fust FARSE A9 gelo] F43 FAem, n¥E A5E
e $e) TA%e] 343 Frhehdl ol myEe T Fole FLoN ok A

o] Aol AW Lol FA3 Z7tet7] wEolt) Alcalase® 7}
&

Q
)—U
Z
o
w
X
o
S
ﬂ
X
ko
C
3
S
o
w
S
o
i~
o)
o)}
—
00
)—U
Q
1o
2
v
(o3
)
O
i
iuj
=
ui
e
&
e
o

Alcalase®} Neutrase® ZA7FFE3 & Flavourzymel 2 A 7}83]3 CP-AF X3y &

Aol A5 156.2, 580.3Pas, CP-NF 3%, 5%, 7%& 4 7t

@ g9 §% 54 Table 159 @b CPY #¥A5E AAR BF 10¢o
g9 FEATE 99
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Fig. 9. Shear stress-shear rate curves of porphyran solutions
treated with different enzymes. (a) not treated ; (b) Alcalase
treated ; (c) Alcalase-Flavourzyme treated ; (d) Neutrase treated

; (f) Neutrase-Flavourzyme treated
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Table 15. Power law constant for porphyran solutions with different

concentrations at 22T

Sample! Concentration K2 e .
(%,W/V)
3 0.3463 0.7744 0.9999
cp 5 3.2547 0.6685 0.9999
7 21.0209 0.5177 0.9999
10 - - -
3 1.1308 0.6822 0.9999
CP-A 5 12.0499 0.5219 0.9999
7 69.4167 0.3876 0.9994
10 - - -
3 0.4239 0.7583 0.9999
CP-N 5 5.0417 0.6082 0.9999
7 26.5468 0.5150 0.9998
10 - - -
3 3.0849 0.5715 0.9999
CP-AF 5 44.0789 0.4051 0.9999
7 — — —
3 0.8950 0.7163 0.9999
CP-NF 5 12.5759 0.5412 0.9999
7 — — —
U Rafer to Fig. 2, 2 Consistency index, ¥ Flow behavior index

=~
7 EAE Rom dgagon o3

wastglth webd A Ao Edde] AE Asts A Aeld] s LA @it

o
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1000 +—

A0 17—

Crude porphyran Crude porphyran

1000 -‘—

—

Alkalase Alkalase
Alkalase + Flavozyme Alkalase + Flavozyme
O Hot water extraction O Acid solution extraction(pH4.0)

Fig. 10. Shear stress—shear rate curves of porphyran solutions treated with acid

and enzymes
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=K (Table 16). 3¢ g (Table 17)

=
T8 Aol &stE> Frr> FRY> o ol Tl o] A9 AlcalaseEs A

Table 16. Yield of fractions’

Yields (%)

Harvest date

[0 2 e V7
12/16 '04 13.8 33.6 3.4 9.0
01/10 05 14.2 40.5 4.3 14.0
02/07 05 149 ol.5 3.7 121
02/17 '05 14.6 46.6 24 6.7
02/20 05 152 47.8 34 9.1
02/24 '05 159 489 3.1 12.3
03/20 '05 15.3 424 2.7 8.9
03/24 '05 14.4 40.5 3.9 10.4

2)

D Porphyran fraction, Soluble fraction, & Hemicellulose, P Tnsoluble

fraction, Y Refer to Fig. 4.

Table 17. Chemical composition of porphyran(Fraction 1)

Composition(%)

Harvest date Total sugar protein sulfate uronic acid
12/16 '04 76.58 478 14.90 12.56
01/10 '05 77.61 4.54 14.18 .8.49
02/07 '05 69.76 4.95 11.12 10.96
02/17 '05 72.81 4.40 11.95 11.57
02/20 '05 66.99 4.14 13.61 .9.84
02/24 '05 68.78 3.61 13.04 11.18.
03/20 05 77.84 4.71 13.55 16.18
03/24 '05 68.73 4.21 15.12 .9.03
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Table 18. Chemical composition of soluble fraction (Fraction II)

Composition(%)

Harvest date

total sugar protein sulfate  uronic acid taurine
12/16 '04 7.12 26.44 1.23 0.78 1.06
01/10 '05 8.51 27.64 1.2 0.69 0.89
02/07 '05 7.00 27.15 1.27 0.66 1.34
02/17 '05 7.38 25.29 1.36 0.4 2.84
02/20 '05 9.30 27.84 1.57 1.18 1.16
02/24 '05 9.29 27.17 0.82 1.01 1.30
03/20 '05 8.57 26.39 1.58 0.46 0.60
03/24 '05 9.82 25.63 0.91 1.40 0.86

Table 19. Chemical composition of hemicellulose. (Fraction )

Composition(%)

Harvest date

Total sugar sulfate uronic acid
12/16 '04 61.41 0.8 12.6
01/10 '05 56.79 0.7 11.5
02/07 '05 69.80 0.8 11.0
02/17 '05 62.59 1.4 11.6
02/20 '05 57.61 0.8 10.9
02/24 '05 57.44 0.7 11.2
03/20 '05 62.84 1.0 12.2
03/24 '05 61.99 0.8 10.0
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Table 20. Chemical composition of insoluble frction (Fraction IV)

Composition(%)

Harvest date Total sugar sulfate uronic acid
12/16 '04 32.9 1.8 13.3
01/10 '05 38.1 0.7 10.1
02/07 '05 44.2 1.1 17.5
02/17 '05 36.2 1.8 9.7
02/20 '05 30.3 1.7 9.2
02/24 '05 37.2 1.2 13.8
03/20 '05 43.9 2.2 17.8
03/24 '05 41.2 1.1 16.9

Table 21 - 24% %, E9 & guAF2 o= B4 o F24& el Aol
e & ZA(Table 21)& galactose, 3,6-anhydro galactose”} 5+
annose, glucose, xylose, rhamnose, ribose’} A=A 23 & FE(Table 22)2 =2 T
XA H o] galactose, 3,6-anhydro galactose® A& Al Ey & EAS e Sit)

Fn A FEE O 238 H(Table 23)& galactose, 3,6-anhydro galactose®9] mannose,
xylose7} =0} 9l Table 149 WERd npe} o] $2Yile] 8 74 AY AL
2 daEn. 584 IAME E(Table 24) % v A F 229k vf$ FAEE 24 eI S
U ddides dudgze= 2o Hl3 xylose$t mannosed| o] & Aol o] 3l

At

Table 21. Sugar composition of Porphyra

Composition(%)

6-me-
3,6-An
Harvest date Rha Rib ol 0 Xyl Man Gal Gle
-Ga
-Gal

12/16 '04 041  0.28 2.12 0.63 0.91 1.66 11.99 1.02
01/10 '05 0.46  0.37 02.6 0.77 0.7 212 13.29

02/07 '05 2.24 1.42 1.02 077 13.73 1.23
02/17 '05 0.30  0.26 1.98 0.61 0.9 1.52 10.74 0.62
02/20 '05 0.32 0.19 1.62 0.76 092 191 1297 1.48
02/24 '05 0.28  0.28 1.24 0.55 0.74 1.556 11.37 0.51
03/20 '05 0.37 0.99 0.65 0.70 1.39 10.99 0.91
03/24 '05 0.30  0.23 0.64 0.51 0.61 143  9.69 0.74
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Table 22. Sugar composition of porphyran(Fraction I )

Composition(%)

Harvest date  p o pip ppp DOTADOTMET o ln Gal Gle
-Gal O-Gal
12/16 '04 1.06 1.42 0.28 8.35 221 077 0.27 31.77 0.37
01/10 '05 0.11 6.52 1.84 093 0.73 32.72 0.76
02/07 '05 2.04 1.41 5.52 299 141 0.54 31.36 0.96
02/17 '05 1.09 1.12 4.76 2.54 125 0.74 35.26 0.75
02/20 '05 0.52 0.18 4.99 1.89 1.97 0.40 24.98
02/24 '05 0.26 0.19 0.26 5.96 1.77 0.88 24.06 0.38
03/20 '05 0.37 0.12 0.14 5.85 1.59 0.53 041 25.83 0.17
03/24 '05 0.94 0.18 6.63 1.07  1.98 0.43 24.16 0.30
Table 23. Sugar composition of hemicellulose(Fraction III)
Composition(%)
3,6-A 6
Harvest date 0 Rib  Ara T Xyl Man  Gal  Gle
0O-Gal
-Gal
12/16 '04 0.42 5.67 0.57 0.71 0.95 8.88 0.42
01/10 '05 0.34 6.56 0.87 0.82 0.98 6.38 0.21
02/07 '05 0.28 4.52 0.18 1.15 0.54 7.01
02/17 '05 0.24 5.38 0.63 1.05 0.70 6.56
02/20 '05 0.04 0.05 545 0.86 043 0.64 4.79 0.09
02/24 '05 0.09 0.07 4.61 0.28 0.38 0.19 7.38 0.09
03/20 '05 0.23 0.05 0.02 4.48 0.46 048 098 6.89 0.60
03/24 '05 0.23 472 0.45 0.47 0.72 7.50 0.03
Table 24. Sugar composition of insoluble fraction (Fraction IV)
Composition(%)
3,6-A 6
Harvest date o Rib  Ara T Xyl Man  Gal  Gle
0-Gal
-Gal
12/16 '04 0.63 1.00 11.11 0.49 6.06 544 8.61 2.42
01/10 '05 0.3 0.5 10.38 0.49 5.10 6.97 8.75 0.7
02/07 '05 0.6 15.49 1.07 529 6.98 12.37
02/17 '05 0.33 0.4 1252 0.71 5,35 6.83 12.39
02/20 '05 0.55 16.99 1.08 6.26 7.70 13.99
02/24 '05 0.24 12.90 0.55 5.53 3.29 7.17
03/20 '05 0.35 0.34 14.00 0.09 5.18 6.28 12.23
03/24 '05 0.18 0.39 15.70 0.87 4.98 6.89 10.47
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mEkA] 9ol ARE
HA TMPZ 15bar®

Table. 25. Changes in yield and chemial composition of

THetol = W UF s

skt .

BCTE At

CPs, ESs, UFPs and

HWER. (%)
Extraction ) Total Crude
Samples ) Yield Sulfate ) Ash
times sugar protein

pH 4.0

cp 1st 16.1 75.8 14.8 59 10.7

Z2nd 1.9 73.6 14.1 6.5 10.1

1st 15.0 7.63 14 32.6 45.1

UFP 2nd 1.9 6.71 1.7 24.3 445

BS 1st 4.3 10.6 2.2 33.3 42.2

2nd 41 1.3 0.2 3.9 54.8

HWER 53.0 23.3 44 55.0 4.8
Water

cp 1st 15.6 63.9 14.1 13.9 119

2nd 3.4 69.9 14.0 109 109

1st 11.0 6.0 2.1 26.7 44.3

UFP 2nd 2.1 85 2.5 30.8 36.3

ES 1st 3.6 13.8 4.3 38.8 32.9

2nd 4.6 3.2 0.6 9.7 51.8

HWER 46.0 29.7 5.2 51.2 4.9

Refer to Fig. b.
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Table 26. Specifications of the membrance module used in microfiltration(MF),

ultrafiltration(UF) and reverse osmosis(RO) system.

Membrance MF UF(Lab) UF (Pilot) RO(Pilot)
Type Depth filter Hallow fiber Hallow fiber Spiral
lc\ﬁ‘zl_icf?ar WEEht 7~ 0m 10000 dalton 10000 dalton 15,000 dalton
Material Cellulose Polysulfone Polysulfone Polyamide
Module size 220mmd 420mm x 347 mm  60®mm x 552 mm  46dmm x 305 mm
Effective area 0.03m’ 0.1m’ 0.6m’ 0.4m’
Temperature 120C 120C 120C 4750C
Pressure 3.0 Bar 3.0 Bar 3.0 Bar 41 Bar
pH range 1714 1714 1714 4710
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Fig. 11. Effects of TMP on permeate flux of porphyran solution

Fig. 12. Changes in permeate flux of porphyran solution at 1.5bar
of TMP and different temperature
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Fig.13. Change in fouling index at different temprature at 1.5bar of TMP

B9 3t 345 98 Fig. 63 o] Eele 72+ g7 B9 &S Table 273

Tabe 27. The contents of taurine in High molecular fraction(II), Low molecular

fraction(Ill) and ethanol supernatant(IV) from Porphyra.

(g)

Porphyra () () (IV)

4.76 1.23 2.42 0.82
Taurine .

(100) (25.8) (50.8) (17.2)

1, 9 of taurine in porphyra., Refer to Fig. 6.
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E9 @ YA BAE Sl UF permeateE  ©]€3+9] taurineS #838H7] ¢33 R.O.¢ o] &
wgaAReE a2y 21S HES

(7F) TMP2} fouling index H 3}
UF permeatesS ©]£3}9] taurines #33t7] 98] ¢4 RO. 55 =4S HESS

Fig. 14+ TMP ®3le] mE fluxe] WstE vebd 2dolth. TMP7F 50014 10.0 bar7t
A F7HA flux®E FA438] Tk oy 1§ 125 bar 7bA €wbs] FUkgE § thAl 5435
s7tst= 43e el A

Fig. 15= TMP ®3lo] t& taurine® AX&& Webd T o|th, TMP 8.0 barZ7A] =
taurinee] 71¢] 100% A A7} ¥l £do] glloy el F7F &5 taurineo] F3H¥ o]
10.0baro] ol M= tEo]l F71e =% taurine? A A &o] rolxith uhelAd o] fluxs}
taurine®] AA &S 1H3] TMP 27& 10.0barZ 43}

T3 & A7k wE fouling indext 40%7FA= g W37t A9 gllort 60 ol F

o= Alzto] S7FdEo wel A% o2 fouling index® 5713 tH(Fig. 16).

Fig. 14. Effects of TMP on permeate flux during R.O. filteration
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Fig. 15. Inhibition rate of taurine during R.O. filteration at different TMP

Fig. 16. Changes in fouling index during R.O. filteration at 10.0bar of TMP
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44], Na'type)

(Lh) o[22 @ X A=
RO %90 2R¥ taurines #8371 $8 SK 1B(% AtAol2u st
columne °]-&3te FHFxUES AESIT. RO, w595 ZAdo & % ZF tubed
conductivity, pH % taurine %<& 43 23} conductivity’} w43 S7F § 7HA4sEH7]
| Ztstau pH7F 343 S71s= BEEAA A A taurined 80%E 3|53 &= IS & F
Abe = e =4S Fig. 183

3 Beae EAl

_—

SASITH Fig. 17)
ore] AYANE FPs] Lo
ol AT

Fig. 17. Ion exchange chromatogram for isolation of taurine
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Retenate Alcalase &
Extractor > —> M F |—> Porphyran
Flavozyme
Supematant Filtrate Permeate Retenate lon .
Centr’ifuge MF > R O > —> Taurine
exchange
UF
Precipitate Alcalase & Precipitate
> > Centrifuge > Hemicellulose
Flavozyme

Fig. 18 Flow diagram for the production of porphyran, taurine and hemicellulose
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Table 28. Treatments for preparing dried laver products

Treatment External characteristics”
No. adhesiveness bodiness shrinkage
Hydrocolloids
1. HPMC O.5g +++ +++ +++
2. CMC 0.5g +++ +++ +4++
3. Xanthan gum 0.5g +++ + +
4. Alginate 0.bg et —— e+
Modified starch
5 PK''1 2¢g
(malto dextrin) 2g A * +
6. Super gel 2g
(cross-linkage starch) o * +
7. Suntender 2g
(oxidized starch) I " *
8. Fine soft 102 2g
(ester starch) A * o
9. Dried laver powder
(200mesh) 1g A * +
10. shrimp ext. 1g + + n
11. shrimp powder 1g + + n
12. onion powder 1g + + ¥
13. Anchovy powder 1g + + ¥
14. squid powder 1g ++ + n
15. chitosan powder 1lg 4+ " +
16. Acid sugar powder 1lg ot ot ot
17. Egg white powder 1g 4+ t i
18. SPI(soy protein isolate) 1g - ++ +
19. gelatin 1g ot Tt —
20. HMP(high methoxy pectin) e+ ++ 4
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Table 29. Experimental design using fine laver powder

Treatment External characteristics
NO. adhesiveness bodiness shrinkage
21. Fine laver powder 2g 4+ + +

22. Fine laver powder 2g

SPI 1g +++ + +
23. Fine laver powder 2g
Egg white powder 2¢g I o o
24. Fine laver powder 2g
ES-9 05g +++ +++ +++
25. Fine laver powder 2g
sorhitol 2g I o o
26. Fine laver powder 2g
sorbitol 2g +++ +++ +++
ES-95 0.5¢
27. Fine laver powder 2g
HPMC 05g +++ ++ ++
28. Fine laver powder 2g - i et
gelatin 2g
29. Fine laver powder 2g
gelatin 2g +++ +++ +++
sorhitol 0.5g
30. Fine laver powder 2g
Pectin 1g, sorbitol 2g +t++ +++ +++

ES-95 0.5¢

" ++4++; good, ++; fair, +;bad
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Fig. 19. Process of dried laver with seasonings (anchovy, shrimp and

sesame)

(3) EPA 2 DHA &7} =0|d A=

o 7l's4d AA<l EPA® DHAE H7Iste] ZvdS A7 s 210

BN
=
oy

9w, =Y P AEY B9H 20 FHS A
FA ol oprel MYt gAHe] olF waRd & dE AR EF vES ob

o
o
o ol AEF A 25% o4 A7k An kel mAust gAsel H4 A7 25

1 0] (%)

Al B
A E A = A 1 FAH 1 gk
) =+ 70.0 30.0 - - 5.0
A 63.0 27.0 5.0 5.0 2.0
B 66.5 28.5 2.5 2.5 4.0
C 68.5 29.4 1.0 1.0 4.5
« ZA5 1 : DHA 27%, EPA 5%
« ZA5 I : DHA 22%, EPA 6%
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9ol A¥s wig o= DHAS EPA 7 2wl A3

ted Fa Age A3 Fig. 209 2eo] 373k A% 7F

Fig. 20. Changes of AV, POV and sensory score during storage of
seasoned laver with EPA and DHA
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Table 30. Physicochemical characteristics for wheat flower, laver powder

and laver paste

Hard Laver 2
Parameter , Laver paste
wheat flour powder
Protein, % 12.6 38.1 6.5
Moisture, % 135 44 86.8
Ash, % 0.47 15.1 2.6
TDF, % 0.22 30.25 26.02
Amino nitrogen, % - 0.1 0.8
pH - - 5.72
Color grade, L 79.5 40.90 37.78
Viscosity, pa - - 388.5
Farinograph analysis 6.0
Water absorption, %
Arrival time, min 2.5
Dough development time, min 4.0
Stability time, min 145
Elasticity, BU 120.0

Y baked in oven

2 treated with flavozyme

¥ not determined



 sourdough A ol A
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H 9] St (Table 31).

Y

3|

raw laver powder blends

Fig 21. Internal crumb of breads with wheat—

2o,

A wheat flour control , B: 4% blend +SSL 0.5

C: 8% blend, D: 12% blend
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Table 31. Influence of enzyme treatment time on baking performence of

dough containing Laver paste

Enzyme .
Specific Hardness ot eres D) ) 3)
treatment Edibility Grain score
vol.(cc/g) (g)
(hrs)
0 2.95° 30.21° 3.30¢ 351¢
3 3.11° 32.86" 3.58° 3.62°
6 357 32.03% 3.94° 3.80"
9 3.95° 28.71° 4.40° 3.97%
12 4.01% 27.05° 4.38% 4.06%

Different letters in the same column are significantly different (p <0.05)
D Containing 8% baked laver powder
2 Sensory analysis (scored from 1 = very poor, to 5 =very good)

¥ The higher scores the higher acceptability of crumb grain

(Lh 2ol ®HR2], M= 33 Y eigfulol o2 A=y
WAE olsle] 3 Holdd F /154 ARE FRE BRE AL FrHE &
MRS B SRR Aste] AW AR J1%54 AF AN FAND Qe FA
olthKyung, JH. $). 7t 3 Holyfit Awel FAS AL ROIEE o] F
ugas] g Amel ARt AxFH, AR NP E 24T AW Hh A7

ZAe Hsk= A= 38kt Table 329F #©] straight, short time dough¥ =5 &

20 AS W F4do] 4 stgoy HAAHQD Ha A HAFE A straightH o] TaAt
273A1ZhET dS5= AT o= i Aol f el dnkAl A Edd (sosulski, FW. &),

9] starch-gluten & TZ7F ¥ Wk R oFsly] wiFo] 3} ¥E Al gluten
W P27 A7 od¥€a (Gan, Z. 5) A= bakingA oven spring®] #AE Ao Azt
"k SEMo.z A3 b5 wAg ol A E(Fig. 22) D7HFAl A A15(8%, w/w)7t
A7t A% glutene] AEPAE EF A st AEAASE gluten matrixe] Aol

WA koka Vo] wAsHA ¥ES & 5 Advk wEbA A AHIF A A= REAIRE
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Table 32. Effect of fermentation time on bread produced from dough

. . 3
containing laver paste

Intermediate Proofing
fermentation time
time(min) (min)

Volume Baking
(m¢/100g dough) performance

Straight dough

20 40 428 very good
30 30 415 still good
40 20 390 not good

Short time dough

10 40 405 good
20 30 330 still good
30 20 375 not good

* Containing 8% baked Laver powder

Fig. 22. Scanning electron micrographs of doughs

A: wheat flour, B: wheat flour - 8% raw laver powder, C: wheat flour 8% baked

laver powder, D: wheat flour-laver paste containing 8% baked laver powder
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g wbse BRYAdAE et 7 4 22 dAeS 12%w/w)7kA

ol EaA A dol2EE HIFE A 7k AL, Baeo] P AT (Table 33).

(ch s4MEHS A"Aol cjet Fgf

o] A Ae A 7 Aol 2EQR% T A et BA EA] 4t

A, AT, F3A TS BEFgHorg 831114 ascorbic acid, glucose oxidase,

CMC, HPMC, xanthan gum, K-carrageenan, alginate, SSLE o] &, #|wA 23S 433}

At} Ascorbic acid, KBO3(PB). glucose oxidase(GO):= ®WrE=ulo] 4F3}2 7] 5 (disulfide 2
&, w2 GA)el B, FHZol= st HUHA Bo 324 HUEE AFsta 9

). GO A4 7l e HAET vk FFe] GO H7be 288 Aol

=

(Vemulapalli,
F&akA B3k 0.00170.003%(w/w, flour basis)?} & ¥}7 o] ltH(Table 34).

T3 IFAHAFE Hulo|2Eo &&= 4% HPMCZF 7Hd vhgba ek AwAd S et

WA aL(Table 35), t}< CMC » xanthan gum ) alginate ) K-carrageenan <=°]%low 4

hardness™= HPMC, alginate 3 7H0.2%)Al 7F8 2F2 3& YEFN A tH(Fig. 24). o] ¢}

e B¢ F3A SSLe BEFHCE gumt ok H7H05%)E B Folx sAdeeh w=E

GOSt HPMCE &8¢ 45 Aol gk dsaads Bo] FAv(Fig. 25).
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Fig. 23. Crumb characteristics of breads prepared from dough with laver paste

A: containing 4% baked laver powder,

C: containing 12% baked laver powder

Table 33. Rheofermentometer parameters of doughs using laver paste during

D

B: containing 8% baked laver powder

fermentation
V1 V2 R Hm T1 X
(
Doughs (m¢)  (m) (%) (mm) (min) rn.m Tx
/min)
wheat flour 10096 5716 5609 981  46.2 78 0.59 64
wheat flour 96%6-
5133 5049 984 250 158 0.16 76
baked Laver powder 4%
wheat flour 92%-
4446 4365 < 98.2 186 157 0.12 78
baked Laver powder 8%
wheat flour 96%6-
2 7236 7016 970 51.3 90 0.57 49
Laver paste A
wheat flour 92%-
3 6629 6490 979 421 93 0.45 49
Laver paste B
wheat flour 88%-
6519 6413 984 304 88 0.35 57

Laver paste c?

V" fermented for 3hrs ,

4
Laver powder, )

retention volume, R: retention coeff., T1: the time to reach the maximum curve height,

Tx: the time when the porosity of the dough develops, Hm: height of maximum dough

2)

containing 4% baked Laver powder,

development, X: the maximum gas flow
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Table 34. Optimization of the level of glucose oxidase for laver bread

qualityl)
Specifi Height/”
GO dosage becttie elg Crumb
vol. width . 3
(% fb) ) Grain®
(cr/g) ratio
0.000 3.54 0.78" underoxidized
0.001 3.90° 0.85° optimum oxidation
0.003 4.11° 0.96¢ optimum oxidation
0.005 3.37" 0.73% over oxidized
0.01 3.40° 0.75" over oxidized

b using laver paste containing 8% baked laver powder
2 height/weight ratio of the central slice

¥ the crumb grain of optimally oxidized bread has a large number of elongated
cells. In bread that is underoxidized, crumb grain has many small round cells.

An over oxidized crumb grain of bread has large round cells with thick cell walls.

Fig. 24. Increase of crumb hardness produced after 72h of storage at room

temperature.
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Table 35. The effect of hydrocolloids addition in laver bread quality

Dough Acceptable Bread Bread ]
gas . Height/
Doughs . sensory loaf moisture ] )
retention width ratio
(%) value vol. (% db)
Control” 96.8” 3.60 3.75 40.84 0.79
+xanthan gum 0.2% 96.5 3.71 3.94 41.59 0.94
+K-carrageenan 0.2% 94.4 3.54 3.78 41.33 0.80
+HPMC 0.29% 98.7 3.82 4.02 42.71 0.93
+CMC 0.2% 97.0 3.80 3.86 41.57 0.81
+Alginate 0.2% 98.2 3.75 3.80 40.92 0.84

Y wheat flour 92%-laver paste containing 8% baked laver powder

? mean value

Fig. 25. Interior view of wheat bread(A), wheat bread supplemented with
laver paste(B), wheat bread supplemented with laver paste-glucose
oxidase-HPMC(C) and wheat bread supplemented with laver

paste—glucose oxidase(D).
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(2}) YSHI=, sourdough HIEO| A A
®© dstt=e HEgd
H gUleA WE AAE o] &3 W
AL, AR A= Ax: Az £848% w5y HEH3 T oJHoR
F o=z dok 22y W AAY o] &2 dAEAd AW IR I fEA B
JAIZY, proofing AlZF ol Qe A, Aol AstH e T oAy A EAS L
At} ol EAlHS s|As7] 98 yeast cell?} protein networke] £AHS H 435k
W osls =013 =4 ARAe Z&e #d A7 F38H 2 JdHGiannou, V. F). 53]

Hk=so] wokwl =7) dl%s Z7do] F23 24<ld proof timed}
4

9%
=
L
=2
X,

r
>

S
rol
o
o
)
of
:?L_',

N

i

loaf volume ©EX o]&5¢ &S HE 3 A3 T 2% (round molded type)E.th 2 A}
ZAg ol ya B (rectangular slab type)ol WalE A wetom Wi Hoi= 30T
wele] TR 7oA sfFsts ol W F3rb A tH(Table 36). 3 W&o 9
3 de AAA AV 7 HHEE(Havet, M. 5) dAY o] B3 WL olo]
A7 A o2 HEEooF & Ao AZEHU & APA = 3m/secd] FVIEEE FA
& 7AH dEH(dE7IAg)o® A Ho]2ES =4 MEFEAE TS dE A A

i

S ZAFsF tHTable 37, Fig 26). AF3tAl, gum¥, F3A1S E3d oz olgd H9 u

EAA o Aol MAEES & 5 d=d HPMC(0.2%)9F SSL(0.5%), ascorbic acid(30ug

/g)9t SSL(05%)E &fet WesAA+= ds WAool 458 & + Atk 4 Ho|~EE 3
ek W5 AA = yeast food, FAIFE B PF 5= AHES A de W FEHS S N
2 o= yehec
@ Sourdough®| A|u=A
Ao & HaE A9 sourdough WS A9 1F IS A ARAFo| g
= ol o}y AL An7 27 Ha QEd, o)A #akwo] o WAE ALY oA E

Aol o]&f okzre] Alubyl HE3F EuE A E3Y hetero type?l L. brevis: utd CO, wF
e ZZA7]3, homo typeS! L. plantarum< W59 S48 57] wio]th(Wehrle, K.
)
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Table 36. Effect of freeze-thaw

conditions for frozen doughl)

Treatment Proof ‘timez Loaf vol.

(min) (me)

Rectangular type

Control” 50 + 3 980

Proof cabinet, 30C, 1lhr 60 £ 5 825

Room temp, 20T, lhr 90 £ 5 750

Refrizerator, 5C, 12hrs 100 £ 3 770

Refrizerator, 5C, 24hrs 90 £ 5 785

Molded type

Proof cabinet, 30, 1lhr 75 £ 5 797

Refrizerator, 5C, 12hrs 100 + 4 768

1) frozen and stored at -20C for 10 days,

before oven loading, 3) unfrozen dough

Fig. 26. Bread crumb quality made with frozen doughs using laver paste,

HPMC and SSL

A! containing 4% baked laver powder,

C: containing 12% baked laver powder.
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2) fermentation time after shaping but

B: containing 8% baked laver powder,



Table 37. Quality of bread prepared from thawed doughs

Final Loaf ) Sensory
] Baking Hardness
Storage time proof vol. overall
. D) performance (g)
(min) (m¢/100g flour) score
Without additives
0 (unfrozen) 47 525 Good 34 98.7
10day 63 437 not good 2.9 130.2
30ppm ascorbic acid
0 (unfrozen) 50 530 very good 35 80.5
10day 58 470 good 3.3 1114

30ppm ascorbic acid +0.5% SSL

0 (unfrozen) 50 566 very good 3.8 67.3
10day 53 496 good 3.7 99.6
0.2% HPMC

0 (unfrozen) 50 537 very good 36 715
10day 55 469 good 35 103.7

0.2% HPMC +0.5% SSL
0 (unfrozen) 45 554 good 3.6 65.4
10day 50 474 good 3.6 96.0

Y In proof cabinet, after 1h thawing at proof cabinet(30C)

B Ao A A Z3F wheat brew? EAL Table 38% o] Wi Ajzto] AE4E pH7}
23kal 20413 A% pH 4.0 ]9l Algks Xy Akt =7}
AulA 0 2 wheat brew? WA &S UI7FFE FAY 20%(LEE 10%)Y uwf 7] 54 9]

e Aeow nasgo} 4 Mo AE(TE A B 8% FME Bl BT Are

Ui

ox ol -ﬁz

“+ handling property ¢} W2 QL Aol FHobsilty. v 2 A 4% F-E
7 pastes brews} sl "WIFFl H7EE A5 W] Fd 540 dETek FoHd A

]7} H/\M]:]'(Table 39)

—
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Table 38. Fermentative characteristics of lactic acid bacteria on the wheat brew”

Fermentation Viale cell counts
' pH TTA
time(hr) (cfu/g)
0 5.91 0.73 10°%17.8
6 3.86 2.16 10"x15.0
18 3.59 3.40 10°x26.0
24 3.59 350 10°x4.7

U wheat flow 100g, glucose 3g, L. brevis 0.05g, L. plantarum 0.05g, D.W. 100m¢
2 MRS plate count

Table 39. The effect of sourdough preparations on baking results

" 5) 6 Loaf Crumb
Doughs pH V1 R
vol (cc/g) pore
very
wheat flour 100% 570 5760 97.8 4.09
good
wheat flour 96%
5.68 5550 95.6 4.10 average
+ baked laver powder 4%
wheat flour 96%
D 5.65 6012 975 4.15 good
+laver paste A
wheat flour 90% very
2 5.12 5843 98.4 4.11
+ wheat brew good

wheat flour 86%
+ baked laver powder 4% 5.20 5765 94.3 3.89 good

+ wheat brew

wheat flour 86%
+laver paste A 5.21 5847 96.0 3.92 good

+ wheat brew

wheat flour 82%
+laver paste BY 5.14 5685 89.7 3.47 fair

+ wheat brew

D 2)

containing 10% wheat flour, ¥ containing 8% baked
9 yetention coeff.

containing 4% baked laver powder,
laver powder, Y after 3hrs fermentation,  total Cos volume,
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(OF) PorphyranZ2 7|8t A#o| ZASAM
& 1 2 o]AfZE soy, oat, pea, apple, barley, rice oA F

ZH Aol fry bran Fo] F83g AH(katina, K.) <ld H< thAlvk(Han, KH )4 A

i
=
=

(Kweon, BM. %)% s1ZFE Aol 2843 7% Rusa 9l

= ATolAE oA F=3 83 71eA Aol +¢ porphyrans 3 7bsko] Al

A

e ZAeFA Y Porphyrang X 7bsle] AlwS Alxsk 23 173% A +2olu 7 Ho]x
EE U7 giAg AR dudes dud JHE Fasty Aoldf AFHE S
sty 2Ela AEel A, Fm, 22 Fol "I 100% AFH zol7b iAW 3%

o} Aol =3t tH(Table 40, Fig. 27). Porphyran

[e))

porphyran A& 49 4% tET
A7V F(A5%)S 7M1 2 7 $-9l+= handling property 2t BeAdS FAA717] A8 A=
olvf B4 MEFAE AL
2ZA TR AxFAY HEAS 74 - Baste] AWAdS F4AE 7 e A

o7 ddHAT

e

ol ¥]&l fermentation tolance’} porphyrans & 7}gko

®
H
fuj
EN

Table 40. Bread making properties of doughs from wheat and different levels of

porphyran blends

h f 1)
rheofermentometer data Loaf Hard sensory

Doughs Vi R Hm TI (Xm/ rx Vol -ness bread
m

(m¢) (%) (mm) (min) _ _ (min) (cc/g) (g)  score
min

wheat flour 100% 5570 972 435 80 054 65 398 402 4.25

wheat flour 99%

+porphyran 1% 5000 951 390 129 030 67 414 395 4.01
o

wheat flour 98%

+porphyran 2% 5681 979 471 177 027 72 407 384 4.23
o

wheat flour 97%

+porphyran 3% 5521 983 481 124 039 82 420 373 4.30
o

Y see footnote table 7
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Fig. 27. External characteristics and crumb of breads added with porphyran.
control : wheat flour 1009, A : wheat flour 99% +porphyran 1%,
B : wheat flour 98% +porphyran 2%, C : wheat flour 97% +porphyran 3%

(ih) 2 BA=Zo SESY

S T A 2, A do2ERE HIbshH,
(Table 41, 42, 43). &, 7 #Ho|~E

Alelstar ARkAl AMAdo]l Fokar AFAHLS ek Fo A (p <0.05)20 zkel7F gl
Aol oA e F8&EE Folal vgstetr] f1siA = flour basis® AR&d= A o] 9]
o M |2 iz wFy cakeF ( Fig. 289 roll cake), & " (steamed bread)d =3
A (filling agent)= AF&E = & Aoz HAuty )

|
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Table 41. Bread making quality of wheat breads supplemented with baked laver
powder and porphyran.

Quality Laver paste porphyran
i Control D 2
properties bread bread
Dough developmentg)
Hm(mm) 43.8 41.2 48.1
T1(min) 69 93 180
Vol. loss(%) 29.0 36.2 0
Gas behaviour”
Tx(min) 64 69 82
T'1(min) 78 139 124
gas retention(%) 98.1 98.1 98.3
Loaf characteristics
oven spring 0.43 0.40 0.49
specific vol.(cm/g) 412 4.07 4.23
water holding capacity 0.51 0.57 0.60
Color
L 79.08 33.65 78.59
a -2.74 -0.13 -2.07
b 15.05 20.60 19.09
Chemical properties
Aw 0.87 0.91 0.92
pH 5.92 5.82 6.01
moisture 38.4 40.2 415
protein 10.1 11.2 10.0
ash 1.1 2.2 14
fat 2.4 2.7 25
carbohydrate 48.0 43.7 44.6
Sensory traits”
color 5.2 45 5.1
appearance 5.2 47 5.0
crumb texture 4.7 4.4 4.9
flavor 4.8 45 4.8
overall acceptability 4.8 44 4.8
Mechanical texture” 183.33 160.54 137.33
max. weiht(g) 67.40 65.31 60.46
hardness(g/cm’) 67.40 65.31 60.46
adhesiveness(g) -1 -0.33 -0.67
springness(%) 80.26 83.00 81.65
gumminess(g) 78.04 75.78 72.44

D containing 8% baked laver powder, 3% skimmilk powder, 2 containing 3% baked porphyran powder ,
¥ see footnote Table 7, » by not trained panel consisted of nine members after 3days storage at

room temp. point scale with 7=execellent, 4=acceptable; 1=poor, ¥ stored 3 days at room temp.
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Table 42. Formula for cake batters containing baked laver powder

Materials Cakes
(g) Sponge Rall Cheese
Soft flour 100 130 25
baked laver powder - 7 5
raw laver powder 5 - -
egg 200 320 -
egg yolk - - 100
egg white - - 100
sugar 100 160 30
salt 1 1 -
high sugar syrup - 10 -
milk 35 35 60
olive oil - 45 -
baking powder 1 1 -
butter 15 - 30
cream cheese - - 160
lemon - - 20
milk cream - - 35
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Fig. 28. Sponge cake (A), cheese cake (B) and roll cake (C) from cake batters

containing 5% baked laver powder.
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Table 43. Bread score sheet for laver cake by sensory test’

Sample score

Perfect
H laver
score control Cake2>
External (30) 24 23
volume 10 8 8
color of crust 10 3 8
character of crust 10 3 7
Internal (70) 59 57
grain 10 7 7
crumb color 10 9 8
flavor 20 17 15
mastication 15 13 14
texture 15 13 13
total score 100 83 80

Penalized for

volume (to small, too large)

crust (Not uniform, light, dark, thick, tough, hard)
grain (open coarse, non—uniform, thick cell walls)
crumb (gray, dark, dull, streaky)

flavor (strong, flat, salt, sour, unpleasant after taste)
mastication (rough, harsh, lumpy, core, crumbly)

Y sponge cake made with wheat flour 100%

2 sponge cake made with wheat flour 95% +laver powder 5%

(2) 771, AART A= L 5S4
T BAF F AW 4G FPo

Z2A flakyAd S 7F2 quick breade]tl. HE 7}F 9 HA o H| & o]

iy
o
kel
2
o
Lo
=
[>
h

% A A9e 27 3060%(w/wAE $iet gk ol FARE w
F AAYS weste] oe] FHES BEF BFRol} (Kim, HY §) 53 9942 33

37 A8l FAREAE, dFEOw, w3y 9 SAgTHS W)

7] WEs FEfASY AF1AES ST A2l BaA AAsForA T £7 9]

45 3°]= hardening agent® Z§3sfo] WAl gl 2AFFoR FI)9 AITEE E0

71% ghoh ey Abgete well wheh 'S HaEe o 28] AshAl(softener)® A
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gatn g wEuxesE AFEY BHAEANS mEste] HUbES ndaordch AW AR 9
| A HA7be] S5 w5 sAo] FEHYA L waA HPAEARE ST B
AdoAe A HAES HIATIHA, F7AFS 93 w59 24 dFS 74 ¥
" el Ad= F715 Axstaa stk =, #EH(30g/100g  flour)ot A3
(10g/100g flour)s FH A8t AEe dHES oligodo= At A FIE AZx3}
o3 A|FH7HE st th(Table 44, 45, 46, 47, 48).
Avbziow nl2AFe] HYg e Aol Foll whet oAl = ZHAsttt (Sudha, ML
) o5 & T wE g2 7 A EEoly A HAES Tt
Aol el vl F7kste] FIIAFN A FFS FAT 1 A Holx
=

g WrbRe] A AeE 1 E 12% FHS A ol ~EAA
} 3}

>

ol

==

handling property, <3 2 57 Ak

do
il
i)
N
)
ol

4 Fol2E ol Auglol dErb =2 "@Hd dAids JHHa, AAEE, 7 H 22
o] AF5AE A (Table 49)2 F14Q1 Aol7k gl om(Fig 29) flaked S T # &

o] L3l ar AFE 2T cysteineo] 98 flaked ¥ vz E 93-S vER L TH(Table

Table 44. Effect of sugar and fat levels on the spread ratio of cookies

prepare from wheat flour-laver blends”

Bakers % Control Laver cookies Dough quality

Sugar

10 6.53 6.24 firm

20 6.60 6.41 firm

30 6.81 6.60 soft

40 7.05 6.82 soft

50 7.22 7.19 extremely soft
Fat

20 6.28 5.83 soft

30 7.13 6.9 very soft

40 8.14 772 extremely soft

1)Contelining 8% raws laver powder
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Table 45. Quality of laver supplemented cookies

Baked laver

Laver paste

Cookies Control ] ]
powder cookies cookies
flour 100 88 88
laver powder 12 - -
laver pastel) - - 72
Dough butter 30 12 30
recipe sugar 10 30 10
fructoligo 10 10 10
(bakers, %) bakingpower 3 3 3
olive oil 3 3
cystein, ppm 50 50
water 10 10 -
Sensory scores
surface 4.2 4.0 3.8
crumb color 41 3.7 3.5
texture 4.0 4.0 39
taste 3.8 35 3.6
overall acceptance 40 3.7 35
Color
L 72.78 39.94 29.93
a 5.26 -3.93 2.41
b 36.20 23.38 13.97
Specific volume(cc/g) 1.75 1.87 2.04
Mechanical properties
max. w. 147 168 190
hardness(g/cn) 430 471 512
Chemical composition
Aw 0.257 0.203 0.158
moisture, % 54 4.8 44
ash, % 1.0 2.0 2.1
fat, % 20.1 20.0 20.2
protein, % 7.4 12.8 13.0
carbohydrate, % 66.1 60.4 60.3

1) containing 12% baked laver powder
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Table 46. Mean physical properties and top grain of cookies made from wheat

flour raw laver blends

levels of substitution (%)

Control 4 8 12 16
Weight before cooking(g) 176 188 195 206 212
Weight after cooking(g) 127 135 143 150 156
Cookie moisture(%) 5.4 55 5.9 6.1 6.3
Diameter(mm) 4.90 4.82 4.60 4.38 4.48
Thickness(mm) 0.75 0.75 0.73 0.70 0.65
Specific vol.(cc/g) 1.81 2.04 1.99 1.90 1.67
Top grain 55 55 5.0 4.7 4.0

*scores baked on scale of 1-6 (6=high, 1=low)

Table 47. Mean physical properties and top grain of cookies made from

wheat flour—baked laver blends

levels of substitution (%)

0 4 8 12 16
Weight before cooking(g) 176 184 195 206 216
Weight after cooking(g) 127 135 144 149 155
Cookie moisture(%) 5.4 5.7 5.93 6.09 6.21
Diameter(mm) 4.90 4.75 4.73 4.53 448
Thickness(mm) 0.75 0.72 0.62 0.68 0.63
Specific vol.(cc/g) 1.81 2.0 1.89 1.88 0.87
Top grain 5.3 51 5.0 5.0 4.3
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Table 48. Mean physical properties and top grain of cookies made from wheat

flour-laver paste

levels of substitution (%)

0 4 8 12
Weight before cooking(g) 176 194 207 231
Weight after cooking(g) 127 133 140 132
Cookie moisture(%) 5.4 4.4 4.5 4.3
Diameter(mm) 4.90 4.92 4.67 447
Thickness(mm) 0.75 0.67 0.70 0.55
Specific vol.(cc/g) 1.81 2.29 2.25 212
Top grain 5.3 5.0 5.0 4.8

Table 49. Mean scores with acceptability of cookies”

Storage period(days)
Initial 10 20 30
Control 4.1+0.21 4.0+0.11 3.9+0.28 3.9+0.09

Cookies

Raw laver powder cookies 4.0+£0.15 3.9+0.13 3.7+£0.30 3.6+£0.12

Baked laver powder cookies 4.0£2.0 4.0+0.16 3.8+0.24 3.7£0.22

Laver paste cookies 3.8+0.18 3.9+0.14 3.8+£0.17 3.8£0.43
V" Stored in polyethylene bag at room temp.

? The rating were on a b5-point scale, ranging from 5 (very like) to 1

(very diskike)
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Table 50. Sensory characteristics of cookies as affected by additives

Sensory value

Additive
Surface Color Texture
Control” 3.9 34° 3.7
PB 10ppm” 3.7 3.0° 3.3°
AA 20ppm” 3.9 3.6° 3.7°
Azodicarbonamide 5ppm 3.8 35" 3.4°
Cystein 50ppm 4.3 3.5® 4.2

D containing 12% baked laver powder without additives scores baked on scale of 1-5

(5=high, 1=low), 2 potasium bromate, ¥ ascorbic acid

gk 71 #H7F senbeiE Table 519 A o2 A x3sAH( Fig. 30).

Table 51. Formulas for senbei making

laver senbei

Materials commer(':ial

senbel I I m
soft flour 100 100 90 90
baked laver powder - - 10 10
sugar 100 30 30 30
butter - 10 10 10
egg 100 - 100 -
milk - 100 - 100
bakingpowder 0.6 0.7
maltodextrin - - 5) 5
salt - 1
vanilla 0.01 - - -
oil - 1 1 1
water 48-50 - - -
almond powder (nuts) 5 - - -
blowing agent 05 - - -
cal” 400 310 350 295
TDF, % 0.4 0.4 2.9 3.0

Y Atwater fccter is adapted
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Fig. 29. Cookies containing (A) 0%, (B) 4%, (C)8%, (D) 12% and (E) 16% laver
powder: (Toprow) raw laver powder; (second row) baked laver powder;

(bottom) laver paste containing baked laver powder (A) 6%, (B) 12%

Fig. 30. Senbei products made with baked laver powder 5%

_97_



Aol AME, A, F28, de] o] &bk Ho, 7laAFeolt A2 I, 3}
A= T $A At 3 Aor olg RF Ik A'(60770%)H 7R ddHe 1

st FH o AnARES Ao 7|s A Fel e

B oo ZAA 59 chemicalsS A&

AA AFAAQ A ol &ste] HAAFE A XAC AARS xR0l wEl 2H
3

Stefol| whe}l fondant(Z4A A

W Ade] @] zzte] ATE AMAGE BEAot B Aol AP TRl

(71) Atg

A mujehu] = Table 529F 2o FH%F bpet F=(brix)ol we} EAo] vty F7+
o A7tFE EFS A AR Adsrrt wston, Aey 249 S aelste] oligo
s

FE 45 tAske] Az A th(Fig. 31).

Table 52. fomulas for crystalline candies

. Sugar Baked laver powder candies

materials Candy | 1 1 v
Sugar 100 100 100 50 50
High sugar syrup 100 100
Maltoligo 50 100 100
Sorbitol 50 50 50
Maltodextrin 20 20 20
bakingpowder 05 05 05
flavoring agent 0.01
Lavor powder 10 10 20 10
Water 50 50 100 50
Roated soy flour 10
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Fig. 31. Candy products made with baked laver powder (A)

and baked laver powder - soy flour blend (B)
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Table 53. Proposed formula for caramel samples

Ingredients R II I v
High sugar syrup 50 100 100 -
Sucrose 100 20 20 20
Oligo syrup - - - 100
Sorbitol - 100 100 100
Milk(or skim milk powder) 150(30) 200 200 200
Butter 10 10 10 10
Laver powder - 10 15 10
water 50(100) 50 50 50
Soy flour - - - 10
Final end point (C) 118 118 115 113
3= Brix® 388 43 40 40

D typical formula in the market

Fig. 32. Caramel products IV
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(ch) A2[H=

g 93k wigdv S A A4S tH(Table 54. Fig. 33,

Table 55. Formula for the manufacturing jelly

Ingredients Jelly sample

() A B C D B
Sugar 60 30 30 30 30
High sugar syrup 100 50 - - -
Oligosyrup - - 50 50 30
Pectin - 3 - - -
Agar 2.5 - 2 3 3
Gua gum - - 1 - 1
Glucomannan - - - 1 -
Baked laver powder - 10 10 10 10
Water 180 250 250 250 250
Modified starch (PA"1) - - - 1 1
flavoring agent 0.01 0.01 - - -
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Fig. 33. Jelly products containing soy sauce (A) and aspartame (B)

Preperation Add Continuoosly boil &
Agar —> | Boil |—> — > stir to 104C and
Sucrose .
Solution add fluid syrup
Stir

l

Add laver powder &

Jelly <« cooting, - Cook until <« | chemicals (sweetner
. . . b
products cutting & desired brix
drying starch)

Fig. 34. Preparation scheme for jelly products

A A Ee] tell Mo A ZAH SR = AE L] Fa3 24dd o= A

2 FoHoz HHAAAT 7] dFEeltt. Hdsta A (Max.weight)©= tollAe] &=,
S o] B2 (Stickiness), @94 59 A3 (chewiness)d el #A ol Ut} AsHA|



2+ pectin, gelatin Rt} A A Fo] 53 gua gum, gellan gum, glucomannan, ¥H3
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Table 55. Organoleptic acceptability & mechanical texture of formulated jelly

Parameter A B C D E
Sensorial
color 4.0 4.1 3.3 3.2 3.0
flavor 4.0 3.8 3.9 3.2 3.4
hardness
chewiness 3.8 3.3 3.7 3.8 4.0
overall 4.1 3.2 4.0 3.9 3.9
acceptance 4.0 3.3 3.7 3.8 3.9
Mechanical
Max. W. 215 180 196 210 204
hardness (g) 380.12 312.43 375.70 392.67 390.53
adhesiveness (g) 27.38 20.07 25.14 24.63 24.30
springness (%) 856.33 74.41 79.89 80.85 83.02
cohesiveness (%) 68.66 62.44 64.50 63.27 65.08

Score 5 denotes most acceptable and scorel, least acceptable
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Table 56. General quality of jelly products

Commercial laver jelly (E)

jelly 1" I”
pH 59 6.1 3.8
color (L) 67.72 22.50 26.27
sweetness (brix®) 65 40 40
moisture 22.01 24.35 23.85
sensory value
stickiness 3.7 3.9 4.0
chewiness 4.2 4.0 3.8
overall 4.0 4.1 4.0
mechanical value
hardness (g) 380.43 387.29 390.28
adhesiveness (g) 27.00 25.75 26.38
springness (%) 87.14 85.04 84.31
cohesiveness (%) 66.51 66.27 65.56
Nutrition value
protein (%) - 4.0 3.8
TDF (%) - 3.0 3.0

D containing sousauceZ0g & mirim bg

2 containing aspartame 0.01g, citric acid 0.78 and allspice powder 1g

Table 57. Quality characteristics of laver jellys during storage at room temp"

storage time (day)

0 10 20 30
pH 6.1 6.0 6.1 6.2
color (L) 23.50 23.55 23.49 23.07
sweetness (brix °) 40 41 40 40
moisture 24.35 24.10 22.64 23.85
sensorial
stickness 3.9 4.0 4.0 3.7
chewiness 4.0 41 3.8 3.7
overall 4.1 4.0 3.8 3.8
mechanical
hardness (g) 387.29 395.89 400.45 400.31
adhesiveness (g) 25.75 25.90 24.86 25.10
springness (%) 85.04 86.30 88.14 83.63
cohesiveness (%) 66.27 65.02 65.12 64.67

1 ..
" containing soy sauce
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Table 58. Jam and spread quality

Spread
Products Jam peanut  chocolate
spread spread
sugar 30 sugar 10 10
) baked laver
maltoligo 50 10 10
powder
pectin 1 peanut butter 15 -
baked laver
20 butter - 10
powder
water 200 Dark chocolate - 20
formulated
recipe (g) citric acid 0.5 water 100 100
aspartame 0.1 condensed milk 20 20
M. starch .
(PA"1) 1 oligo syrup 20 20
celery seed 0.3 salt 0.3 0.3
all spice 0.3 pectin 0.5 0.5
malto dextrin 5 5
aspartame 0.1 0.1
pH 4.0 59 5.7
moisture 31.5 275 28.2
Color
L 35.78 39.13 32.40
a -0.79 -4.55 -1.29
b 8.51 7.80 9.62
sweetness(brix®) 44 39 41
final heating temp.
103 97 98

(©)
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al
density)+ ZASIRE £ t}o]oJE 2ol T3t semi-liquid typed HHF+= 9429 =
=

feeding) S 913 baseZ%= A sttt & HFPdAE= AANHEY] H& 5 55E 7H cereal
based gruel Aol &4 @S &3t stATE FRFe YA ATl w9 solid
o Byl gepABR 7t Age] YAAVIE 100meshz 3 ste] A&t =874 <
A FEE BAE 98 A, wddE 2 3RS Hrbste] AR S tH(Table 59, 60,
61, 62).

Table 59. Basic composition and increment of laver gruel

Ingredients (g) laver gruel Increment
flour” 90 90
laver powder 10 10
water 600 +300
milk 350 £200
salt 3.2 3.2
sucrose 20 20

1) used wheat, rice, millet, oat, corn, potato, yam flour
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Table 60. Effect of accifives on the physical stability and preference in gruel

Treatment physical stability"” preferencel)

Hydrocolloids, %

O.l + + + +
HPMC 0.2 T T
0.3 " B
0.1 " ’
CMC 0.2 T T
0.3 ++ + +
Modified starch, %
PA++ 1 1 ++ + ++ +
Pine soft-T 1 T o
Glutinous 1 T i
2 + + + +
Maltodextrin 3 . A
5 ++ + ++ +

Y g00d("*"), moderate(*"), poor(")

Table 61. Quality attributes of gruel and western soup

Gruel” Soupg)
I I I I il

color

L 50.92 49.94 46.70 54.33 42.85
a 1.33 1.23 1.08 0.75 1.26
b 7.63 6.66 7.02 6.48 7.42
Spreadability, cm 4.03 4.67 4.93 5.11 4.60
Viscosity, pas4) 9.30 8.55 7.40 8.43 9.05
Solid, % 9.71 10.31 10.02 9.52 10.14
Acceptance” 3.6 3.9 4.0 3.8 3.5

v prepared with rice flour 80g / lavor powderlbg / water 700g / milk 300g / sucrose 1bg /
salt 2.5g(1), oat flour 80g / lavor power 15g / water 700g /milk 300g / sucrose 15g / salt
2.5¢(II) and yam flour 50g / laver powder 10g / water 500g / milk 300g / sucrose 12g /

salt 2g (I).
2 prepared with wheat flour 40g / laver powder 10g / butter 30g / chicken
stock soln. 700g / salt 2g (1), wheat flour 40g / laver powder 15g / butter 30g /

chicken stock soln. 800g / salt 2g (1I).
P score point with 5 = very good ; 1=poor

H spindle No. 4 speed 200 rpm, at 30T
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Table 62. Quality of gruel during storage at 5V

storage periods (days)

0 10 20 30
pH 6.40 6.40 6.35 6.32
Color(L) 50.92 50.44 50.55 50.30
Solid, % 9.71 9.68 9.70 9.70
Visosity, Pas 9.30 9.11 9.10 8.76
Water loss, % 0 - - -
Acceptance ¥ 3.6 3.6 3.5 3.5

Y with rice gruel

? measured at 30C

Y score point with 5=very good; 1= poor

FolAE A Aol AGM TGS o g3l JvH LR AxET At

HEg 243

T,

o &E 2A2A F 49S AEs7] 98 AT porpyran § 9
H(Fig. 36). A& &% 500(1/s)ell Al 2%, 1%, 05% &he Z2r7] Ax7t 247k 185, 6.7,

35mPa.sZ 1%°lstol M= &85 A=A 7k Aol ¢ds & F At

Sgo wEguE 712 S8 #HA TS Table 629 Zo] AA ST vt o 7=
0.2micro filter= o #3gom =2 ZF 85T 1A 7F sl & Wzhste] 2 WH3 =

HeAer HES A3 6714 7 F2 ds gl
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Fig. 36 Viscosity of deproteined porphyran solutions at 25T

Table 628. Formula for the preparation of porphyran beverage

%

Material

Porphyarn 1.0
Fibersol-2 1.0
maltodextrin 2.0
Sugar 2.9

Citric acid 0.025
Vitamine-C 0.1
Flavour-1 0.1
Acidity 0.11
pH 3.7
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Table 1. The normal and high fat diet composition of experimental rats

(%)

N HF HF-P HF-H
Casein 20 20 20 20
DL-Methionine 0.3 0.3 0.3 0.3
Sucrose 50 41.8 41.8 41.8
Corn starch 15 15 15 15
Mineral mix? 3.5 3.5 3.5 3.5
Vitamin mix" 1 1 1 1
Choline bitatrate 0.2 0.2 0.2 0.2
Corn oil 5 - - -
Cellulose 5 5) - -
Cholesterol 1 1 1
Sodium cholate - 0.25 0.25 0.25
Lard - 12 12 12
Porphyran - - 5 -
Hemicellulose - - - 5}
Energy
(kcal/100g of diet) 586 416 416 416

YAIN Vitamin mixture(g/kg mix) : Vitamin A acetate(500000IU/g) 1.8, Vitamin D
(850000IU/g) 0.125, DL-alpha—-tocopherol acetate 22, ascorbic acid 45, inositol 5, choline
chloride 75, menadione 2.25, Aminobenzoic acid 5, niacin 4.25, riboflavin 1, pyrydoxine
hydrochloride 1, Thiamine hydrochloride 1, calcium pantothenate 3, biotin 0.02, folic acid
0.09, vitamin B

?AIN-76 Mineral mix(g/kg mix) : CaHPO, 500, NaCl 74, K citrate monohydrate 220,
KoSO4 52, MgO 24, Mn carbohydrate 3.5, Fe cit1960(495rate 6.0, Zn carbonate 106, Cu
carbonate 0.3 KIO3 0.01, Na:SeOs + 5H20 0.01, CrK(SOy)s - 12H-0 0.55, sucrose 118

N ; normal control, HF ; high fat control, HF-P ; high fat porphyran, HF-H ; high fat

hemicellulose
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(4) 894 o g

o] Fd, 54 A& (Fletch,1968), % =¥ 2H = (Allain,1974), HDL-Zd 2~ H &
(Warnick's,1982), GOT, GPT+= coRbAIeke] kit= FAstAen, 8 ZdzdHE
(Richmond,1973), 2] A "WAHShimazu,1979)& E AW M-S o] 83 WakoAl kit Al kS

ol-&ste] Sttt E3 EHHE dF AH FAE o]&sto] diHE FHHE(FE

M
A

i
12

i

A E-72 ZFd2HE), HDL-ZY2HE/FZd 2852 W& (HDL-cholesterol/total
cholesterol ratio, HTR), LDL-Z3 2 H &/HDL-Z ¥ 2= H &9 H| &
(LDL-cholesterol/HDL-choles terol ratio, LHR) % &% 73} *]4=(atherogenic index[(Z
il ~dHE-HDL-Zd &8 &/HDL-Zd &~ H &), AllE A4 tH(Haglung 5,1991). LDL-
Z ¥ 2= E &S Friedewald® &2 o] &3t a3t

(6) SAANZ
B Ao dojzl Ayte] EA A e SAS computer program(A W7 ,1992)S o] &
st A dlE Hdd RFAE Fekda, 74 AT E Y FYAdE glstr] flske

ANOVAe] 93] p<0.05 =594 Ducan’s multiple range testE 3Jslo] A&+ Aol
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A 552 557829 Sprague-Dawley Al =5 48vl8] & (F) LB AEZREH Fgrbo}

AFSE steel cageoll 1vhE]¥ ARSEG om, # ALSE 1Y ALRE 1FYUIE dH] A}

=]

157939 dH] Abs 7)3Hset A3 Aole g H ARE AFAANAY & 24P 4
St b o2 YUrdrh. &, AW )2+ (High Fat control, HFC), #A'©®¥ porphyran*
(Porphyran 1), ##F=F 109+ ©]4F9l porphyran+ (Porphyran II), ®AF=F 107+ ©]3}<]
porphyran<*( Porphyran III) hemicellulosev (Hemicellulose) &2 YAtk 2 23 7|7k
ARE3E Aol g3t o] A ZETE. =, American Institiute Nutrition(AIN)2] 2] o] A
(Report of AIN,1977)& WIAA AW x2S SFF7]5 dAl #HA7IES 10% A
St 1, S 2~HE 1%, sodium cholate 0.25%%1 2ol&2 A3 AT AT HAoA F==
3l porphyran, #At% 109+ o]&te} #x=F 109+ o)A+l porphyrin, hemicelluloseS 5%
cellulose WAl 3%% Zg3la 2%% celluloseE 2ol T3t Aol TAAHELS
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(4) &Y MFE &3
gl A FAH A F Fd2dHE, F8 FH2HE, F8 AWAH HDL-Z3 2
HZ LDL-Z¥2HE, GOT, GPTE &4 HAHS o] &3 A% dHEA 7| (HITACHI Co,

Japan)E o]-&3to]l ST 3 FHH dF A" FAE ol &sto] diHE EH
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Table 2. The high fat diet composition of the experimental rats

(%)

HFC Porphyran I PorphyranIl Porphyranlll Hemicelluose
Casein 20 20 20 20 20
DL—-Methionine 0.3 0.3 0.3 0.3 0.3
Sucrose 43.75 43.75 43.8 43.8 43.8
Corn starch 15 15 15 15 15
Mineral mix” 35 35 3.5 35 3.5
Vitamin mix" 1 1 1 1 1
tholine. 0.2 0.2 0.2 0.2 0.2
Cellulose 5 2 2 2 2
Cholesterol 1 1 1 1 1
Sodium 0.25 0.25 0.25 0.25 0.25
Lard 10 10 10 10 10
Porphyran - 3 - - -
(free protein)
Porphyran - - 3 - -
(MW >100,000)
Porphyran - - - 3 -
(MW <100,000)
Hemicellulose - - - - 3

YAIN Vitamin mixture(g/kg mix) : Vitamin A acetate(500000IU/g) 1.8, Vitamin D
(850000IU/¢g) 0.125, DL-alpha-tocopherol acetate 22, ascorbic acid 45, inositol 5,
choline chloride 75, menadione 2.25, Aminobenzoic acid 5, niacin 4.25, riboflavin 1,
pyvrydoxine hydrochloride 1, Thiamine hydrochloride 1, calcium pantothenate 3, biotin
0.02, folic acid 0.09, vitamin Bio

?AIN-76 Mineral mix(g/kg mix) : CaHPOs 500, NaCl 74, K citrate monohydrate 220,
K2:SO4 52, MgO 24, Mn carbohydrate 3.5, Fe cit1960(495rate 6.0, Zn carbonate 106, Cu
carbonate 0.3 KIO3; 0.01, Na:SeOs - 5H20 0.01, CrK(SOy)s - 12H20 0.55, sucrose 118

HFC ; High Fat control, Porphyran 1 ; free protein porphyran, Porphyran I ;
porphyran(MW>100,000), Porphyran m ; porphyran(MW <100,000),

Hemicellulose(hemicellulose)
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=, HTR3¥ LHR % AIE A1tsk 3l vh(Haglungs,1991).
(5) zt&a A He| ¥4 53
g 2w AR S Y 1A E A7 HeA FE23 V158 249 F
HE A &% HrPdAe 593 dhgow digoen, @EA BAe g4F Wy
(Mashiges,1981)9] kit A 2F(Wako, Japan)< o] &3le] &34 J=A2 =AHs 3t
(6) SAH A=
Ao dojzxl Aol A 7= SAS computer program(A W] 7d,1992)S o]
s T, 4 AddE e FodS gkl #st
o4 Ducan’s multiple range testZ 3ato] A&+ Alo] 9
Asstgow, 7 dAeE9e #HAAL Pearson’s
EAA TS HS, FAEATh

-
A e 9 F )

&3}
o] ANOVAS®l 93} p<0.05
Bate] zpolo] wigh A
correlation analysisE a3}o] A3
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Table 3. Feed intake, weight gain and FER of the experimental rats

) Feed intake Body weight gain H
Groups No. of animal FER
(g/day) (g/day)
N 8 22.36+1.00 7.50+0.44 0.34+0.02
HF 8 24.45+1.92 8.01+0.31 0.34+0.01
HF-P 8 23.30£2.22 8.31+0.36 0.37+0.02
HF-H 8 20.90£0.83 8.16+0.23 0.39+0.01

Values are Mean+SE

UFeed efficiency ratio : Weight gain(g/day) divided by feed intake(g/day)

N ; normal control, HF ; high fat control, HF-P ; high fat porphyran, HF-H ; high fat
hemicellulose

(2) dES=e 7[5
5

S R A TR ) g o) i 2
50%, 55% freldem Frbstaint. At wge] FA= A dxzad Haste] BE A
Aol A oAl Aol7F gtk ATl tigh &7 FA MEE&S e de A o
Za3 WA AW ) 2o, A B -porphyrany®, 1A ¥ -hemicelluloses ol 4] 2] 4 &
= Ssr7tstslew, nAY el vl A= AW -porphyran ol A ol A o ®
stttk Azol ek A v WMEES A v FACA e o] AL E T

of fre] &<l AFol7k At
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Table 4. Organ weight and cecal content of the experimental rats

Groups Liver Kidney Spleen
(g)

N 16.38+0.61" 2.84+0.09 0.73+0.03

HF 27.98+151 2.88+0.12 0.85+0.06

HF-P 24.53+1.44" 2.97+0.10 0.89+0.06

HF-H 25.49+1.11° 2.82+0.07 0.90+0.13

(% of body weight)

N 4.58+0.14 0.79£0.01 0.20+0.01
HF 7.54+0.36° 0.78+0.02 0.23+0.02
HF-P 6.53+0.39" 0.79£0.02 0.23+0.01
HF-H 6.81£0.21™ 0.76+0.02 0.24+0.03

Values are Mean+SE

Values within the same column with different alphabets are significantly
different(p<0.05) among the groups by Duncan’s multiple range test

N ; normal control, HF ; high fat control, HF-P ; high fat porphyran, HF-H ; high fat

hemicellulose

H1

(3) &= 60T, GPT Y ST =
%5 GOT, GPT % ¥9 ¥%+ Table 58 2t 5 GOT vxv B4 dxod
Hal3be] AW 273 AW -hemicellulose ol A= Fold oz Frtstd o, uxw
-porphyrant< 942 Zol7t glv o2 YeErst AW i3 vlas|A s 11X
W-porphyranwto] e Aas Hu. oldd A= GPT wXolA: FASHA ey
. 89 Tt AW -porphyranoll A 7 ©e A S ¥ a1l 312 W -hemicelluloset

N = AFL ngou AFTE 19 f4 ol gt Ao tehgrh

- 117 -



Table 5. The level of GOT, GPT and glucose in the plasma of the experimental

rats
Groups GOT GPT Glucose
Iu/ ¢) Iu/¢) (mg/d0)
N 30.8+1.4° 9.3+0.6 192.9+11.2
HF 48.6+7.0° 16.1+1.6" 203.6+13.1
HF-P 44.5+75% 12.5+1.3% 178.8+6.70
HF-H 49.9£9.9 154+2.9 208.5+9.80

Values are mean+SE

Values within the same column with different alphabets are significantly
different(p<0.05) among groups by Duncan’s multiple range test

N ; normal control, HF ; high fat control, HF-P ; high fat porphyran, HF-H ; high fat
hemicellulose

-porphyrant®, iAW -hemicellulose™E Alolol= f2ol A2l o7t gldle
w3 ¥ A] A -porphyranwtoll A B AEES Bt dF f8 A v=e A

Pars el FoH1 2ol 7k gl ey s -hemicellulosew o] %2 3 &S HT

Table 6. The levels of triglyceride and free fatty acid in plasma of experimental

rats
Group Triglyceride Free fatty acid
(mg/de) (uEq/D
N 126.0+7.1° 0.85+0.05
HF 66.7+4.5" 0.7540.03
HF-P 60.8+3.0° 0.76+0.05
HF-H 69.8+5.1° 0.68+0.06

Values are mean=SE

Values within the same column with different alphabets are significantly
different(p<0.05) among groups by Duncan's multiple range test

N ; normal control, HF ; high fat control, HF-P ; high fat porphyran, HF-H ; high
fat hemicellulose
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5 F FY2HE, o2HE FYAUE 2 fY FY2HEY HEE Table 7
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Hlalsl A 20%9] FrelAQl #HAaTE SEAY. daHE EZYUsHE s AF AW
-porphyrani < A4 23 ARG FEO R A Fo ARl Aolrt fidlew, nAW gx
a3 A% -hemicellulosew > A Zw 3 HlLs|A FolAow =4 Ueyth %5
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Table 7. The levels of total cholesterol, esterified cholesterol and free cholesterol

in the plasma of the experimental rats

(mg/de)
Group Total cholesterol Esterified cholesterol Free cholesterol
N 92.4+6.5" 716459 20.9+0.9
HF 153.3+16.4° 125.0£9.6" 28.4+4.2
HF-P 123.2+20.1° 97.9+155% 25.3+5.1
HF-H 160.5+29.1° 135.1+22.6 34.4+6.7

Values are mean+SE
Values within the same column with different alphabets are significantly

different(p<0.05) among groups by Duncan’s multiple range test
N ; normal control, HF ; high fat control, HF-P ; high fat porphyran, HF-H ; high fat

hemicellulose

(6) €% LDL-Ed2H S, HDL-EA2H S =X 9 HTR, LHRZ} Al
% LDL-Zu 2827 HDL-Zd 282 %% % HTR, LHR¥ AIE Table 8%
Zt 8% LDL-ZFH2HE 5 AA gxdo] AdaE oA FHow 7 vk

= =&
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Table & The levels of LDL-cholesterol, HDL-cholesterol, HDL-cholsterol/total
cholesterol ratio(HITR), LDL-cholesterol/HDL-cholesterol ratio(LHR) and

Al in the plasma of the experimental rats

b HDL
Group LDL cholesterol cholesterol HTR LHR N
(mg/dl)
(mg/dl)
N AT 4677 19.9+0.9% 0.22+0.02 0.49+0.08? 3.7+0.4
HF 130.6+16.7° 9.4+1.2 0.07+0.01° 0.08+0.02" 18.6+4.5"
HF-P 103.8+20.1° 9.3+0.9" 0.08+0.02" 0.09+0.02" 14.3+2.6
HF-H 125.6+29.8™ 10.0+1.3 0.07+0.01° 0.10+0.02° 14.3+4.0°

Values are meantSE

Vaules within the same column with different alphabets are significantly
different(p<0.05) among high fat buckwheat groups by Duncan’s multiple range test
YLDL cholesterol was calculated by the method of Friedewald formula.

2)Atherogenic index : (total cholesterol -~ HDL-cholesterol) / HDL-cholesterol

N ; normal control, HF ; high fat control, HF-P ; high fat porphyran, HF-H ; high fat

hemicellulose

(7) ztolMe & X|&l, & Ed2HE U M X & SF
HlMe] & Ad F ZdadHE 2 TA AE S Table 99 2tk & A2
stake A4 dxao] AT E ToA FoHez 7 vty X AT E oA

= A H-hemicellulose©] AW o 23} X W-porphyrany-ol] H|3}e] FolH oz =
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Table 9. The level of total lipid, total cholesterol and TG in the liver of the
experimental rats

(wet weight)

Group Total lipid cholesterol TG
(%) (mg/g) (mg/g)
N 5.24+0.17° 1.38+0.13° 6.6+1.06"
HF 21.92+1.11° 15.43+0.92° 15.0+2.1°
HF-P 21.86+1.34" 12.95+0.52" 12.8+0.6°
HF-H 24.48+0.60° 14.54+0.60° 13.1+0.7"

Values are mean+*SE

Values within the same column with different alphabets are significantly
different(p<0.05) among groups by Duncan’s multiple range test

N ; normal control, HF ; high fat control, HF-P ; high fat porphyran, HF-H ; high fat

hemicellulose
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Table 10. The fecal dry weights and total lipid in the feces of the experimental

rats
Group Dry weight Total lipid
(g/day) (%, dry wt) (g/day, dry wt)
N 1.41+0.12 9.36+0.70" 0.14+0.02"
HF 1.58+0.08 12.39+0.47" 0.20£0.01%
HF-P 1.68+0.19 12.85+0.45™ 0.22+0.03"
HF-H 1.37£0.08 14.37+0.84° 0.20+0.02*

Values are mean+*SE

Values within the same column with different alphabets are significantly
different(p<0.05) among groups by Duncan’s multiple range test

N ; normal control, HF ; high fat control, HF-P ; high fat porphyran, HF-H ; high fat

hemicellulose

F4F A #FS Table 113 2t}
WHol Aol & F2HE A F(mg/g)S AW x4 vl uldte] A ¥ -porphyrany 3}
a1 A HF-hemicellulose©] Z}7Z} 26%, 13% -2l3tAl @tom x| H-porphyran-2] 7 -5
A W -hemicellulosex ol Hl|A = FoJ3tA BE FFoldtt. dd wjd HF(mg/day)S 1L
AW -porphyran-¢] A3 E o] FoHo=z @Etow x| giFxat3 vlaste] 39%
frolstA B ot Ws 54 vld F(umol/g)> LA of

W-porphyran< ¥ 1A ¥ -hemicellulosew©] Zt7} 14%, 9% FelahA wskom, 4o a4
oz B AW hFRay ¥ uste] 1A W-porphyranito] 22% oAl Be =50
At o]y g AxE Arjmandi 59 E.a1(1992)0 A 9F Zo] nIFH AHE 2olE AHHs=

A9 w8 HelURote el 584 HolWRl % MF THAL M4 %ol wol, At
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Table 11. The total cholesterol and total bile acid in the feces of the
experimental rats
Grou Total cholesterol Total bile acid
P (mg/g) (mg/day) (umol/g) (umol/day)

N 3.06+0.15° 4.47+0.61° 0.60+0.05" 0.87+0.13"
HF 25.78+0.86° 40.99+3.21° 4.62+0.20° 7.28+0.45"
HF-P 32.49+0.89° 57.12+6.95% 5.28+0.08° 8.87+0.15°
HF-H 29.26+1.64" 40.68+4.09° 5.02+0.06™ 6.88+0.20

Values are mean+SE

Values within the same column with different alphabets are significantly

different(p<0.05) among groups by Duncan’s multiple range test
N ; normal control, HF ; high fat control, HF-P ; high fat porphyran, HF-H ; high fat

hemicellulose
u. ZolA &2, sAlst 7|5y S29 ESdAHE MM s FIt
(1) AES=2 HE #sl, Ao] M3 U AIR 2

AFW3tE= Fig. 13 21, Ad%E9
8 38L& Table 129 #rt}.
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Mol we 33 wgor(Fig 1, 99 Bit Aol HAFE 24w vxel 213g0l9
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T

o1 Porphyran M 19.7go.2 A3 ¥H2 Fo4Q Aol& HolA LUt AlE §& &
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Fig. 1. The weight change of the rats during the experimental periods.

HFC ; High Fat control, Porphyran 1 ; deproteined porphyran, Porphyran I ;
porphyran (MW>100,000), Porphyran III ; porphyran(MW<100,000).
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Table 12. Feed intake, weight gain and FER of the experimental rats

Feed intake

Body weight gain

: i)
Groups No. of animal (a/day) (a/day) FER

HFC 8 21.25+0.88 5.78+0.38 0.27+0.01
Porphyran 1 8 21.11+0.87 5.35+0.31 0.25+0.01
Porphyran 1I 8 19.83£0.84 5.20£0.27 0.26£0.01
Porphyran I 8 19.74+1.05 4.97+0.18 0.25+0.02
Hemicellulose 8 20.88+1.27 5.50+0.12 0.27+0.01

Values are Mean+SE

UFeed efficiency ratio : Weight gain(g/day) devided by feed intake(g/day)
HFC ; High Fat -control,
porphyran (MW>100,000), Porphyran III ; porphyran(MW<100,000).

Porphyran 1 ; deproteined porphyran, Porphyran I ;

a
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Table 13. Organ and epidydimal fat pad weight of the experimental rats

Groups Liver Kidney Spleen Epidydimal fat
(g)
HFC 28.24+1.62" 3.14+0.18 1.20+0.13 4.23+0.79"
Porphyran 1 24.92+1.49" 2.85+0.11 1.36+0.12 3.25+0.56™
Porphyran II 23.63£0.94" 2.81+0.08 1.09+0.11 2.68+0.30
Porphyran I 25.48+0.99" 2.85%0.11 1.02+0.06 2.39+0.23"
Hemicellulose 26.69+0.91%" 3.10+0.12 1.25+0.12 3.73£0.26™
(%6 of body weight)
HFC 7.08+0.14" 0.79+0.03 0.30£0.03 1.03+0.15%
Porphyran 1 6.52+0.26"" 0.75+0.02 0.36+0.03 0.84+0.12"
Porphyran 1I 6.30+0.17" 0.75%0.02 0.29£0.03 0.70+0.06"
Porphyran I 6.97+0.24" 0.78+0.02 0.28+0.02 0.65+0.06"
Hemicellulose 6.89+0.23" 0.80+0.03 0.32+0.03 0.96+0.06™"

Values are Mean+SE

Values within the same column with different alphabets are significantly
different(p<0.05) among the groups by Duncan’s multiple range test

HFC ; High Fat control, Porphyran 1 ; deproteined porphyran, Porphyran I ;
porphyran (MW>100,000), Porphyran I ; porphyran(MW<100,000).

(3) 8% GOT, GPT X 8T =

dZF GOT, GPT ¥ ¥4 X+ Table 149149 2t @5 GOT w=& 1A
Wty vl BE AddolA oAl Aol §lAIRE Porphyran 1
Hemicellulose °] tha =& A3FS Bgon d%F GPT SEoAE AdT 7he] £ 4

QA AolE wolA @orh WY FEL BE AFTEAA fo49 Aol E wolx o

o
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Table 14. The level of GOT, GPT and glucose in the plasma of the

experimental rats

Groups GOT GPT Glucose

(IU/2) U/ 2) (mg/d0)
HFC 93.0+10.6" 54.846.3 224.6+8.8
Porphyran I 14854127 99.6+19.1 200.8+7.8
Porphyran II 102.4+19.7°" 71.4£18.3 204.66.5
Porphyran I 130.6+38.3* 94.9+43.5 204.4+7.8
Hemicellulose 149.4+31.9° 78.0£15.6 213.9+8.8

Values are mean+*SE

Values within the same column with different alphabets are significantly
different(p<0.05) among groups by Duncan’s multiple range test

HFC ; High Fat control, Porphyran I ; deproteined porphyran, Porphyran I ;
porphyran (MW>100,000), Porphyran III ; porphyran(MW<100,000).

1) €8 FXAd, 34 AE 4 e AL S

= [= ks
4T TA4, T8AE B FHALAe] 5= Table 150149 2okt dF & A&
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ol A bz 32%, 22%, 18% #AdheE AEE How, e A WAk e ATt
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Table 15. The levels of total lipid, triglyceride and free fatty acid in the plasma

of the experimental rats

(mg/de)
Group Total lipid Triglyceride Free fatty acid
HFC 482.0+255" 52.4+4.5" 885.4+68.6
Porphyran I 4411505 59.9+10.9" 855.1£91.7
Porphyran I 472.9+65.9°" 41.1£10.7 800.4+82.9
Porphyran III 570.0+118.7* 35.7+5.0" 736.0+59.3
Hemicellulose 554.9+61.8% 42.9+6.8 821.3+95.9

Values are mean+SE

Values within the same column with different alphabets are significantly
different(p<0.05) among groups by Duncan’s multiple range test

HFC ; High Fat control, Porphyran 1 ; deproteined porphyran, Porphyran I ;
porphyran (MW >100,000), Porphyran I ; porphyran(MW<100,000).

6) 85 & Ed2HE, o£HZ EY2HE & 7el EJ2HE s
25 & ZUzHE, daHE FH2HE R fd =ZALHES $xE= Table 163 2

A 23% A AES B om, Hemicellulosew™s  Uha

Porphyran O +*-& H]Z:3F &S Porphyran M+ =& 23S Ugudth o2z &

ddHE3 fe FeUzHEE & FE S0 A % nrbA|
%!

2 AW gx+t v wske]
TS WA

flo

e Aga FolA Porphyran I wto] 7HE v
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Table 16. The levels of total cholestarol, esterified cholesterol and free

cholesterol 1in the plasma of the experimental rats

(mg/de)
Group Total cholesterol Esterified cholesterol Free cholesterol
HFC 246.8+20.5" 211.0£18.6™ 358+ 2.2%
Porphyran I 190.8£15.1° 161.4£13.2 29.4+ 2.2"
Porphyran I 244.0£29.5% 208.8+25.0™" 35.3+ 467
Porphyran I 300.3+56.7 251.1£46.0° 49.1+10.9%
Hemicellulose 231.4+30.0°" 197.4+26.3" 34.0+ 3.87

Values are mean+tSE

Values within the same column with different alphabets are significantly different
(p<0.05) among groups by Duncan’s multiple range test

HFC ; High Fat control, Porphyran 1 ; deproteined porphyran, Porphyran I ;

porphyran (MW>100,000), Porphyran I ; porphyran(MW<100,000),

Hemicellulose(hemicellulose)
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Table 17. The levels of LDL-cholesterol and HDL-cholesterol in the plasma,
HDL-cholsterol/total cholesterol ratio(HTR), LDL-cholesterol/ HDL-

cholesterol ratio(LHR) and Al of the experimental rats

HDL

Group LDL(;h(;l;S;terOl cholesterol HTR LHR ATV
& (mg/dl)

HFC 53.6+3.7% 32.1+15° 0.14+0.01 1.91+0.18" 7.6+0.8
Porphyran 1 46.8+3.4° 23.3+15° 0.13+0.02 2.12+0.27% 75+1.0
Porphyran II 60.5+9.0™ 21.5+25° 0.10+0.02 3.24+0.74™ 9.8+1.8
Porphyran I 70.4+13.1° 21.9+2.3° 0.09+0.02 3.97+1.37° 95+1.3
Hemicellulose 57.3+6.3" 23.0+2.0° 0.11£0.02 2.63+0.35" 9.4+1.4

Values are meantSE

Vaules within the same column with different alphabets are significantly
different(p<0.05) among high fat buckwheat groups by Duncan’s multiple range test
Yatherogenic index : (total cholesterol — HDL-cholesterol) / HDL-cholesterol

HFC ; High Fat control, Porphyran I ; deproteined porphyran, Porphyran I ;
porphyran (MW >100,000), Porphyran I ; porphyran(MW<100,000).

(7) ztollAe] & X|&, & S 2HE U =4 X & &
oA el & A4, T ZHlzdE R T4 AE FFE Table 183 2k & A4
T AT E o KA AolE HolA Fokoen F ZiHE RS AW o
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Table 18. The level of total lipid, total cholesterol and TG in the liver of the
experimental rats

(wet weight)

Group Total lipid cholesterol TG
(%) (mg/g) (mg/g)
HFC 23.49+0.96 17.09+0.82° 15.16+1.01%"
Porphyran I 22.80+1.38 16.03+1.11° 14.23+0.71"
Porphyran II 24.03+0.70 17.99+1.91° 12.68+0.74°
Porphyran I 22.78+0.89 10.10+0.87" 13.01+0.53°
Hemicellulose 22.09+0.86 11.63+1.36" 16.69+0.83"

Values are mean+*SE

Values within the same column with different alphabets are significantly
different(p<0.05) among groups by Duncan’s multiple range test

HFC ; High Fat control, Porphyran I ; deproteined porphyran, Porphyran I ;
porphyran (MW >100,000), Porphyran m ; porphyran(MW <100,000),

Hemicellulose(hemicellulose)
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Table 19. The fecal dry weights and total lipid in the feces of the experimental

rats

Group Dry weight Total lipid

(g/day) (%, dry wt) (g/day, dry wt)
HFC 2.18+0.12° 13.1520.60" 0.24+0.02°
Porphyran I 2.06£0.11%" 11.80+0.55™ 0.26+0.02"
Porphyran II 1.23+0.14° 10.21+0.46° 0.13+0.02"
Porphyran III 0.94+0.10° 15.66+1.19° 0.15+0.02"
Hemicellulose 1.76+0.09" 17.24+0.83" 0.30+0.02°

Values are mean+tSE

Values within the same column with different alphabets are significantly
different(p<0.05) among groups by Duncan’s multiple range test

HFC ; High Fat control, Porphyran 1 ; deproteined porphyran, Porphyran IO ;
porphyran (MW >100,000), Porphyran I ; porphyran(MW<100,000).
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Tabl 20. The total cholesterol and TG in the feces of the experimental rats

(dry weight)

Grou Total cholesterol TG
b (mg/g) (mg/day) (mg/g) (mg/day)
HFC 19.98+0.77¢ 44.13+3.95 17.59+4.42°¢ 35.87+6.32¢
Porphyran
1 26.23+0.92° 54.21+3.72° 29.50+3.40" 60.10+7.23"
Porphyran b b b
- 26.84+0.87 32.47+2.86 29.90+2.61 36.41+4.85°
Porphyran b b
- 30.07+0.88° 28.39+3.14 24.97+0.52" 23.82+4.65°
Hemicellulos .
29.64+0.80% 51.78+3.53% 50.28+3.29% 89.71+7.77%

e

Values are mean+SE

Values within the same column with different alphabets are significantly
different(p<0.05) among groups by Duncan’s multiple range test

HFC ; High Fat control, Porphyran 1 ; deproteined porphyran, Porphyran I ;
porphyran (MW >100,000), Porphyran I ; porphyran(MW<100,000).
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Table 21. The total bile acid in the feces of the experimental rats

(dry weight)

Total bile acid
Group

(umol/g) (umol/day)
HFC 5.30+0.27° 11.1+1.1°
Porphyran I 6.58+0.39¢ 18.7+1.3%
Porphyran @I 5.52+0.55° 7.2+1.5°
Porphyran I 8.31+1.01 8.0+1.4%
Hemicellulose 11.39+0.54" 20.6%1.6"

Values are mean+*SE

Values within the same column with different alphabets are significantly
different(p<0.05) among groups by Duncan’s multiple range test

HFC ; High Fat control, Porphyran I ; deproteined porphyran, Porphyran I ;
porphyran (MW>100,000), Porphyran III ; porphyran(MW<100,000).
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