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Influences of Increased Viscosity of Gastrointestinal Contents Due to
Cellulose Intake on the Structure and Function of Digestive Organs in Rats

Natsumi Yamanaka and Noriko Ocawa

Faculty of Home Economics, Gifu Women’s University, Gifu 501-2592

Male Wistar rats were fed on a diet containing no, 11% or 13% cellulose for 4 weeks. The viscosity
of the small intestinal contents of the rats fed on the diet containing 13% cellulose was 2,566 cP, which
was significantly higher than the 667 cP in the control group fed on the diet with no cellulose. The re-
spective viscosities of the cecal contents of the rats fed on the diets containing 11% and 13% cellulose
were 6,098 cP and 6,345 cP, respectively, significantly higher than the 1,307 cP of the control group. The
respective cecal tissue weights of the rats fed on the diets containing no, 11% and 13% cellulose were
0.74 g, 0.87 g and 0.77 g. The cecal tissue weight of the rats fed with cellulose was higher than the con-
trol value, and was positively correlated with the viscosity of the cecal contents. The concentrations of
acetic, propionic and n-butyric acid in the cecal contents of the rats fed with cellulose were lower than
the control values. It seems that the increased viscosity of the cecal contents suppressed cecal fermen-
tation, although the increased viscosity of the small intestinal contents had no effect on the apparent
digestibility of protein, lipid and carbohydrate.

(Received December 9, 2005; Accepted in revised form March 4, 2006)

Keywords: cellulose )L 10— X, gastrointestinal contents H{LEMNZEY, viscosity K, gas-
trointestinal tissue {HILE#LEE, apparent digestibility A 2T DHILE, cecal fermentation B
MEEE.

1. # EEINBEEZOLNLIEND, X THEWEOE

Wl

LRI S N2 WEWIRHEDE: 4 7 A BRARE % & 7
LIERDOVEDE LT, BEYHBHEDERIIE > TH
ILERNBD DR RAM: 2 & OB MEIRAZELT
BIePEZONS., FEELIZINETIC, KBEUE
WBMETH LTIV VBEEL AN TORY (LT,
AR THAEME LT 5) FRBEL, ZOEBRUILED
HILBEANBWOREOEILSTHILE OBREIZ5- 2 5 ¥
BEAREFLTE Z0O8E, SVa—RLLbiR
B TR E R B X5 v M TRIEED LR
MlE sz E%2BHS 22 L7 (Yamanaka er al
2000). A A THMEYBEICEZTLVEF VBT 0%E TR
(e &/ 1998), ESICHMEED 7L TV

(239)

BIZ & o THILENBEDOREN LA L, FVva—2A
ORI I Nz ZBZ ON F72, A THE
WEOEIUIE ) ERNEY ORE LRI HPAHE I
IAREBEELIHIT A L 2Rl (L% 2002),
THILE RS ORMES R ER DOHEILRIN R B FEEEIC
REBTAHZEEHLMCL.
HLBENEYOREY LA SEAERL LT, Th
ITBLIIKBEEYBEOMEINER IR TE
(FRE LML 1995). L2 L, HILERCBITARE
BHOERKNFOFED, AEYOKELZ LA IESLZ
& %% 2 51 (Takahashi and Sakata 2002), A&
P AR DB X o T O HLEREY OREH L

41

NI | -El ectronic Library Service



Japan soci ety of Home Economics

BARFBFE&EE Vol 57 No. 4 (2006)

FL, NEBEWERMEOETRBEEICES LA TTHE
UhHb. £ TABUEYHHETCHL VD - %
BREETy McBWT, HILEREDORE % H
EFELIER, 8, ME, EBASTYOREREIZ IV
0—2DFBRIUZL > THEE D, NEEEWEHEDEI
E > THHILEARYOMENF LA T LI L 2L
M L7 (B 2003).

—%, tra—2X0BRUIHEILERBGEZIEASE S
ZENHLNRTWS (B’ 1995). THEARHLMED
wim, 2V EMLENTHOEIKET S (A%
1981) & &NTWVBA, FHMAR AN =X LITHSL »IC
ENTELT, NEWOKE LR b HILERBROTRE
TALWCEES LT AR EZ SNA. F/2, U
O — A2 & % MAEME < ML s B O R MHR)RTKE
HEWBHEICHRTENE SNTWAEHD E 1998),

2 CEMETIE, A — A0/EUEED HLE
NEMORE LR EHILEO BRI L OBELHS
PCTBHIEEEHME LT, HILtEORBEMLOIEE
ELTHLENGERZRIE L, ARYORE LR %
LUNCEOHINE OMBEFAR. X HICHAEYORS
B LEANELEOREICRIZTRERLELT, %7
B, FRE, BEOANTOHEILELR L NICERNAEE
CRIZTEEBLERANSEARRRIBE D SR

2. 5 &
(1) fAkMEL
SRR (B8 2003) LEMEOI—V R
y—F L hEA U EFEARETHEHEALL L (Table
1), Eroa—XRMEEER (BHE% 2003) B0
THEEZ 5 CIHILENEY IHBE LR PR b

AREEEWEHEOBIUCE S HILBENEY ORE LA 11%7% 512 13% (BLF, 11%tnro— Af{#, 13
DRBEZROHIBIUAT S P OFEBEE L /6T &8 %Era—2f T 3) L chbobEla—
HEINS. ARINEZ, ABEBEEORLR D A 7 7THEWE OB

LU — A% EORBEREYEMEL, MEYHRaEED
RS L LCHERCTE, RYE 0% oYt
ERCETh (BE 1995), KEGEWEE T
BIEN S (B - FERERITAS 2003). TENE
HYIRAHEDS & I T A MO KEROBEALRIUZ G
RAAEBLELTIFDAN AL EHLPIZTHI L
i, FENREDEETECRRLBORMEAAED
B O EERREFMI B TAIYRTHY, &
512, NEMEWEHELY ECREMHOBIUC X - TlD
FEZOBHARNEZRHTEXLREELEZELLONS.

NEBNREBAEICH - L AHELR LAER (1L
hE 2002) CTHWHEMEOMEIILHDLETRE
L7z, T4bb, SOCTHREL-HMUMEORER
IOCTHRBELHEWEICHTHE (p<0.01) I
KENFEL, 5 13% %52 11%ervE— A
KBBROMEICHY TS, EVO—A 28T HhVE
HRMEREL (DT, MRS L T5) dtvu—X%& s
BEICERLL. RAEHNIEERD 2BOKRERML TR—
A MRIZL, BEORLAZIRETT v MIENRIE/.
¥/, REZOADPITOHEFL RO LHEEL LTI

Table 1. Composition of control and experimental diets
(g/100 g)
Control 1% 13%
cellulose cellulose
Cellulose powder 0.0 11.0 13.0
Sucrose 13.3 2.3 0.3
a-Cornstarch 54.4 54 .4 54.4
Casein 20.0 20.0 20.0
L-Cystine 0.3 0.3 0.3
Soybean oil 7.0 7.0 7.0
AIN-93G mineral mixture 3.5 3.5 3.5
AIN-93 vitamin mixture 1.0 1.0 1.0
Choline bitartrate 0.25 0.25 0.25
tert-Butylhydroquinone 0.0014 0.0014 0.0014
Chromium oxide 0.2 0.2 0.2
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BB BECHERT 1% Vo — A8, 13%
o —ABOF Ko7, FAEHESOKERM
BB 17l g, 11% L a— 2B 156g, 13%t
Vu—2A#160g THY, MEEICHTIL% LV
O— RE, 13% N0 —ABEOF KD 7208, BE
H, FEMINEL D ICEEBICEEREIRD LN Do
7=, SURHEBEUE IxTHREE 1,836 g, 11% kLo —2E
2,004 g, 13% N a—RE2,103gTHY, 13% LN
O—ZABEBEICERTAEE (p<0.05) CHEE
WENE o7z, FRENE 1gH/2) OEERNE
PR ERREEIT, 13% L O — R ERE T RE
BEICERTEE (p<0.05) IfE» o7z,
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(2) EALENEHOREE (Table 3)
BAEMORER, I, EBARYOREIZHAN
TEL, 3BMICAEEERRO LD o7, /MEA
BYOREEIFE~DOL LT — ABRMEIEL &A1
ohTEmL, FRED667cP IIxL 13% L a—
ABETIZ2,566cP & 2 W BHEE (p<0.05) RDOH
n7:. EBARBEYOREIX, 11% o — AR
6,098 cP, 13% -t 11— AEEHT6,345¢P T, & ikt
BE®D 1,307 cP ICHRTHEE (p<0.05) &<, &
ME—ZADERUZ L > TEBABEWOMENE %5
T EDRENTIZ. 2 LABOIOKER, HILE O
DE, LVO—ADRMEDOLE, 2o TIZInb
DREERITVTNIEE (p<0.01) THhol:.

3) HILENEMEE (Tabled)
BLEBRONEWERIIIBEMCEEEERDON

Table 2. Effects of dietary cellulose on body weight gain and food intake in rats

Dietary groups

Control 11% cellulose 13% cellulose
Initial body weight (g) 199452 200+3? 199+12
Final body weight (g) 370+£34% 3554222 359+ 142
Body weight gain (g/4 weeks) 171+31°% 156212 160+15*
Food intake (g/4 weeks) 1,836+173° 2,004 +119% 2,103+85°

Food efficiency*'

0.093+0.010°

0.077+0.007%° 0.076+0.007

Values are means=+S.D. of four rats. *® The means in a row not sharing a common super-
script differ significantly from the other dietary groups (p<0.05) using Tukey’s multiple-
comparison test. *'Body weight gain (g)/Food intake (g).

Table 3. Effects of dietary cellulose on viscosity of gastrointestinal contents in rats
(cP)

Dietary groups

Control 11% cellulose 13% cellulose
Stomach 429+166* 35942052 346+171%
Small intestine 667 +35 1,482+£312% 2,566+974°
Cecum 1,307 +583? 6,098 +2,326° 6,345+2,442°

Results of two-way analysis of variance

Effect Error probability
Intestinal segment <0.01
Cellulose <0.01
Interaction (segment X cellulose) <0.01

Values are means+S.D. of four rats. *® The means in a row not sharing a common super-
script differ significantly from the other dietary groups (p<0.05) using Tukey’s multiple-
comparison test.
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Table 4. Effects of dietary cellulose on weight of gastrointestinal contents in rats

(2)
Dietary group
Control 11% cellulose 13% cellulose
Stomach 3.55+3.06% 7.95+3.98? 7.40+2.38%
Small intestine 1.20+0.522 1.87+£1.04%° 2.67+0.23°
Cecum 2.75+1.03% 3.58+0.31* 3.40+0.87°
Colon 0.81+0.38° 1.50+0.23% 2.02+0.83°

Results of two-way analysis of variance

Effect Error probability
Intestinal segment <0.01
Cellulose <0.01
Interaction (segment X cellulose) >0.2

Values are means+S.D. of four rats. *® The means in a row not sharing a common super-
script differ significantly from the other dietary groups (p<0.05) using Tukey’s multiple-
comparison test.

Table 5. Effects of dietary cellulose on tissue weight of gastrointestinal segments in rats

(2)

Dietary group

Control 11% cellulose 13% cellulose
Stomach 1.2940.07% 1.37£0.18* 1.3840.09°
Small intestine 5.70+0.75° 5.05+0.28 5.8141.04°
Cecum 0.74+0.05* 0.87+£0.03° 0.7740.08%
Proximal colon 0.40+0.08% 0.32+0.06% 0.36+0.10°
Distal colon 0.59+0.14 1.10£0.07° 1.1240.18°

Results of two-way analysis of variance

Effect Error probability
Intestinal segment <0.01
Cellulose >0.3
Interaction (segment X cellulose) >0.05

Values are means+S.D. of four rats. *” The means in a row not sharing a common superscript
differ significantly from the other dietary groups (p<0.05) using Tukey’s multiple-comparison
test.

Lol NGOAEMERIIANEE1.20g, 11% L A, XELERRRD LNk o 7z,
VO —-ZABE1.87g 13% L O—RABE2.67g EEBO (4) HILEHREER (Tables)

NEMERIIEE0.81g, 11%trO— 2B 1.50g, B, MpioicEfERICBYTE, Era—2
13% Vo —282.02g¢%h, wFhdtro-— BRI EBECHBEEOTILIIEZEO O NG o 72,

ADFEMECABEHEELS ML, FEHEL 13% BEHAGERI11% v o— 28D 0.87 g L xRBE
VO -ABOBIZEEZE (p<0.05) RO LN D0.74 g CHEZE (p<0.05) PROSNTz. EIKE
GBI ORER, HILBEOWMMDE Y, Ero— B OMBES I IXEEEN0.59g THo2DIZHF L,

ADBRMBOFEIILDIEE (p<0.01) THho7: 1%t —ABETIX1.10g, 13%tro—2ABTIE
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1.12g ¢ %D, T —XA0BRICI VAR (p<
0.01) (ML 7. 2 EABAOMR, HILEOR
MOBEWICEZ2HBEBIEE (p<0.01) THoZA*
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(5) BEBNBEWHOEHELEE (Table 6)
WENOEHEIEEED Lo — A0\ X o Tik
EAMET L7:. BEBRIINEREED 84.40 mMm (2HX, 11
%N — ABEH66.23mM, 13% LT — XEEH
58.29mM L HE (p<0.05) IZIETF L7z, FEARIC n-
EEEE D P HEEE 31.21 mM, 11% )V 0 — R EE 18.97 mMm,
13% o — 2 1848 mm T, xEEEL 11%% 56T
2 13% v —ABOMICEEZE (p<0.05) 298D
S, FubF rEiLa— ADOBRE ISV
B2 16.58 mM, 11% -t o— A8 10.72mMm, 13%t
Va—2B5.8ImM DIEIIET L, SHEMICEEE
(p<0.05) ARERDHLNT:.

(6) KEEDAPITOHEILE (Table7)
FUNIEERBEOEHAARIIEHEL I 9% E
96% TIZIZEMETH o 7. FAK{IEBOELRIT VT —
ADEEUZE > TETL, xBED 99.0% & 11% ¢
Vo — BN 82.3%% 5 I 13% v — AFD
81.0%DMICEEZE (p<0.01) FREDLMT.
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L a— ZARMEAROBRICL Y, BRNEYORE
IZBLIR A S D o728, /NE L ERNEY ORE
G ER L NERABRYOREFER~NOE VT — 2
RN » THHEREE, 11% -k o— A8, 13% -+
O— ABONEIZEIML7-2Dx L, EBNEWORE
BANBEABEYORE EREICHN11% v — A B,
13% o — AL HICEEICHEMLA. 2885
HOKR, HILBEOIWADOE N L L0 —ZADRME
OREEHBAEETH), Eru—A0OBRIHEY
DREICE 2 B8, HLEOEAICE > TREZS
ZEDRENT.

0 — ARMEEOBEU: 5 N2 —AEM
BEOBVIZE > TERABRYORENE L 2ho 2R
BE LT, tha—AUHNORBEZOLENEZ LN
7. A=V AF—F, h¥AL OFEBMBIEE 4544
%, 20.0%TELu—ALhbEL, HILBATT%
BRNEWICBW TR IS OEFFRSVHEY LA
L2-WREER#E L ONA, THICH L, ERREEN
BRI E N HOEB T, L o—X0FEIH
BYOMEICRESEEBL-EEZONS, MEWNE
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BEBARYOMEOHBOMEE L 1, REZOMHILR

Table 6. Effects of dietary cellulose on cecal organic acid concentrations in rats

(mm)

Dietary group

Control 11% cellulose 13% cellulose
Acetic acid 84.40+2.19* 66.23+5.81° 58.20+12.58"
Propionic acid 16.58£0.60% 10.72+2.18° 5.81+0.65°
n-Butyric acid 31.2145.04* 18.97+1.82° 18.48+2.80°

Values are means+S.D. of four rats. *>¢ The means in a row not sharing a common superscript dif-
fer significantly from the other dietary groups (p<0.05) using Tukey’s multiple-comparison test.

Table 7. Effects of dietary cellulose on apparent digestibilities in rats

(%)

Dietary group

Control 11% cellulose 13% cellulose
Protein 94.5+1.2% 94.1+£1.5% 94.6+1.07
Lipid 96.6£0.5 95.5+0.8* 05.6+1.2%
Carbohydrate 99.0+0.1° 82.3+3.2° 81.0+4.7°

Values are means+S.D. of four rats. *® The means in a row not sharing a common super-
script differ significantly from the other dietary groups (p<0.05) using Tukey’s multiple-

comparison test.
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HIZOWTRARHETH L. FHMICBIT2REYHD
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BOHERIIAF BN 11% % 52 13% 2o —
ABRTHEEIETLZ2S, #RLzEVD—2HED
HILESZE L TWAEEEZ LN, 22T, ENL
oo -3 EEERICHRESN S LIKEL, FE
ANDENLVT - AFMEEE D LRz o NS
DEEEENPLE VT — R ZELFWTHEHEDH{LX
YEHBTAE, FOFYELERREIZ 1% VO —
AB09.3+3.9%, 13% -t u— 2B 102.0+6.0% &
oz, 13% NI — AR TIEFEHMHEDT 100% % 48 2
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2o Az
FREE

HAREK

ARSI A E BB TR o, V- %
ZLBW/EE OB LRIZW TN O AR L EPRO
ShY, BEEOMBARIZS VO —ADBIUILE

LiEnZ EdRENT.

KB AWM BEUIE S NENBEY ORE L7
X, BEESRHLBEROLESEHE L TR
BBICL, S5INEHENOHELERDORED B
LB LI DEBEROHMRNELETEEL L
Erz6NTW5a (Ml 1993). LA L, REEEWE
HTH DN T— ZADBEUC X B/NGAEYOREE L
RIIFBREOHLRIUCKEEBE 52 eho/z. B —
AD 11, 13%KBBBEROKE X, KEUEWBMED
FTVEVEF M) Y ATIEE~40.3, 0.5%KBBEDOKE
BICHNST S, ThiD, NEEEWEHEC X 5HL
BEARYORE LR IIKBERYME I TRED
INE L, REBRSATRHARINICE 2 5 LBFRD
SNGhol=lEREILNE. 612, KEEEY
BAHEDTKICBRT A Z LI BRI, RBEER
WIBEDS BT F & L CARICOELT 5 2 & 12fE ) REEE
BT}, FEEPHICEREOUBICE 2 L EENE
0, REMEWEBHEICIERTKREEOFPEINLD
EBOBENREIRENIEHEILND,

—FT, BEREZEOAPITOHARIIZEVD— X
BROEBIRD LN o208, KREROHLHIX
BRIV — AERUZ X o TELL TR X
HHrLEZOLND.

ERABRY T OARERBE L, B, TUEL VR,

BEEE DIV —ADEBRIC Lo TETLA. BB
WA R OA BB X, EERE & RIERE D>
HVTHRTFLZ LD, LLO—ADBRUIL > TH
BEREDMET & 5 VIR A L&/ U - TREME AR
xh7:. HEBEREYOWENMEROEILE L T3HEE
ERPBOHLNTEY, MELLLER oty
B, FAERBEOMBAREIEL 4 —0.74, —0.76,
—0.76 TH Y, WTFhIFE (p<0.05) ZEDMHE
MHREB LN, AEWORE EREFRIGEE % L7 &
DI LREZICL VI EDRLS, NEYORE RIS
S BRBEOIBMELR L2 LY, HREERDEREREN
ETL-WRESEVEEL LN EBREZYOE
bl a— ZDEEUMECEINT 2ERASALNRIZZ
Lah, BREMHOELT—Z (B 2000) PEBN
CHEETAZ LX) BEBRESHFREN, £EEE
MMEF LTRSS EZ R LAL, AEPWOE
LREBIRIEE L OMBEREIZE 4 —0.37, —0.54,
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—0.03 L&D 7. BEBABEWORE & FERERIRE
WCREELZAOHEE RO SN0 L, EBAE
WOERR L ARBIERE I CIIHBEEIRDO W ez Z
Eon, AERECETRIEBAZTYOEDOHEMLY
LIE LR L OEENBWVI LRI N,

F72, KBICREBEESEBHRICKBICKATS L,
HLEER ANy WD EE, ERMINTHEY D pH #3%F
L BT LA RO EESIHI SN BE0H 5
(BE&E 1998). RO FETCERNEYHOALR
ORI anyBigE2AE LR, BRI
127.15mM, 11% -t o — R B 143.25 mm, 13% LV
T — ZEE79.09 mM, I BRIEEREE 16.22 mM, 11
%t a—ABE7.97mM, 13% )V H—AF 0.53 mM
THhot. WTFhLEEEITRE (ERICAREIR
, kro—AEBBROEBIROONE, o7,

IHSDOERENS, au—ABIUIE) BEBEAE
POKELRIZE 5T, AREROEEREIET L
PREEDSHIFI SN Z &R I N7z,

L IIKBHEYBETHLT VY VBEEDA
B TEEWE OBEAT v P OBEBRMEIC L 5 EE
BEAHHTAZLZHLMILTWVS (IS
2002). AT —RDEBERAREZEDOHILBIICS 2
LEBIIKEMEYBMEL B2 b LPRB I NI,
OFBEEIBLRINENBOERTIE, tro—
AHERETF L LTKRICHET 5 Z L ICE) EER
A, KICHERRT B AREEAEWEHE L ARICERNER
PHHIT L Z AR ENT.

PEOERLY, o — 20BN BEBAE
WORE FAFEBEBGIRAKOERE ZoTWHI L
ARENTz. N L EBNEY ORI LA ZRERD
LR ER (X BB % RIZ S o 72k, BNTEEE
PHEIT A EARENS. INE T, KETEYHE
MIZoWTIE, FOBBURE) HILBERBTYOMELE
AAFEZEOMRNEELR EOEBREOE 2 RE
LEZOLNTELD, MEMEWEMEICB W THHL
EHNAEY O LR, HILEAROLEERILPEN
BB L Vo R EHEBREOBEELERE 2 oTWA
ZEHIREE .

5.8 #

v — ADBBUIE ) HLENEY OREE LR,
LT L BB 5 2 A RHBIZOPWVWT Ty b2 H
W ERIZ X VRS L 7.

(1) Ero—ZOERUZ & Y/ L BB OR
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VO — ZOFEUNED) BILEABTYOME LR v F OHELEDOTERE EREEICS R 58

EXNLEALL. MNEABYORE RFR~O LT —
ARMEIRE - T BB, 11%Ero— A8, 13%+t
VO —ABONEIZHEIL 70123 L, BRAEY O
i, 11%+tro— A8, 13%tro—2#E b
B ICHCBEE ML, DMBEERICBVLTIE
v a—2AQFEIUMME VAR OBEOREINAFRD L
7.

(2) BBEHGESII VO —ZA0ERUC L - THEmM
L, NEMOKE L OMBEREIZ0.67 THDY, AR
YWEETLHLLE L OMEBERKD 0.21 TERTEP? o
7z, bnvo—ZOEBEUHE D EREBROBELRLE,
AEYOZEORME ) bRE ALY RELZER L
o TWATREMAITRENT:. MEIZBVWTIIHEY
DREE LR 2 5 ICE DM 6 /o, HiGE
BICIIAELREIED O N7,

(3) SRR LZLIHER, Y308, REDA
P OELERIL, WThOFKEFRICH LT — XEEL
DEBITDO LN o7 MNEREWIZ VT — X
DEBRUZ L VHEE LR % S ICE DI ERD b/
A, TheORFEYOWENMEROZEIZ/NERN TR
CHREBEROHMBIUCIIHEEB L o

(4) EBRNEYSROBREEE, TuvYd VB, BERERE
BELo—Z20EIUC L > TR T L, BAREDHIH
ENTWBLZLIRENT:. BEBNBEYORE L KE
BERE I CIZEOMBENED LN, LV —-RAITER
NEWOREZ LRI LICL ) EBAREELH
fFs PRI NT.

DEORR LY, TNEEEWHMEOBRIUE HIL
BNEWORKE LAY, HILEREOEEBEILLBERN
B E Vo EEBROBEELER L 2o TS
AR ST

EEBOKITIIH ) THREB Y LEESEA
RIS CEHE L. AR —86I,
B FIE A BB 204 & BB SR B H T, 14 4R S22

(247)

HEBIBEIC L > TiTbh -2 L &4
ICHRHBL T

FLL, BRES
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