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Effect of alginate viscosity on digestibility and lipid metabolism in rats
WEI WANG, YUMIKO YOSHIE AND TAKESHI SUZUKIT*

Department of Food Science and Technology, Tokyo Universily of Fisheries, Minato, Tokyo 108-8477, Japan

Soluble dietary fiber is reported to have an effect on high lipid inhibition, and also to have different properties
depending on the viscosity. In this study, we compared the effect of viscosity of soluble dietary fiber using high
cholesterol diet rats. Rats were fed the test diets: basal (B), cholesterol (C), cholesterol plus high viscosity sodi-
um alginate (C+H) and low viscosity sodium alginate (C+L) for 20 days.

Rats on the C+ H diet showed significantly lower alginate digestibility than those on the C+ L diet during the
feeding period, and the C+ H diet also made a bigger difference than the C + L diet in molecular weight between /
Days 1-4 and /Days 17-20. Rats fed with the alginate diets showed decreased total cholesterol and LDL-
cholesterol concentration in the serum, compared with those fed with the C diet. A reduction effect on liver lipid
concentration was found in rats fed with the C+H diet, whereas those fed on the C+ L diet did not show this
effect. According to the observations images of the stained liver and adrenal tissues, high viscosity alginate was

found to lower lipid accumulation.
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x10% TdH - 72,

FREMM SR ChE TICHEY L e I E
WER KT 72, LESBEBOY « AX—RHET v
(BAZ V7)) ook (CE-I, HAZL7T)
G2 CTHBTHEAE 21T 72, RBEROT v D
BEATERCICES LDIC4X (FO6E) [IHT,
Table 1 OFEBIfE 4 BV 20 ARIEAE L 72, REX T
FNFENEARK (B), oL zFo—LgK (C), o
V7 R m |V - a1 R T=A | Ve ] i vl N R VN |
27-8KR (C+H), BIUREOKR T ILF M) Y
AT AER (C+L) L7, Tv MEdER 23+
2°CC, 12O RO T AT vV AR r—
AN THEPIEE L, ks JUKIGHEICERE &
7o, (AE, FRHERE L JUERIEHAIEL /o,

TILFBOME REBRGERMKE L HE (1~4
B) L&THI4HB (17~20 A) [CHEDH/-FEFDOT IV
U EEE T Haugy O P #E U CRIE A 1T D & i,
BAE) HROLT IVF VBBIEICX 5TV F IR
PR OEIG L L THERLBEH L 72, S FREEEER
thrm~ 757 (LC-6A, BEREIERN, &) %M
V>, 15 /. Asahipak GF-510HQ (GRALEL, 3T, 7.6
mm ID x 300 mm), {&/& 50°C, #&#H 50 mM NaNO;
L, W#E05mL/min & L, mERITHRHE (RID-
6A, EEBUERT, S8 Xk OBERTY, ST
fE#E 5, (Shodex Standard P-82, MEFIE T, HHE) O
BERLVERL /-,

BEms L OREOBE MERKAKS, 7o e 18
B R sy, T—FIURKEEO T CHIEL, KERED
BRI L 7-0h, R &%, DBBCKEINR AR L, B

Table 1. Composition of diets

(g/kg)
Diets!
Constituents —
B C C+H C+L
Casein 200 200 200 200
Corn starch 602.5 590 540 540
Sucrose 100 100 100 100
Corn oil 50 50 50 50
Vitamin mixture? 10 10 10 10
Mineral mixture? 35 35 35 35
Choline chloride 2.5 2.5 2.5 2.5
Sodium cholate 2.5 2.5 2.5
Cholesterol 0 10 10 10
Alginate (high) 0 0 50 0
Alginate (low) 0 0 0 50

I B, basal; C, cholesterol; C+H, cholesterol+ high viscosity al-
ginate; C+ L., cholesterol + low viscosity alginate.

2 AIN-76 vitamin mixture.”

3 AIN-76 mineral mixture.”

OEBEAPEL 72, L - EFEORKIEE O
B2 5oy, BB O LBREIR £
10% OFob= U VICBETEL 2o B O OIS %
FC - 80°C ITHAEL 72, IR RN R IR TR = &,
950xg, 10 EOELTEIC L - T, EEALIME &
LTET, WIETSET-80C TREL 7
EBREFWOME B LU ZONE T 0 KEREYF LY
DIgEIR/E - 720

HESOEMFHER 10% T~y VRICRD 2/
Bl 1 EBILA L S 7ok, Ml L oS EsE ST
T vYREICL, N M FU e T VYV
(Hematoxylin-Eosine) TH L 7o, SER L /@YY A
RS TR S L UEIR B2 4 B,
MAEREDIRBEABIZE L /o, IS, PR LU RIB MR
RS R 2B D, BEBFFEL (Ol red O stain) %47 - 72,
AT R FEY YV e LY v CElE S 7oz e
WRETH5H T & TR L, BMEEEO/KERL 100
& TAT - 7o

aLXFO0—), EABSLUEEOS WERE
(o, BIEMAS Y FICED, Balb AT —b
(abAFo—bC FA T a—, FXMETE,
HDL =1L A5 —) (HDL-2 L AFHa— 5 Ak
Ja—, FHMETE), FUsIEU R (FU7)E
AR FARTa—, AEMETE), VU RE (U
VIEE B-7 A7 ao—, FEMEETEE), RiE (RIR
i AN O—, AEHEETE) ER L,
W2V TE, —80°C 7 O KRR L /-, Kates!V Dl
BICL 0 egE i L, MIEESES RO, HiE+
DO LV AT 0 — )& &t Zak-Henly 3V 2
T -72e FUZURIE, UVIBEOGEZILE &R
FRICHIER v MIC L OHlE L /o, MED LDL-a L A
5 11— L3 Friedewald #ER 2N -> T, BBa bV AT
O— L0 )70y FREO20% 550 HDL-2
AT H—IVErELGIWTERDI,

et SERIPHE s EERAE TRL, Ftest &
5 UNC multiple #test T 5 % KELLTF (P<0.05) OF
BEOREVEBL 7,

& ES

HEENE, FHERE, FHESLUTHBOER
REMINE, fRHERE, SHitE L JUMBORRE
Table 2 {TRL 72 L B0 TH D,

FHEE LT T 50, FRBX T v FOFRELITE
U5 Lo /o

FER TR, 7ILEVEEM (C+H, C+L) AKX
B7IVEVEEra TR (B) AR, oL A7a—
V(O AR EDGRESIUCGFERNENERICETL
72o BRSET IVFUEE (C+H) ARKOT v IEHE
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Table 2. Body weight, food intake, feces and liver weight
of rats
(mean+S.D., n=6)
Diets
B C C+H C+L
?;i)“al weight  y70150 1711060 17128 173474
Final weight (g) 202+11s  203+120  253417°  277+8
Weight gain 195,70 19918 82+11 10445

(g/20 days)

Food intake 394+215 400218 311428 3906

(g/20 days)

Food efficiency o) 1@ 31418  26+22 27+1.3b
ratio

Feces 1751 323 88+ 26° 40189

(g/20 days)

Liver weight(g) 9.2+0.7¢ 12.9+1.1» 10.1+£0.93¢  10.7+0.7¢

Liver weight/
Bé)dy weight 3.3£0.20  4.7+0.2Y  4.4+0.30c 4.1+0.2¢
0

Refer to Table 1 for symbols of the diets.

Weight gain(g)/Food intake (100 g).

Horizontal values not sharing the same superscript letters are significantly
different (»p<0.05).

TWF U (C+L) BRI VEEDEZICKED, - 72,
BOENRIL C+H AR MO 3 AKX LD HAEICES<,

B,C, C+L EXDOMICIIBEETEEN 5 h - 72, FHH=E
(Food efficiency ratio) {2 2>\WT& A&, C+H,C+L
AXTIEHB CAREIVEBICIEKFLAS, C+HAK
L C+LARDOMICEBEE P oTz, TOMBE L L
T, C+HEXKOEKEHEMA C+L AKX LV HZITEH,
S7cfcd, k100 g 72D DR L L TIT 2R

LN -7 D EEZ BN,

Ty PP L ERIC oW, FRBROMICE
BENEON, C+tHAEXARLEHVIREEAZRL, =
UK NTC+L AR, CARK, BAXKDIETH - 72,
KT Rt OBEUC & S OB K EE Bkt
DEVRAKEICZ LD EEZDNTEY, B KERIC K
AP EORELFRBROFERICL LD L EZ B
72o T, KBUAMBHEOKE LB WIZ L ERNE <
730 fco

HRERE 7T VFUBOENARX (C+H,C+L) T
CARRLDBECEA L, C+tHARIZC+L AKX &
HEEN 72, BRKEECEE L %572, thE
R AHEOEI &1L, C+LARIF CAR LVAEZIC
€<, C+HAKIZCARK, C+LAR - BEEENTD
L o7,

TILFBOHERLELUERORFE TILFUE
DiEbE L JUHEPp OS5 FHEIT Table 310w L 72,

fRHZ 5 % G EN TS TIVEVEOEREL, C+
H, C+LMAR & LETHRI 17~20 H) 12\ CH
BFOH (I~4H) LOEBEICHENL 2, £/, MEL
BB L, EVROEBENBEICISEELN LD - 727,

EZFN
Table 3. Digestibility of alginate and molecular weight in
feces (mean+S.D., n=6)
Diets
Alginate:
C+H C+L
Intake (g)
Day 1~4 3.33£0.1924 3.30£0.3124
Day 17~20 4.23+0.3128 3.75+0.18>8
Excretion (g)
Day 1~4 0.72+0.202A 0.50+0.184
Day 17~20 0.22+0.0928 0.07+0.03b8
Digestibility (%)
Day 1~4 78.2+6.504 94.7+2.30A
Day 17~20 84.1+6.924 98.2+0.808
Molecular weight (x 103):
Day 1~4 444 + 3324 89 £ 9hA
Day 17~20 291 + 26+~ B 75+ 4bB

Refer to Table 1 for symbols of the diets.
Horizontal (a, b) and vertical (A, B) values not shearing the same
superscript letters are significantly different (p<0.05).

FHEANCE C+HARAS C+HL AR LD ETICEH -
Too TIVEVEBOPEEEIC oW T B E L B0 @R
MRONT, TIVFVEEOBIE L PR A2 2o 7 LS
VEEOWALERLZFEL HE, C+HAR L C+L AR
DRABUIHOMALRIZ AN EFNT82%, 94.7% <, fi
BRI Z 7 84.1%, 98.2% »7r -7y C+L AKX
THEHABIA L D FBFEIOIT S DT ILF LV EBOELR
HHEBICER LD, C+H AR THEABEO & &0
BICHBZEIRO NG -7, £/, C+HARX L C
+L ARTHANS &, MEOH, WEKHLEL CHL &
Kt C+HAX L DHEREAEZICKE W EARDHL
N7z,

Ty FEFOTIVFVEEOS FREICOWT, C+H A
XOEE s LU FRERE Z N2 h 444 x 103, 291
x103, C+L ARIZZNFh 89%x 103, 75x103 T3 -
72 MRX & LFEFDT ILVFEVEEOS BT FB LN
BOTHEOM L D FECHI L, 2025 C+H AKX
OWEAEIE C+L AR LD K&Eh 572,

MESEUHBROIRERE MEEEEE % Table 4
IR L7, Mol A5a—)bé LDL-a L A5 00— L0
BIE, CREX T3 4.95 & 4.20 mmol/L T& - 7273,
C+HARTIZ3.21 & 2.15mmol/L, C+L &K Tt
3.07 & 246 mmol/L & 72V, BRKICH Iz, TIb
FUBORMEX (C+H, C+L) Z4#E 0 C AR
AN, FECMEFROK TV A7 0-—)1 3 LU LDL-
OV AT O— VB A KT S, ERETIVE B
AX (C+H) HEHE7 LF VAKX (C+L) ORIC
TEBELENAD SN -7z, HDL-a L A5 10— )L
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Table 4. Serum lipid concentration
(mean+S.D., n=6)

Diets
B C C+H C+L
Total—cholesterol (mmol/L) 2.36+0.282 4.95+1.11° 3.21+0.53¢ 3.07+0.27¢
HDL-cholesterol (mmol/L) 1.46+0.172 0.64 £0.08> 0.90+0.16¢ 0.53+0.10>
LDL—cholesterol (mmol/L) 0.90+0.262 4.31+1.13> 2.31+£0.53¢ 2.54+0.22¢
Triglyceride (mmol/L) 1.20+0.382 0.60+0.10° 0.82+£0.204 0.37+0.12¢
Phospholipid (mmol/L) 1.92+0.272 1.57+0.26° 1.88+0.102 1.25+0.22¢
Bile acid (umol/L) 13.9+6.72 22.8+10.72¢ 64.0+21.7> 23.8+£6.7¢
Refer to Table 1 for symbols of the diets.
Horizontal values not sharing the same superscript letters are significantly different (p<0.05).
Table 5. Liver lipid concentration
(mean+S.D., n=6)
Diets
B C C+H C+L
Total-lipid (mg/g) 58.5+£3.74 197.1£15.0° 116.0 +£7.9¢ 191.0+21.1b
Total-cholesterol (mg/g) 4.5+0.4a 76.3+7.9b 25.1+8.5¢ 79.0+10.6P
Triglyceride (mg/g) 13.3+2.92 38.3+£5.8> 33.0+8.8° 62.5+12.5¢
Phospholipid (mg/g) 16.5+2.32 20.6+1.7b 20.8+2.1" 25.3+5.0P

Refer to Table 1 for symbols of the diets.

Horizontal values not sharing the same superscript letters are significantly different (<0.05).

B>V TiE, C+H &KX (0.90mmol/L) 2 C+L A&
X (0.53 mmol/L) ¥ k7 C AKX (0.64 mmol/L) kb
HEILE - 72, C+L AKX S CARKOMICIHZEN %
Moty 72, CRROFYZULY FELUY VIEE
DEEIIZNFN 0.60 & 1.57 mmol/L THAHDIZH L,
C+HARKIZ#h#h 082, 1.88mmol/L ti<, C+
LAXKZZn £ 0.37, 1.25 mmol/L L {&A - /-, C+
HEROF)Z7D X2 FBEUU VIEEOEEITCA
X, C+LEXLIOVFEEICSNEAFEDHEN, C+L
fBXiF CARX I VAEEIEL - 72, BITEBEOEEE, C
+H f[X (64.0 umol/L) ¢ C+L &KX (23.8 umol/L),
CAX (22.8umol/L), BAKX (13.9umol/L) k04
FICE <, C+LARX S CAXOMICITEDL - 17,
BARXRO#EaL A5 12—, LDL-alL 25a—), A
HEOBREIEIMO 3R EVECER R L7248, Ry
7yt Y F, UVEHE, HDL-3bV 2513 —)Lit 3 #IX
L OBNETH - 7o,

HFI O NGB I % Table 5 (2R L 72, fBIEE, Bl
AT O—=IUCOWT, CRRTEHENEN 197.1, 76.3
mg/g THHOIx L, C+H AR Tt rn7Fh 116.0,
25.1mg/g, C+L AKX Cidznzh 191.0, 79.0 mg/g,
B&KX Tii#nh £ 585, 45mg/g Ch-7:, C+H
AR T C+LAK, CRR X VIFEFPOEIEE, &

oL A7Fo0— VEENEEIETFLZA, BERD
KEEITII W5, T/ C+LAEK E CARKOBIZIT
EZNE oo, U URY FEREICHOWTIE, C+H
#X (33.0mg/g) & CHK (38.3mg/g) &DEIICk
Wiz -72, C+LAKX (625mg/g) TiZC+H A
X, CARLOFRBICE MEE/RLT, U VIEEBE,

CAaKX, C+HARBIUC+LEROBICEESX,1 R
LN otc, BARKOFUZ U F L) VIEEERE
EFNFN 133, 16.5mg/g THYH, D3 AR LY
FEIERWELAT L,

HBSRE TRy Uy e TAY VR EE TR
o L 7o R R DG iR IR Plis Table 6 1R L, %
@ Oil red O TORERF G EH L Fig. 1 1R L7z, IFE
NIE O NS KE DI ER I OMREK (Fig. 1, a)
MEAY, LR Fig. 1, b) A, PEOAH
B DIz, FEMOWREERIRTSEICE PR
M HPLEIRNIER LTI < FFHCEERE L 22 la i
NT R e TAOVREEON /NS T ¢ VRIS
F0, NS T 4 ERITER SN RO ONT, EROE
b, TOZERICOWTHERN TOSmRERY 5 B
RE 5 CHITE L 72 2R & 4 T IR AT D EEP IS &
A 7p SAHBNC R oN- D5 £ BHE, —EBOFT/NED
JE0 (a) IR E D R ONI-ON + B, (F&A
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Table 6. Lipid deposition in hepatic lobule
Diets
Grade - —
B C C+H C+L
+ 4 0 0 0
+ 2 0 2 0
+ 1 0 3 0
H 0 5 1 1
it 0 1 0 5
Incidence 1/6 6/6 4/6 6/6

Refer to Table 1 for symbols of the diets.

Sum of grade 4, grade # and grade /Sum of sample

+: Small amount of vacuole was found in hepatic lobule.

+: Small amount of hepatic lobule had lipid deposition in periportal
hepatocytes.

4+: Large amount of hepatic lobule had lipid deposition in periportal
hepatocytes.

#: Lipid deposition was found in half of hepatic lobule.

#f: Lipid deposition was found throughout hepatic lobule.

Y OFINEDO RIS (a) (CBRED R SN0 #
BB, 12 A D PEDESIBHNEN RON/-D
A BERE, 138 A Y O NESEICIBIITNE R A SN
DPHWERE & Lz, BB & + BB IER e 3
RONDBEED0, HERELU EQPBNAT v FOBD
1ERDOT v F OBEICHH 5 HBERE R/, B, C,C
+H, C+L 4 ABRX OB ERITZNFN1/6,6/6, 4/
6,6/6 Th-7:, BIEETILF BA (C+H) L5
FFIE T ORERG I BHMHS R A RD S, ARFE T ILF
Mt (C+L) TRIDLI2HHREVLRONL LT,
FICAT FFV v e LAY VR THE S h-Z=2an
Oilred OFeEIC L DRk < b BN, BIHAE TH 5 C
LR SNz, BRRKOKNEICIHIBIHIE T LA
FHeNVWOICK L (Fig. 1, B), CAERXIC L
Wk (b) £ T+RTOFMICHREROIBE OWE 7R
BHHn7 s (Fig. 1, C), BHETILVFVEEEZRMLAC
+HAX TEFNEO RIMIR (a) BSOS L8
BINABEASRSHH, KEETILVEVBANA
(C+L) TlHTOXLDIBEBEMERON P -7,

BIBHEEY R OB () Ol EFHEIL Fig. 2
R 7o, 2L ZAFa—IVERX (C) LN, SRET
WEVEERER (C+H) GRIBRETOMIaF O3
Bailz, BEIHALIENPHALL LR, EBHRE
TEVEBREX (C+L) TEIo LD MRk
o 71’0

F70, ODIEABIROEBIRICOWTBEL/ LA,
4 B & b IMEREORRBFIREIL RO N h - 7,

1 £®

IKEEVESRBAECBE & BT EIC DVl ShETE
(CBE RRER O M R L L TTRE SN TE S, )

Wei, #HiL, #K

HOOE A~ HLEREHLERNTT v FORRA
R RETEELBRAL, BROPETFAL Y %
Ty MICEG L CBORE S ORI AT/, Thb
@Mn#%@kﬁ%®m%iﬁ%mﬁiﬁ%ﬁ%&%ﬁ
B 2, Gk IO ENECRKE FMEMRY D
CENRED NI, TIVFE VBRI i%%&%@ﬁ@ﬁﬁ%ﬁaﬂﬁﬁ
O—FC, Kb TEETHEBROEGHES THH720H
B FHEYOMBESER L Bir b0 VBRI EL, O
OB ARSI kT ARSI N TV A, L L
G, KEORL LTIV VERIC K HEBESROE
KoWTHEDELOBEFHIEIN T anr- /o, AH
SIMBERES LUBKEOT VE VBT T v HICH
AR (7 HED &5 L C, MERORaV AT —ILE
FUMV 7YY FRECEVCEREL /o, kS
BV, BRET7ILVEVBRICLAMEOTV AT

o —)L FRIMFISRASEBEICR N/, ERET ILF
VBT K BRIV %oh&#qkkﬁﬁbfwgo_
DX EIHM OB 510 L AFER LN, KB
@W3%®ﬂﬁ(maﬁ)mﬁﬁbivﬁﬁﬁ7w¥
VBEh Ty FICERELTo, TOR, SRET LY B
ﬁE(C+H)%ﬁﬁF 7IVE VR (C+L) [ XFEER
25y FUEHROI LV ATFO—VBEAEEICET S8
AHZ ENEDH SN/ (Table 4), TOERMG, ERE

TIOVEVEEERE T OVE VR DR CIAR CiliED o
U AFE—)U RIS R AR, SHE T IV EEH
SR AR E TITIE S BICKED D B Z &5 7r o 72,
Rudel et al.'® (L MiEH O LDL-a L A5 0 — LR 7T F
O — ABARBELIC S < BEST 5 LG L TWw A0,
A DFER F EHETEET L &, BRE T ILY VERITE
BIRS, BT L VBRI RSN T A5 2 & T
7 73— ABREL O F B R0 T OWIH s & D AR
SN5b, BEEWMYIZE TN A KEERWBH O DO
B kB oT, RELET T —HLOHS
SRR T —H A RO L AT O — )L
BT X5 LABRNTED, %7 Sugano et al?0{3F +
SN K AMETCOa L AT H— )UK TFRIRSF Y
DORE LEBIRTH A EMEL T 5, BROKEER
WBRED 7 IV VEEIC L AMB O L AT O — )D&
1%, BE R OKBERYBHED 7T — T LF Y
LITIERROMEA S D B T ERD D - T,

—F, EEKEEAEDBIEONENPRES 2 LTl
T, FEORERBICRITTEEIC >V TomEIT £
R4/ 5700, KROS5 v PO ViR LU %
OB OBEREEL O, BHET IVF VBRI T
OFE LAMERES S0, BEBETILFEVEBLIZO L
SIERNBEMIT T EHBOBN, BRET IV UL
EHGE 7 L F VEBOFBIREEROMEDHRICKN & uE
PR L 7o, B B O KB REHEE TV 7R EF
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Fig. 1. Staining of liver tissue slice (Red oil stain). a: Peribiliary portal vessels, b: Central vein. Refer to Table 1 for symbols of the
diets.

Fig. 2. Staining of adrenal tissue slice (Red oil stain). d: Adrenal medulla, e: Adrenal cortex. Refer to Table 1 for symbols of the
diets.
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h”@ﬁ%fi T —=HADPHETOa L A5 n—
B HBEIE RN, 7T —0 LOWR5 55 8
iu@ KO PR A RS 72 - /oo —7, Sugano
et al 29[ TRKGE & O VB ERE S v S RIRRICHT
Toal AFo—)L ERMEZIRERL 7 EHMEL
Joo FRROFERMNL, TUFVEBEF TV EREY,
TT = L FERROE & LD IFROIRE RS R
525EEZ N5, ¥ENRLLZ LIk AFEIRE
R OEAIZ DT, Johnson ef al.2V 3 EXEE D 7
T LEREG ORI E LY, EBWEOCT S5V T
LATE BRI P9 5 R AR IS i & B 2 B, B
BRVE D KEVE RSB X DA ENE L D & R
LTwb, TOMIZEBE, KFFFRICHW/EEE T L
FUBBLUREOYAKRH LT T —H LD 545
IS T EPDS In- 7o, BREYBL THS
WM 5 2, FRIC a2V A5 — e &S
WALV E N HEYE 2B BB LEEZLND
@%@&E%H#JUZTD“W®ﬁﬁ$W%/%%
W H7, KPHETHLEIR O REMS ORI >
WU HEZE LA (Fig. 2), FFEMAHE TR O N &Rk
2, C+HARR Tk CAK XV EEH 5 ORIV
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