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Quality Characteristics and Dietary Effects
of Hamburger Buns Added Polymannuronate

on the Lipid Metabolism in Rats

Ihn-Seon Joh

Department of Food and Life Science, Graduate school,

Pukyong National University

Abstract

Alginic acid, a kind of dietary fiber, is not slaked, has no value as
nutrient and decreases the body’s utilization ratio of nutrients, but it
is known to prevent obesity, hyperlipemia, arteriosclerosis,
constipation, and colon cancer and so on. Especially, in cases of low
molecularizing alginic acid, polymannuronate, it was more effective
on serum and liver lipid metabolism improvement, such as
cholesterol decline in high cholesterol groups. Previously we have
shown that polymannuronate has a lipid decrease effect and
preventive role in colon cancer. As well, polymannuronate treated
adipocytes were inhibited differentiation, triggered a decreased leptin
expression. This study was conducted to increase the pleasure of
dietary life and to improve nutritional quality. To improve the
quality of hamburger buns, it has to add polymannuronate, an
excellent physiology activity material which has the high blood
control function in seaweeds. In this research, wheat flour in a

standard hamburger buns formulation was partially replaced with



polymannuronate at levels of 5%, 10% and 15%. Also we added
gluten at levels of 0%, 3% and 6% to help expansion of dough and
specific loaf volume of bread. When hamburger buns was fermented,
pH value was increased as the contents of polymannuronate and
gluten do. The appearance of hamburger buns showed the size
difference by increasing polymannuronate and gluten contents. The
crumb lightness of hamburger buns was decreased by increasing
polymannuronate. Texture characteristics, such as hardness,
gumminess, chewiness were decreased by adding polymannuronate.
The result of sensory evaluation for hamburger buns showed that
polymannuronate 5% group containing gluten 6% was the most
excellent, but polymannuronate 109 group containing gluten 6% was
not significantly different from polymannuronate 5% group containing
gluten 6%.

Twenty male SD rats was divided mto 2 groups. Control group
was fed M’s hamburgers, and experimental group was fed
hamburgers which substituted for polymannuronate 109 containing
gluten 6% buns. The triglyceride and phospholipid level in the serum
of rats has increased in the control diet group, total cholesterol
reduced in the polymannuronate diet group and the content of the
free cholesterol level have a tendency such as total cholesterol level.
GOT activity of the serum was no different in two group. This
study demonstrated that polymannuronate has beneficial effects on

lipid metabolism and usefulness from a commercial point of view.
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1. A=

DIRE I

Koo 3o] ALg-¥ polymannuronate(M.W. 40kDa)= (F) KBP(% 7] %,
Hel 22 HE A gtol Aol ARSEAE A A AMREH Ane
MR 15T 7Y WARGHEAD, A AL ol AEE JenicolF

o

L AEe § A, WE = New Zealand
Butter Compound, Alh2 Ad3Y Hab 4 T35 LA v7bete
oA lete] ARgEh FEAF AHE¥E FAHE kite WAKO
(WAKO, Japan), A13}st (AlF3}st Korea) Al &S AH8-31%1 2.0, Leptin
RIA Kit (Linco Research, USA)¥ Lincod&S A3t
Amyloglucosidaset= Sigma (Sigma Chemical Co., USA)A| & & A}&3}

dom, 1 o9le] f718msh e wkAere SiAleke ALgatyl

2. AUy

1) Polymannuronate 37} AW A% A=

polymannuronate ¥ 7}  d#w AW 2wk straight dough
method) 2.2 HEAT BAZE g viFg& m]o] 71 & (Baker's
%, WEE 9], 1999)& 71Fo2 &om Table 1o YERHAL A=
FAL Figure 1o} Yebidoh =22 L7 100% = A28k 2L
N3 e UIEFol] polymannuronateE 5%, 10%, 15% % 7Hgt -3 o
el &4 FFEE 0%, 3%, 6% H7ES vom PRl 5§ A9
U A g FUg Joz Absiddvh. WMEHE A 4 ARE

dough mixer(A A1 A #} 2| 7| Alg-JAb o] @ HEHo= FAzl
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Dough mixing

l

Ist fermentation (32 + 1T, 75% R/H, 90 min)

|

Dividing of dough (55 g) 1

l

Bench time (15 min, in room temperature, 27T) |

l

Molding and Panning

|

Proof (35 + 1T, 80% R/H, 60 min)

l

Baking (195/150 + 2T, 10 min)

|

Cooling (60 min, in room temperature)

Fig. 1. Manufacturing process of bread by straight dough
method



2) Polymannuronate 37} 3w A%l F3

Fop
b
=3
o

(1) Polymannuronate 37} dough?] 2t

g5 0] dougholl A 10 g2 HF 3 $ 2§ x%o] folates ©

7FEE B2 3 100 ml mass cylinderel %ol 12 @&zt #y 250
<

- dough 1S A3 skl cylinderd] wid @l

E3e ol 1A%E £28 B wFEo By A% P@ste] wEo
2 Zgsn, Badd Wol 147 08B LEAN F TAS
=4 5ot

(3) Polymannuronate 37} dough?] pH %

oy Aol wbES 9nd AF 12 VIS doughet 22 WEIF
doughel A} Z}7F 10 g& Akl 20Tl A WEA A 2443k A
Y 3 284 50 mlet 7 homogenizer= 3,000 rpmoll A 5&7F oA
3tsted 1 &£¥92 pH meter (accumet model 15, Fisher Scientific,

UsSA)= FAstaich

(4) 7% Ny 2 FASA

F7F B A A-E Ao A 1A Bk Was & FAE FA
s, el Ryl FA4E ol &3 TAAHoE FAIA oj2F
B] a7 whe] vl 84 (specific loaf volume(cn/g))S 23 & WHEAZ

o AT
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(5) ANABY ) £A% 54

AU B gAel §] £ wEel BY ¥ wEe 3
g ZHala, QRolA e TE 1Akl AE Fol HE dviAY
Fe 24T G ohedle ¥42 ol §sto] ANt

5 418(% (12 g 59 ‘3}??%} 5]0‘1]%9 = A1)x100
L/ A — - S

Al A

A

6) NAAE o] &3 A 7¥2] NrFA

%57 color difference meter (JC 801, Color Techno System Co.,
Japan) & AF&-&te] Lak (B%), agk (AA%) 2 bt (FNR)E =
Ak o W EFEUWS L = 9373, a = 012, b = 011°] WA
calibration plate® AH&3tdch W F 24A17ko] Ayt 7wt

of 24L& A9 crumb RS sl AEL A8

o
olt
-

(7) Texture analyzerZ o] &3 A AR A7 =

sk & ARSte] 2440l A RS texture
analyzer(T1-AT2, SMS Co., UK)Z A}g3te] =A3A). Pretest
5.0mm/sec, distance 10%, triger 20g, probe 25.4mm DIA cylinder

Ei

aluminium® ZA 2 & compression testE 33 W& A sto] 1 H ot
e et Alge A Aol FAL 15 x 15 x 2 aid] AVE
et Ab&st A

@) AWM 24

FAujAAwe) Ak RRAe AOACH] weh Aastgrh. & FRe
dtdazy, AP gge  Adsshd, xumd 43

1 o
semimicro Kjeldahl A4 #=#H (ALAF 6.25), =AW soxhlet

A
N
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Weow Zqah Aolslfel dae Anddelia (AU A

of el# sl

©9) #3597}

Azs wel FAAbE AU E AN FUS B A 4
AW A 87H (A 35, oletd 52)E tYoR VBN
B7hE AAGAT FAEAANE Aol old FuE AFehA ke
WoAgel webd 1790 124 FolA 3wel A4 93 HEwo
2ol s 0t AuE g Azstgon A4, 3

=
277}, g, AwAQl VR Yo Z4 s

3) Polymannuronate 37} 3u] A ®o] A F o] n|x]= FF
1) AP FE A=
O AgHolo] =A

polymannuronate 7} W Aw 2ol9}l AlFeo] MAF W AE A
Aol sttt s FAAA Fold AFHAolE Aty st AT

fto

polymannuronated 7} 3 7] bunsZ A %23 3 MAle] A wh
polymannuronate %7} 3 A bunsz A, ¥H5t FAAFIAC
ol gk 71z ol= MAS #AuZE wdstA st $2A

F Abgstd Tt o4 7]el Mineral mixture, Vitamin mixture, Choline
chloride, Methionine2 Table 2014 A3 th2 Z§3te] 20T ®
sk
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Table 2. Formulation

of experimental diets

(g/kg)

Constituents

FHamburger powder
Polymannuronate . P.°
Mineral mixture
Vitamin mixture
Choline chloride

Methionine

Test animal group'

Control” Polyman
o0 0
0 950
35 35
10 10
2 2
3 3

' Test animal: Strain, Sparague Dawley age, 4 weeks: average body weight;

R0+5g; feeding period, 4 weeks by experimental diet after 5 days of basal diet.

* Codes of experimental diet. Control, fed the M’s hamburger diet; Polyman, fed

the hamburger diet containing the polymannuronate.

" 1. P. : Hamburger Powder.

- 13 -



A g o] AgAoli= 7] x2 o] polymannuronate ol=  -i-3ho]
AAEAY, FEAY e HELI(F)A BRe 454 ¥ Sparague
Dawleydl =F (A% 80 + 5g)& AR&stch 7k 10mbely B Fsle] <1
A2 AR Ao Ao WA, ARkAbs B A 59IZE £ A dH AL g Fol V)
Z2olst polymannuronates  §F3hic AolE  Holstdith Aol
20C WEmo wasg o Folaz] A 30837 Aed wxA e gk
Ul AbS 2 B AR VIZE Fo] Holi= A AlFe 15%E welstii

B0 2fidollad Libitum) AAANZ oM, A&7 Foll= AT

F

g AGAO] A - Fol AT e A SE@HT), R
(50+10%) 3 @123k, 0800~1800 F/12 29)& 943 =ds

AEFE Hele dPAS HE Lo 1523 S dAAZ Fofl &
Fate] AP, 2 A ss de T
22 (3,000 rpm, 15 min, 4C)3te] A3 AL AL (-70C)° B #3}
WA Aol AbgstHeh el -, A v, AR, 2 R, 8
4o dxg HEsld Aedsz AL 0 A AFEA
W 7HgE FAL A AL Yol FE5FAAN § AP AHEE ujrt

2l 70T Basiiyg, BHe AgEa d 797 metabolic cage= %

229242, 229282 HDL-# LDL-Fd~eHE #4232

2 x4 e GOT, GPTe AN ® T 3 H2rn#F9 AR
g g EAsddg. R EE HExRA 1 gs FHAste] v

- 14 -



%, hexan : isopropanol =9 (31, v/v)o. & A AL FZ31 N, gas
7 2 s=3 A B2+ chloroform : methanol =9 (2:1, v/v)

1 mioll &s)ste] B48 Alaw AFESS T

@®© 24 F9 F/AE 2 AXH

g3 Fo FAARY wrxi FEAE 7 10 wE FAdd
TRYGLYZYME-V “Eiken” kit (41%8}st, Korea)®& 4] Enzymatic
Howg olxde k= FEAHE ZF 10 e 3H3lo] Phospholipid
C-test kit (Wako, Japan)& ARS3le] =7 2 Aldjo]= - DAOSH 0. &

HES AL A E e (Ultrospec 2001 pro, Amersham Phamacia

biotech, England)2 Z}7} A3
@ 84 9 tFxA Fo FIFY2HEHN wEFUHHE
A M xA Fo| FEY2HEN RS 2HES FEAR 7}

10 2 #Astel 5 2 ~dEF =48 CHOLESTE ZYME-V “Eiken”
kit(A %38t Korea)E M A4 Enzymatic CODH 0.8, 8 Zd &L
Free cholesterol C-test kit (Wako, Japan)E A}8-3sle] ZoAdHE =
Alglol = - HlmHog REAlAH  E3d2 A (Ultrospec 2001  pro,

Amersham Phamacia biotech, England)® 7}2z} 24319l

® ¥4 59 HDL- 2 LDL Zd2H=

83 Fo HDL FH2™HEe T FEAI5 ZH 100 e FHslo
HDL-C555 kit (Al%3}st  Korea)Z AME3t  phosphotungstic
acid Mg++ @l3d - %7F A FAHAUeR wEgAAH FFFEA
(Ultrospec 2001 pro, Amersham Phamacia biotech, England)® 743}
Ao, LDL-Fd 28 & Agodesdta (SCL #4& =3}
A}
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@ 44y T 99

Enzymatic glucose oxidase?} peroxidase# ol uhel Alx® d9d57
€ GL ZYME “Eiken” kit (21%43}8}, Korea)s AH83to] &332

(Ultrospec 2001 pro, Amersham Phamacia biotech, England)® 500
nmell 4 %4 sk,

® A Fo] GOT ¥ GPTe A
Reitman-Frankel®] Fwel o}t Alx¥  Glutamic  oxaloacetic

transaminase(GOT) @ Glutamic pyruvic transaminase(GPT) 8434

O

€ A transaminase =74 kit(A %38 Korea)& AM83to] E33 5w
Al (Ultrospec 2001 pro, Amersham Phamacia biotech, England)Z 505

nmol 4 %7 5},

@
HE
£
ofN
lo
X
I
Mo
A

W AlE F 05 g8 F3H9) chloroform : methanol (3:1, v/v) 15 mé

2 AL FE5 T oA H5ele] Ny gasw £0E Z2A2 F

NS Iml E7Fse] A
3] g2 & FZ2UAHE EAE AER @3y U3 P or

o
=3

1 ¢ & chloroform : methanol (2:1, v/v) &§<

T Fol T EEAke] e A7) 98 b3y ol AFEA
t} (Crowell and MacDonald; 1980). 5, whzfigh 0.2 go Wl 4%
KOH/glycerol 1 m¢-& ZE7bste]l 2087 121 ColM FEE A3 20%
NaCl& #7}ate] etherz 23] FZetAdvh #E3F JAbel HCI 1.2 me&

d7rste] b st 7 %

o

—_
!
&
>
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(5:1, v/v) =3Fol | meol] ok olAS & Al test kit (Wako,

Japan)& o] 838t & Aav o FHAsv

@ ¥ Fo F HolAn AP
e oFe F 0 Aol FEHE ACACH S oFr W dEtd
Enzymatic Gravimetric method= A&ttt #¥ A& F 05 g&
#3ke] chloroform : methanol (3:1, v/v) 15 M2 A HA& F53 F o
N2 e *P/\}Oﬂ STHT 10 mtE H7hske 95T water batholl Al 15
k23t 5 55T water bathell Al 15% WZAIZ ) o 7)o 250 ub<]
amyloglucosidase (Sigma)& 7}ale] 55C oA 1A 7F 304, 95CalA 30
w B¢k water bathA 7FE3d 3 A3sk oo 250 w2

—_—

amyloglucosidaseE o] 55Tl A 1A17F 30% 7F=3tdeh 171 oh&,
Ao A A7+ W3] T alcohol} acetoneo & EFEFol MALE 34
sta sk gdeks gk , 5257 3l st2el 4A7F 3l A A 3]
S FERY F BW 9 3 A R #dEY AE B F9
F HoldFaz At
©® dA 9] leptin ¥4
@ ¥ F9 leptin radicimmunoassay (RIA)Z4

Hdxy Fowg RHulg leptin® FEE =AHstuza TIZ o] &3

LEPTIN RIA KIT(Linco Research, Inc, USA)E FA3tAtt (Ma et
al., 1996). &R tubeol 0.05% Triton X-100, 0.08% sodium azide,
0.025M EDTA, 1% BSA7} 3% pH 749 0.05 M phosphosaline
(assay buffer) &< 100 w= 3 3to] standard, control, 28] 3 2z} ¥
2 Fge 8-S 100w @At Kit el ¥3HE Rat Leptin
Antibody & Zt7F 100 w4 W& th, & EFste] Aol A 2447 b

S Al AT, 2 wrgolo] PI-Rat Leptin Tracer® 100 wf W& & & &
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¢roto] Aol A oA} 24A13F WES AT 24417 ol precipitating
Reagent 1 me# FH7bste] 2 &35k & 4T 20073 W Askdvhz 9
Matgl (3000rpm, 30min, 4C)sklth AE A S A AF tubeE gamma
counter(Wallac 1470 wizard, Amersham Pharmacia Biotech, England)
ol A 13 (FASE radio activity® F A3 00 ng/ml o2 LERS]

.

b dA Z9 leptin western blot

H4d F9 leptin western blot> &3 1uE FHsod HFwm7})
3xLaemmi sample buffer®} 0.IM DDT7} 5 &% 3]|Aste] dA7]d% A
Z 2 AREETE 125% polyacrylamide geloll loadingAl# 2] %l vl 2

< Immobilon P membrane (Millipore, pore size; 0.1 m, USA)S &

a}O

27k olwl ®FE BAES rainbow high molecular marker
(Amersham)& AF&3&fch Falg W aAe Syper Signal West Pico
Chemiluminescent Substrate (PIERCE, Biotechnology, Inc.,, USA)& o]
&3ate]l  leptin M AHE RIS 1% BSAE  Fréh
1xTBS-T (Tns-buffered saline; 20 mM Tris-base, 137 mM NaCl, 1
M HChHelAM 1A17F blockingdt thg, TBS-T (Tris-buffered saline
containing 0.1%6 Tween 20; 20 mM Tris base, 137 mM NaCl, 1 M
HCI, 0.1% Tween 20, pH 76)% 1087t Al 33ttt A2 3 membrane
o leptin 12 &3A (Anti-leptin polyclonal rabbit IgG, Santa Cruz
Biotechnology Inc., USA)E TBS-To| 1:1,0000. % 3|43l A2 2
AIZE RESATH Y. TBS-T2 15%7F 29 Al 33 $ peroxidase labelled
anti rabbit antibodies 22 &3 (1:1,00008 A}838te] el A 143+ 30
= Nke A, 22 A2 wEEAlZ] membrane TBS T® 15837 2
M A28k Super Signal West Pico Stable Peroxide Solution®}
Super Signal West Pico Luminol/Enhancer Solutiong A}&3t4

- 18 -



KODAK X ray #&o] 7FdA A X ray &S d4ste] lepting

protein expression o WMEZ g1 v

|
1

ri

HAE - 3304 wbES)

454

ouw AFAI: SPSS  (Statistical
Package for Social Sciences, SPSS Inc., Chicago. IL, USA) 3L 718
S o] &3t Ay, FAEA HF A EFHA (mean + SD)E
vrebi 9l o ANOVA Test® Duncan’s multiple range test® A &3¢
o] Fo)de HFskdh
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LA

1. Polymannuronate 37} i 7o) F454
1) Dough®] ¥&iso] &

W% dough 10 g8 mass cylinderel] %o 12 W& 7F £ 4 %9
RulE ZA43 Ayl Table 33 #2rh wade] 10 g& @& dlxdte
Buzh wrg % 37 ml ¢ Aol B8} polymannuronate # 7}eko] Fvpdl
TE 12 A Folv= Fadtdd oy thAmt 7bFE A H7ER

S u WFxol7t 7HAFvE Kwon et al (2003)9] 49k A X354

)

o g HagRuE FUMATI HF AFEe] HI ST =gl 28 ¢
ootk w3 Byl pH7F F7Rshol ubel ZdAdte AES YEhdle
d], polymannuronate®] #7kul&o] F7tstHA pH7E dEste] 7h2

dejo] e Aow AnHh
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Table 3. Dough volumn changes in experimental

hamburger buns

. . Before After N
Samples . ) Difference
fermentation(g) fermentation(ml)

Control 10 37 27
Phos GO% 10 36 26
P10% G0% 10 31 21
P15% G0% 10 27 17
P5% G3% 10 36 26
P10% G3% 10 32 22
P15% (3% 10 30 20
P>% G6% 10 37 27
P10% 6% 10 C 34 24
P15% (6% 10 33 23

" Refer to the footnote of Table 1.
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o] Mg EANEE Hav|d Wyl de] wkEEty AW §9] Aol
2 AFESEFI Y (Table 4). 100% 7FFuE AF&SE ) 2ol A= 0.5%2
£42 el ou polymannuronate®l d7HHI &8 F7HAIFI S

sf 5%, 10%, 15% oAl zZ+zh 0.47%, 0.43%, 0.42%5% g $=24 8o
(= RS kel s R L =
7}stod polymannuronate 5% 3 7Fehd & wl, 3% 9 6% FF oA Zp2t

0.519%, 0.54% & vHER AT

_lm
o

Frhepel wheh BEREAE EF I F

Table 4. Effect of expennmental hamburger buns dough on

the fermentation loss rate

(%)
Samples‘ Fermentation loss rate
7 Control 7 050
P526G0% 0.47
P10%G0% 0.43
P15%6G0% 0.42
P5%G3% 0.51
P10%G3% 0.49
P15%6G3% 0.50
P5%G6% 0.54
P10%G6% 0.53
P156%6G6% 0.49

" Refer to the footnote of Table 1.
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3) Dough®] pH =

Table 53= ¥ 7FFoll polymannuronates 7+zb 5 10, 15% % % 7fstar
gk BAdIFRE 0, 3, 6%F Hrtste] wbEE ¢k ) 13 waRg
dough®t 22} ¥F& 3t dougholl A 7H7} pHE A3 Ayjojr), HA 4o
woRbE AL Wubs 2 g Ented pHF stk S Wi
of W& polymannuronate9t &4 FFEl Hrhako] Frpst4 S pH7E
dashi: 4%S vepAdnh e dA Aoz vk 2}
a7 Eue u pH7F #HASd ol dough wEel Wy A

A folel AAsel b AdAoE Asa Aol (WES 9

-

i
k)
r

Al H ko] A (Aol 2 AA 1980)0 A = WrEE s E o)

dge T oaclem olxeel I A, B FHS FE AMsn

0

N7 53] wkEe] pHE WeFs baumgae woba A, pH 40
ofatoll iz 2.8l Mol Al ek WEi: F/)sgEe)l Txel ol
5o Feiden Rawit AL Wtk WaAe F¥o| Fme

zymase?] g o dHLI vl FU1E AAdskET, o] {7
Aol o) g Fel dough pH7F StelAlAl Hrk 2 AFe] Az o
9} #edo] Q= Aow BIth F wkEol pH7E wopdd whel spa
whAlelo]l AR =4, o] polymannuronate ¥7t#ol F7HEa s pHE
Festel weol RuE AAaATE A dAsdY (Owen R

Fennema, 1999).

d
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Table 5. Changes in pH values of experimental hamburger

buns dough after fermentation

Samples' After mixing After fermentation After proof
Control - ()()7 361 - 5.42 |
P5%G0% 6.12 5.64 5.57
P10%6G0% 6.23 594 5.64
1152%6G0% 6.39 6.08 587
P5%(3% 6.31 599 5.79
P10%(:3% 6.68 6.38 6.15
P15%G3% 7.07 6.62 6.32
P5% (6% 6.60 6.10 574
P10%G6% 6.92 - 6.51 6.25
P15%6(6% 7.22 6.81 6.53

Refer to the footnote of Table 1.
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4) v Ao Yy ¥l 5
wpo] Yl ol FAH L) QojA]l Tk AR vrwldel ghaky
A, kel B ot g kel ofsir Ak oduwbAow who] Byt

ob& shriwl vkl zl o] 3l2kol =L} Aol £L oWl L w G311 7]

cre)ar Huvp Fobghel whel vlgo]l A ASHA AR EA 7Rl FolA]
oA ol Bl Aztel FA ¥l B3 Bt Bovt F
7patefor Awkg Wyl A A Ago]l Fot (FEA 9], 2002). Table 6
2 polymannuronate®} 2588 7tzhe] v &2 Hrbste) 42 WS |1
A7 et EAE SAHS S48 ol &3 FAAgAYes RAE

Qs Aok, dfF&2Tel -y 7t 312 cnel #A e Hl&} polymannuronate

Jm'
N

15

159% H7bek 2o 931 orz  @As  grasdd. wd

e

polymannuronate H7}#2 15%% st A Z2FdE 6% 7t
o] Hi= 203 em o @ o] FUbelsdth o)z Choi et al (2005)
o] WA A &S ko] &4 FREe] HulHE TVHAAS W R
d7b ARG A2 dAEE Y. %, polymannuronate®] HI7FE
2 grashe], we] FA5Ao] vwhA) =

As FFHS Frigto e 1 F42 W+ Addd
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Table 6. Changes in volume of experimental hamburger

buns
Samples' Volume(cm®) Weight(g) Specific Iiaf
volumelem™/g)
C;m;r(;]"”’*”'"'"’*””"*3’1:2" - 180 - 6.38
P5%(0% 306 487 6.28
P1026G0% 297 494 6.01
P15%6G0% 231 49.6 4.65
P5%(:3% 331 48.8 6.78
P10%G3% 292 49.5 590
P15%G3% 266 49.8 534
P5%(G6% 323 49.4 6.54
P10%G6% 310 49.3 6.29
P15%6(:6% 293 499 5.87

' Refer to the footnote of Table 1.
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A Ao Fr)EAE
] Aol 7] AE2 QB Wyl e pbRTeky 9 Hojla 7
HoFol A EFao) 2ol2 AEEIY ) Polymannuronate® 5%, 10%,
15% FA71aS A9 ) =tol vlEA] 11.45%, 10.18%, 9.82% % 7+ A3}
PSS 5% wAskA skx
dd Sers 0%, 3%, 6% w WM Wl 1145%, 11.27%,
g5 bl g - B b A ey 48k

3
(1994) & w7]ell o] dh Faghael gd]le] oty 2 Hae A4

1= AsES JERAAY Polymannuronate

ﬂO‘V

- 27 -



Table 7. Effect of experimental hamburger buns on

baking loss rate

Samples' Dough weight(g) Bread weight(g) Baking loss(%6)
7()7011‘[;;1 | 7 53 - 48.9 o 11.09 |
P5%G0% 55 48.7 11.45
P10%6G0% 55 49.4 10.18
P15%G0% 55) 49.6 9.82
’5%G3% 55 48.8 11.27
P10%(:3% 55 49.5 10.00
P15%6G3% 55 49.8 9.45
P5%(G6% 5 494 10.18
P109G6% 55 49.3 10.36
P15%G6% 55 499 9.27

Refer to the footnote of Table 1.
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6) Polymannuronate H7} 3Iu| | #o] M =A

Table 8& 1)0lymannur0nat69‘r A rdle) FHutes delsk i
el e e Aok Wi e Lk dlztoll A
RO.2272 vhERREFE=), 5%, 10%, 15% polvmannuronate X 7Fto] A -

b7k 81.06, 7949, 776322 H7bdol St va gaddvh

u\ﬂ.

polymannuronate®} 22 AdS vebAc AAEE e E agh
th&to] 11002 vhERwEAL, polymannuronateS 5%, 10%, 15% 7}
#}S AL -1.03, -048, -053°.7 7FAstg Tt Polymannuronate

o] 5%= & Ay =58 FHFE 0% 3%E H7HAES W, -1.03

fd

1062 frol4gl AolE wol) shgkuh c1elih FF R Fare] 6%
@i 08602, feldel rAE Yehudth FAES el btk

tl) Z o o] 18()6 (BRSNSl polymannuronaté% 5%, 10%, 15% 2 7}3l
& ASy 2214, 2037, 21128 Aaskgsr Al S7Fel T
Polymannuronate $H2Fe 5% % sds&ls, =59 FS 0%, 3%, 6%
2ogre]l AARE delx 2214, 20.10, 187602 7HAad Aoz gt
polymannuronate®} =Fdl] FHristo] T71E4E wel Mo] HoAH &
ok 4= ldrl o] Chae (2003)7F polymannuronate®] H7l#& Z7}

Aol upel Aol vk R Aubel dAstAT
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Table 8. Color wvalue

of experimental

hamburger buns

crumb

Samp]esl 1° a b

Control 80.22+0.73" -1.10+0.03" 18.06+0.07°
P59%6G0% 81.06+0.41° ~1.03+0.07" 22.14+0.08"
P10%G0% 79.49+0.25" ~0.48+0.27" 20.37+0.65"
P15%G0% 77.63+0.39% -0.53+0.06° 21.12+0.20™
P5%G3% 78174013 -1.06+0.11° 20.10+0.78"
P10%(:3% 77.10+0.05° -0.51£0.12" 17.24+0.44°
P15%G3% 77.15+0.02° -0.51+0.08" 17.69+0.88
P5%G6% 76.10£0.54° -0.56+0.01" 18.76+0.27°
P10%G6% 74.27+0.06' -0.39+0.21° 17.78+0.01%
P15%G6% 74.32+0.54' -0.37+0.06" 18.28+0.02°

' Refer to the footnote of Table 1.

‘L Lightness value, a :

value.

abedef

Redness—Greenness value, b

different(P<0.05) by Duncan’s multiple range test.
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7) Polymannuronate 7} iAo 7] A& Q1 ==t
Polymannuronate®] 55 welsto] Alx=sh @AW =A5E &
A&kt (Table 9). Polymannuronate@t 7 713k wholl 4 1=
st ot FFel HIEA ol = polymannuronate] S7Fakol] whg} 7k
Ec B e O S S B oot B 1 S =) e B e e = B4 Vil I ¥ e it 2 [ S
Avk S w3 v A mpdvbA R Hbete] wheb 2 oapol & LpEL
WA ek dEAd s 942 polymannuronates H7HRE W Ha
st ot FFe8 H7FYES 9 polymannuronate?] F7Fukel| whel 7h

ettt Al Frkstel grE A g daEs vEbi i
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8) Polymannuronate #7} v} A %] AnkAd 1A

Table 10& polymannuronate® r %% vhelsto] A #23 @ AwS
Ao Al 1AIZE WZEbAl7L & dwbd s B-Ash Adafojr) diEao s
Aokl b Euks ALgsk A o] R-ghaR2 30.08% . LFELRE

2=d], polvmannuronate®] #7id}&o] F7pghe] wiel pREdEFE FU)
hoivh sl ¥ gEdtalA 0.93% d, pRskake] FUbeie e
& ke vrepURdoh frela vk A gheke polymannuronate®] 7 7F
ol Fvhstagw ofzb haskel ot = FEl bl Frhel whet

T
Z7bsbdeh =, xkskeE Aal Aol §1%) o polymannuronate

o} o] Wrbgo] FAARAE heh A% by Al
A Helz AFad Wulre] YurgRe ¥ AnRES Table 119 v}

thuidek, 2l AlE MAF @A el FAoldR e 0.8% At
wh A E el polymannuronates E7FSH @wW A buns®E @ AW S
AsE WA EFAlolAdfF TEHES 60%s thEdto] v AT

T Aol el el wAs Srkskth
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9) #54A

Polymannuronate®t &4 =F a8 d7Fste] A 23 A 7|35
EAANE 94 Ay (Cvlg =S 9g -l dYTE 1d)er 3

7}t det (Table 11). Polymannuronate 3 7Feo] 7145 Mo 7] 5

wob AapAle o3k gho]l #Aastl=Hl. ©]%

Y,
flo
k=
=
o
=S
=
st
-
o
=
ab]
&
D
o
™

7hz who] Mo FojHA 7|EEvF wrobxl Ao w AbmEvh refar g
vl eh =2zt gt Vs EE o] Vst $U3 AFor dix
ol vl A4 polymannuronate #H7baoll A FEAastdh ste] VsE o
Al g A 2R3k 2 Ao vEeistod, 25E 6%l A &
gk 5% 7 10%ae] 4§ dEzd 2 Feol ARl zpolE e A 4%k
v} AwkA el 7] 3 %+ polvmannuronate 5% w8l 6%vto] thRT 3
FolF el aolS e A] ko). 22| u} polymannuronate 10% =%
G 6% GA Foluh A, welM mETH FeHel Aol g
vt} w2} Al polymannuronate ko] oA dubA ol 4|zl 7| F
oAl A 2] A A#ol7} §li= polymannuronate 10%, 78l 6% 2

FAAA Heolz HolstH
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2. Polymannuronate?] #7}7F slFo v X += Ak
D A5 st Aol T Aolas

7V7y AEEES GHEso] dujAlg 52 polymannuronateE 45
wolst Al AR 7| 7bell thgh A5 Wste] wAIE Table 130 e 9d
vh Aol F7hE A4 A el ofgke] ol & uERol ot fo A
ol 7l gkttt 71z o] B HA@AolE folgk 3o VAT A
#HEAd] AFFIhE, el AASVIF Fo AFRAATE B Ao
Table 13 vebiAth AFHsd A Aol &S A= 2
AAS7IZell AR vk Al et e, Aolg s HE sdd Ao
W vERsETE. Suzuki et al (1993)2 5% ¢H714ES Folst ot AFF
V7 71 Aoldtol Hls] AsEE Aty X 13 1, Harmuth-Hoene
et al. (1979 3Hdd A7 HAANAS w Ahq A3 Ha=
A% Z7bgo] Aol st the $How, Sung et al. (2000)

=5 H7b Abse] SEAFAAM 108 Ao &2 ARR7ITA

o Az oA g3e] fFoHl AolE WY ook RIE

t}, 2 Ao = polymannuronate H7Fate) ATEVHEo] thAh A

[e)

o}

N

i
=

[
sl

i)

0l

stz Ao 2 veEl} polymannuronateE #7)7F A FHsbH AlEgeEd &
g A 7hgAde] FEs dvkal oS, Bop G| A Al A3
ol Ha3 Aoz M7t}
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Table 13. Weight gains, feed intakes and its efficiency ratio in the
rats fed the expenmental diets
(Mean £ S.D)

Test animal group' Control Polyman
Initial body weight (g) 125.77777 + 2.81 12490 + 3.49
Weight gain (g/4weeks) 184.78 + 8.22 181.80 + 9.80
Feed intake (g/day) 1836 + 1.02 19.08 + 1.59
Feed efficiency ratio (26) 0.36 = 0.03 0.35 £ 0.03

' Refer to the footnote of Table 2.
All data were calculated by Mean * S.D. for 10 individuals.
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2) 4719 =%

Table 43z A2 o)Z olgt & HFTES sFate] zF A9
N Fds A4 ook zhe] FE Al v R AR 7 7
boll f-o)AQl pol s vieh A ekgkrh i d ) e g, Kol Aol
A @A s7bebis AEE yehdla, wAe Aee
polvmannuronate 2 olito] i Fxutol] uldto] FejHor A pERuE
th Wyalt ef al. (1988) 2lol% thddre] &

wal, #gd WeEe FE &

of ftAdfAlolel AAL wAES wf WA A AT F7sHA
v Basigeh ciela ARk E
seko oAM= Aol AYE wbd, gt A % g Ae] A7)

=ogoH oz A YebAT (Suzuki et al, 1993). #uk olyel 432

f
QL
.l
]~.
=2
x
~N
i
=
N
)
g
>,
N
A
o

Wi ABRe= AYE Folde w xge| LolE & Aol YA
Ul Ae HAY Aed Bl FhRes 0 elsk rkshe
AeS Jebldi=dl (Lee et al, 1997), 2 Aqte] Aitel dA3S &
F aqd
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Table 14. Weight of the organs in the rats fed the
experimental diets

(Mean * S.D.)

Test animal group' Control Polyman
Liver a0 004l
Heart 1.11 + 0.10 1.16 = 0.17
Spleen 0.76 + 0.12 0.76 £ 0.10
Kidney 241 + 023 253 £ 0.18
[.arge Intestine 0.66 + 0.13 0.75 =+ 0.17
Small Intestine 377 + 0.59 4,16 £ 0.60
Cecum _ 0.70 + 0.12 098 = 0.16™

' Refer to the footnote of Table 2.
All data were calculated by Mean + S.D. for 10 individuals.

Significantly different in student t-test from control( “p<0.01).
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3) AA W b £A Fo AAxA vjA= 4T
(1) Triglyceride®] %
sbere oA & 7] glstel g, A W ade sk A

Aol &%

Lo

%

golao i A2E ool A= triglyceride®] & E|E

vl &l Fol Tyl AH|Eo] AL FAAWe] =2 AE AAEF
olt} ahi=dl, wAEF T YFH o shF FAAIHI AE A ALE
e "5 uFAA dFoluh AgAold wE A9
triglyceride®] 3F#S Table 1501 YebSic) 2 Agolr dH F9
triglvceride®} %2 polymannuronate 2} o]atoll A thzutol] Bl&) F2 %

o 2 A uEhth o] polymannuronate® 1229} #d o A
waste w ] 7hREAY] 5 Vs vIEe] mEEo delA HEAta
Adtste] Y F57 rAE T A QR ulEEe] Ao triglycerideQ—l

gol folqoR #as Aoz Yrad ABF YALAE dao

2 olaaatel chAlvh, vl A S AEqE Easel HANAS W
2% 2elade @ FAAA et 24U (&5, 1992), Choi
ot al (199D)0] melel A FEe 7S Fold JolAE FHA

o} 7F43% o2 vheERtth “1e] 31 Kinnumen et al. (1983) X Vigne

et al. (1987) 2 Ao =23} lipoprotein lipase”} triglyceride
o] 74 &wralel chylomicron® VLDLS #a&l& FHsle dF FA
Q- w7t Ao B ustHeh Bek opye S Favd-E wol

& ol A FAAAY Ewrl A3 o g el ed (Venter et



W& 8kl Qlth Table 1557 A@Alold npz A3 Fo A Ao gk
S =ASE A vebd Aoltl Polvmannuronate A o) wtoll Al o &t
of wisl fe)Aer vk AgS vehyh ot FAAIE S 459
up 7 AR v el whaAbe Adteto] Aol R wjEE| o] @A e <l
Al o] ghigo]l wropxl Ao AZbeh Jenkins et al (1975)3 o7
HAL Aol HEES I fxpe] MAbel FHrbete]l HAHAIZ A
e ARt B E 3 A ddAre] el &Aool
b & o Akiba et al (1982)2 Aol d-fof HF7F &3 <1x4d

o B & wErhal sto] # AN fAe AatE R

2
2,
o
N
-
2
>
2
2
[¢

Table 15. Triglyceride and phospholipid levels in the serum
of the rats fed the experimental diets
(Mean + S.D.)

Test animal group' Control Polyman
Triglyceride level (mg/d¢) 10087 + 1752 5704 + 12027
Phospholipid level (mg/de) 148.69 + 8.04 121.15 = 5.02°

' Refer to the footnote of Table 2.
All data were calculated by Mean + S.D. for 10 individuals.
Significantly different in student t-test from control( ~“p<0.01).
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SolaHEe seR 9 NAMEE i G457 6 Bad
A, AErhe] A5 P Rolth Bire] Bl aHES A
duu] Felsdgel gl 2HHA gow uAHF o] o]

]
wul el o) AWS Furach Table 169 Ae Aol froldh 34] 9

g4y B T FEdHcdEe §9S 54 Ao

Polymannuronate 2Jo)uoll M= a3 b4 ) FFe e ol

el vste] fFod oz vbA vERRch o] F (20002 A FEF

TR0 FEEE 5SS o FHlsdHET FAAHY AAERI
o

olee wuatds, 2 5 1968 veel tERst @F Fe s

2 FAAE FHE oA waskleh, e g (1983)2

%, HDL- LDL-=#2H E ol #Zastdu (7 5, 2003). ‘110}7:4, &

gl oteiuly Aggz U 58 FHoA HIHAAAS wW Ayl f
2o 2" E Hstayrr 7B 2 Jdos velow (Tsai et al, 1976),

Ebihara et al,(1989), Ikedaet al, (1989)> 84 H 7 Fd2elE
o] Fol ToF e FozN Y FYAHE vE, {1 FHAH

P, wE S Ee] s Soll 4¥E Fua v
£, Fernandez et al (1990) nFe~elE 2ol HFwEgl 1% A&
S H7ist Ay, €4 VLDL-Zd ~eEo] otk F7kekla, LDL- %
HDL-Zd =~ 2% W ofyet kel F Fel2HE ¥ FdEdsvE

o] A3 AR wuatglh o 9o v} 71 B o)

=l o= A
E_‘L}' v ol

S 2 A5 g3 FYAgES Fodow HetAz e (Lee et
al, 1996), FxHAA Ao B2E Fo43e vl F4AAYN} FF
e Eo)] 7FAEA} (Lee et al, 1996). Yang et al. (1996) ¥ Kang
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et al (1990)& &l xHolAH FE3 soduim alginate 2ol7} 7+ake] &
Ad, $4Ad, & FdadHE dEs AshA AL B ausilivE,
) ot = carrageenan® el S 3 FH ol A 7hA FHul 2o
22 AHsIAAC (Tsai et al, 1976). ¥k olyel Suzuki et al. (1993)
of Aol A= IS Foldh A A g Fol FdaHE]
A 8k A o

71 2357 mannuronateZt ol 3hRE <follA HAASHA
LhERSE = 2 A

o) Aafol| A= w7 A] 2 polymannuronate 2} o] o

]1
oA frelom zhastArh

@) sel2gruge 33
ARl N Zeau 2o G 2L JEAoR DY s
HZo gHe Holz F48 2 AHEo] o os) AT ot
fEld T sHEo BYow FTIFHW holA HMG CoA BURA
o) FAE Aalstel Zel2HE) AAHS A, FAAZE 7o
LDL &4 AA4s AsiA#A el ayee] g2 se2e 33
& Adat wAuto g ACATEAS AN OZY Fa2e

ru}o

& olxH=std FHauEs d8A7]7]1% b Table 16914 Y
bl omksh ol AW e FuliEES tixdd His)
polymannuronate 2ol Al 7Z+AE Q) ol FH g E3 vz}
AR ARAstR Qg 757l ES] mE SR, BEAH AF et A9
2 oaEsts anE b & Ao Azbdd. 4kl AS- 379
HAA 2 e fEZuavES HAAAL (Tsuji et al, 1974), Bt
200D el xR ZAHAHRE dolstds uW feZHsHE
2 cholesteryl ester?] %7l ZAAadchal 1= o= B Age] A

vpobe A A g}

ﬂ.l
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(5) HDL- ¥ LDL-ZFd 2" &9 33

HDL-Zd 28 &2 dQE g olsstaA Al ol e o9l

F A Ee] e polymannuronatewroll A FeolH o s ukqkr)
HDL-#ell ~e & dxxA o R R e e
LDL - Fe 2~ Eo] dypde] ZAx= 2g WA #nk ofe} 3
el 25 Fy~dES A7ste] s AstE AT o4y

tHNicoll et al., 1980; Castelli et al., 1986). Choi et al. (1991)
o] 714t o]l Al LDL-Z#8 48 E2 A8ty 1, HDL-ZdAHE2
Z7bek: &aabrh bz B askdth Overton et al (1994)2 HDL- 3
AHE FEdd PAE e 93 FFoaH S g A 2
= AE Holedl ot Fo Ay dF TUxEHEY gREol

HDL-Z ¢ &H Z 5% &3

mm
o
~N
[
o3k
o
]
Ho
e
Ol
o
T

flo
=
12

O,

ol
K
%0
S
£
Mo
o
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O
fy
=
2
o
}..
o
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K

7] AdEnA AsLS F23lth Kirby ef al. (1981)8 112 AH &3

g
Mol Felz LDL-Z2d2HE $EE #aAfYn
Jg_/d ,j)o}zﬂoo AEe] A o}

stath 53 784 52 #HE A mucilages, 1EFY tUEF
5 F ZY2HEY LDL-2d4HEe &5 95331 HDL-2d &

HEeo T2& wolv a7t doi At (Yang et al, 1996; Park
et al, 1994; Kang et al., 1994; Fernandez et al, 1990). ¥ <d7tof A =
LDL-Z#d ~el £ k<& Table 169 “eERA=d  polymannuronate
Aolitoll A tjztol vs) v g vEldAdTh o] gk f-o ARl A
ol & HolA = gkt E3F 130 mg/dl FIREe] AAAQ Wefol el g



Table 16. Cholesterol levels in the serum and liver of the

rats fed the experimental diets
(Mean £ S.D.)

Test animal group' Control Polyman

Total cholesterol level

Kk

Serum (mg/d?) 60.34 + 4.20 5227 £ 1.17

Liver (mg/g) 7626 + 674 46.81 + 6.03"
HDL-cholesterol level

Serum (mg/d?) 43.40 = 299 4987 + 347
[LDL-cholesterol level

Serum (mg/d?) 538 + 1.19 6.14 + 0.69
Free cholesterol level

Serum (mg/dL) 25.12 + 422 2262 = 275

" Refer to the footnote of Table 2.
All data were calculated by Mean = S.D. for 10 individuals.
Significantly different in student t-test from control( "p<0.05, “p<0.01).

_47_



4) 94 9 93 2 GOT9 GPT &4 vx:= &
(1) 839 3F

Jenkins et al. (1977)° 274 AHoldws AHsAdE W A5 &
oul Qlede] wvh Hskgtrhar sF9)al, Torsdottir et al. (1991)-&
el AFQl algaeRF-E FES Ai14kol HAde AE A s

2]
A oHEATE AdAR 2R dFS Ao zivia BastAyh e

L} Blackburn et al. (1984)2 ¢ vj& Azt vb= HF3ab A Fold S Ex
G gy A g Felste] F g2 FAHS FUANA Y

ﬂ‘%%?%ESHJMﬂoiﬁﬁ”ﬂ“ﬂﬁﬂﬁo%ﬁ%ﬂ%ﬂ
Table 17¢ 7| 240lsh e o2 Holg d7e Adadas =4F

Ao F AT ko) ol AHSl Aol g HolA] et

(2) GOT$} GPT9) 24

NNZ2Aolek A AolE Foldt 3FHAA GOTe GPTY 4%
atdth (Table 17). GOT# GPT 25 {4 zo]lg nojzx ke
b GPT #Alel 4% polymannuronate o] doll A o)A o2 vl

thebret

I
o
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Table 17. Glucose levels, GOT and GPT in the serum of the

rats fed the experimental diets
(Mean + S.D.)

Test animal group' Control Polyman
(}lucoserléwl(—;hr : -
Serum (mg/d¢) 122.76 + 8.8l 127.98 + 7.87
Serum level
GOT (Karmen) 206.36 + 14.08 19393 + 13.82
GPT (Karmen) 4426 + 508 29.00 + 5357

' Refer to the footnote of Table 2.
All data were calculated by Mean + S.D. for 10 individuals.

Significantly different in student t-test from control( “p<0.01).
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=
(1) 4 LaF
Table 182 A olol] F&s] Aol wAAvkar F2hs)= 24 A4HE 7

o1zke) B FAstel PG slolth Fuw wWel sk B Yol

polymannuronate 2 o]itol A felAdow Frtsldth o= Aol dfi A
1y = -‘j’otol

o} A
ghdol F71E s SRR AE, 4 WEE9 Fu, HdAle] For ¥

o8 Azt 284 Holdfadl HeAVFY ¥
WA G SpAgke]l HAEtda, wiEke]l Ftstdlon, &4 Aol
Luton et al, 1993).
= el wheat bran, S22 S$& WMo g Xty chlz o] wjd S
Z7k 71tk Bas a9 o1 (Stock-Damge, 1983; Schneeman, 1982,
Schneeman, 1980), 21olAdol HFH7E Astaboll Ao o)F Ate] &
S A= Aoz ety (Ikegami, 1990). Judd et al. (1985)2 #&l3}

1)
dol Aol A AL s Holdfs AFUWEEe TEFS FSAYI

Jo
F~
k=
ol
ot
%
1
il
H’]'r o
o
fol
=
i)
il
olN
=
>
hJ
=N
32
)

el Frbdtim musgnd, B AdlAE ol B Avs

AgAolo] wE ¥ Fo FYsHE FHS EASAC (Table
18). #W Fo FZY~HEL polymannuronate 2 olato] izl H]
af fFeldow dAAs wA Jeldt Holdfe A ZeE2HE
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1)
S

E\N

A AR AstetrEA Faevh AlE o] o RS o] F
bl el (Mirttinen, 1987 Vahouny, 1978: Vahouny, 1987). Vahouny et
al. (1980) Ay e 84 Aol iz w& fddes Qs 24

of xgolx ZelsulEa FHAG] EFE A, o]Fe] v %

Aatar, Wk gels #Adshis Aolalfrel ddol oA FHlAHE
dboE ATy Agste] ojge wAdS T HOEN F4E oA st
= osle R Haedoh reln ISl A dAdel e AolAl Rt
Aol wte Aol fol s Ful~dHE vxE $FUT (Mirttinen

ZS
et al., 1987). o]21d +8A4 Holidfe] dda FrAde 2% 4
A

HeERH L=l polymannuronate 2ol wtell Al oA oz e RS o
T YA Holdf FHAHE ¢ TEAby AH F
T A Ee] oo widol Frhdch (Mirttinen, 1987; Vahouny
et al., 1978, Vahouny et al., 1987). 7L °o|fF+ wH&Fito] SRy ER
TH A e SAEA AW Ful g Eo] AR wdEE FAdg 4
2o]7] witolth Willet et al (1990)2 w5 Ao WHalE F+= &
Jdoz AW AFae AHFHA w2 Folg Ao,

H
Kritchevsky et al (1974)2 S2E2] 4 S3A o] oA H whFAl

o
o
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o] GhEEs AAgona F oshFatdel Frhebed, Al whet
vhsabate)l AgA Ly gevar Baustdeh frda 84 dlE v
7<) carrageenan, 584 A A/ 490 polvdextrosed o el A 31
o] whFAakekol a cellulosermgdurns XH.tb Z7pstgd v (& 1994).

Ebihara et al. (1989)< =dl~HE Astadrt gl w84 Holdw

v}, B3] Arjmandi et al. (1992)& F84 AolMf7t %o HAdowm

sl At FFakel FaAavE Frbdvia Baste], 2 A vt}

(4) ¥ Fo F Aol 2

Table 1814 A Aol wa ¥ Fo] F Aol df dhafo e
deh. Hw o % 2ol 4 §h2ke polymannuronate o]l Al o
wato] HlaEl fFolHoz A velon, ofefdt A Aol HFQl
polymannuronate”’} Zujoll A wg e #] il tjEFo] FWoz wiAdy
7] w¥eletar B3 Nyman et al. (1990)e] Ao} e A E o
Chilch o] Aty P9 Fo F oAt R dAskes A%S o
el =, ol Aol fo 8ol ol aitelA wEibd A dstol

wwow WAy Aow F3dd

CULN
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Table 18. Fecal cholesterol and total bile acids, and total
dietary fiber (TDF) contents of the rats fed the

experimental diets
(Mean + S.D.)

Test animal group' Control Polyman
Fecal (g/dayv) 098 + 0.09 1.23 + 0.13"
Total cholesterol 11383 + 1052 19075 + 13.83"
(ng/g)

Total bile acid 7661 + 1544 19355 + 13.17"
(Umol/g)

TDF (g/g fecal) 0.063 + 0.006 0.080 + 0.003™

' Refer to the footnote of Table 2.
All data were calculated by Mean * S.D. for 10 individuals.
Significantly different in student t-test from control( “p<0.01).
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6) A T leptin9 IF
Ay Aole W "A Fo leptin ¥ Fuol WA= FEFE 4y
Hokth, WA RIA ¥4 o= 43 &9 leptin &8 VA= &S

H B =1d (Fig 2), polymannuronate 2ol -2 leptin WH|&Fo] o &<t
Hy

o A XMt} frejAowm yott} wjuk FAo Qoj Al leptin LA A o]
2 onetes F2ae W ¥F leptin wEvt fFeHoeR Frh3lew

(Klein et al., 1996; Frederich et al., 1995; Reeves et al., 1993), o]
F7h AAY AVIE G 5 Ao a2du AAY FE7F leptin A
Aol vl g3 ¥ ¢hY). Hannelen et al (1998) %9 F
leptin & %7F F2 IR AN A] WA R = leptine] ol w2
st o, Alessi et al (1997)& 3 &xwpap B E 2 ulol A AHA 5 =
leptin®] && Abol7h flvhar WERAT & A eb A el A <lnk A
2ol tfzure] A st Bl A B4 ¥ = leptine] ol
7t AL leptin ¥ XE7F FojA o2
2 st leptin B F=7F Fastdas ST 5 AU
§ Zolv}. FAh=
o] 16 kDag! leptin M=% 3HQ1e 4= 91<l+=d|, polymannuronate 2] 9]
o] xR} okstA Yelstth Ferderich ef al. (1995) 125 &<t
of mApEAol HFH Al AEzA A leptin G A} FUHE R3S
=

=, A H2Aol HFH Al yERE @ F leptin o] F7t Hlgk

=

= 2QF o 1}, polymannuronate 2 ©)

Fig. 3& 8% <9 lepting western blot o2 23]

FHRE B Fubod wE AAS AAEA T Lonngvist et al. (1997)
# Ostrund et al. (1996)2 Atga} &8 iAo =® 3 AgolA diF
o HRE iR EA A Al vls] EF leptin wEF vkl Kl
sttt B AFoAME ARk v AA eIl dtixyte) H§ EF leptin
TE7b FoHo R Fvlete ¥ polvmannuronate A olA] # F
leptin F=7F 72t =, ol leptin HH|FFe FHAel 7IQis A
o7 oAz
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Fig. 2. The level of serum leptin in the experimental rats

The rats serum leptin were determined by RIA with reagents from Linco
Research(St. Louis, MO, USA). The RIA mixtures, consisted of increasing
concentrations of recombinant rat leptin diluted in assay buffer, anti-rat leptin
antiserum(IGg rabbit anti leptin) and asssay buffer. The mixture was incubated
for 24h at R.T. then "I-rat leptin was added and the mixture was further
incubated for 24 h at R.T.. Following the addition of PEG(125%) and a goat
anti-guinea IgG antibody and centrifugation(3,000rpm, 30 min, 47T), the
supermnatants were discanted and radioactivity in the pellets was counted to
determine bound radioactivity. Calculate the ng/m¢ of rat leptin in sample using
automated data reduction procedures.

' Refer to the footnote of Table 2.

All data were calculated by Mean = S.D. for 10 individuals.

#: Significantly different in student t-test from control( "p<0.05).
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Control! 16kDa

Polyman 16kDa

Fig. 3. Western blot for detecting leptin protein levels in

the . serum of rats

Serum was mixed with loading buffer and loaded onto an 12.5% polyacrylamide
gel.  After electrophoresis, proteins were transferred onto nitrocellulose
membranes and blotted against primary Antibody. Membranes were washed and
incubated with a 1: 1000 dilution of HRP-conjugated secondary Antibody.
Protein bands were visualized by an enhanced chemiluminescence reaction.
Experiments were performed at least three times with a representative
experiment being shown.

'Refer to the footnote of Table 2.
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V. 2 o

oA ve, gAel So] #xsrel] FHEo] Slvr Ao
A 23Al A WHE polymannuronates W 7| whol]l H7palS wf o] 3%
A5 s sfolstd S wol] de & AJAdgiAbe] ux] G 4
R =
[ . Polymannuronate %7} $vjA ™o &2 54
Polymannuronate s §1¥ Aol H7tste 1 FAEAAL A A
Y= o 2
1. wAwe] g Fol Aoy pHel Weh= polymannuronate 37}
wko] FUIEE ol 12 & F9| doughel Witk o
&S FACh T3 FFEle] Hubake] FUME S E pHE FUheSh
sk g £48 9A polymannuronate® H7bol| uwhel 7HA 3T}
2 AW Hulg F4E o]fste FAAPor FHF A
polymannuronate®] #7}eFo] F7pa 4R e gasklt
3. Polymannuronate®} &4 =Fde] H7b=FS st @ Ao A
= polymannuronate®} #5812 o] Frt&d,s WA E = A4
&9, Ao e A e Aot
4 A A o] FAZHE FAFT A

2 A7hAe W gastach

Polymannuronate$} S ZFelS W 7bsto] A &3 slu A 7]

o8

@A A3 F32 ¢ "ol A polymannuronate 5%, = F &8 6%

ol dE2ud 7hE FAe Aelrt 1)l ey polymannuronate
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al

Wb oake] e upER A ek gt o r
Agst v 3tol el Abiiw o)

Polymannuronate®] #H7}7F 3 F ol vl x| += gk

ShA 33 E 57 FAFE Tl iR
polymannuronate 2}olv* 0 & b 45 7F AMSEe] A9k 7k
IS AREEte] A

@ 23,
I AFwsiel Aol g, Aol

7] 22 o] 2

A& FoHQ Aolgs HolA gkttt

2. Polymannuronate®} wolo] mE dAoAel FdxAT} QXA <
& fEaol A=A veRgh

3.

A HEAE Fo] FEUHES

lymannuronate®] & o]Al #
stElon], felEeAH e ke FF A2

3 vl 523k kS
dehidel. HDL- Zal 229 32 polymannuronate 2] o]-0]
v, LDL-Fd 2" &9 g3 594 zol& el A
g

% gkt
& F7HA AoldAT B HSE FeoR veytow d3F
o} GOT¢t GPT &4 % A<l 2Fol7b flslet
Polymannuronate 2Jo]:follA] €< Bwak Bl & ohFal ek
Z Aol FEko] =4 wekh
A F9] leptin ¥H]F3} child wbE -2 polymannuronate A o] 7ol
A Fre)H o Hasklvt
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