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The Effect of Dietary Fiber Feeding on Gastrointestinal Functions
and Lipid and Glucose Metabolism in Streptozotocin-induced Diabetic Rats
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ABSTRACT

This study was conducted to compare the eftects of four types of dietary fiber supplementations
(cellulose, pectin, guar gum, and polydexirose) on gastrointestinal function, diabetic symptom
amelioration and lipid & glucose metabolism in streptozotocin-induced diabetic rats. Six groups
of male rats were fed ad libitum dietary fiber-free control diet or one of experimental diets
containing 5% dietary fiber for four weeks. All types of dietary fiber supplementation seemed
to protect the diabetic animals from the loss of body weight.

The primary diabetic symptoms such as polydipsia, polyphasia, polyuria and urinary glucose
excretion were ameliorated by cellulose, pectin, and guar gurn, but not by polydextrose.

Gastrointestinal transit time was significantly shortened and fecal dry weight was significantly
increased in all the dietary fiber—supplemented groups except the polydextrose group. Large
intestine was significantly lengthened by dietary fiber feeding. The fecal crude fat excretion
was considerably increased only by pectin and guar gum. The serum triglyceride and total
cholesterol levels were effectively lowercd by pectin, guar gum and polydextrose. Regardless
of their types, the fiber supplementation had no effect on serum HDL-cholesterol. Whereas
fasting blood glucose level was significantly lowered by all types of fiber supplementations,
glucose tolerance was more effectively improved by pectin and guar gum.

KEY WORDS : dietary fiber * diabetic rat * GI function * glucose tolerance * serum lipids.
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1. HESE % 4o|

AE 2199 Sprague Dawleyd +7 83 60m}
2 & AF 200z =] A5FAE 4 9714 pel-
le® THARZ AMSE UhE control diet(dietary
fiber free)2 153 A&AIZ] F Hg AFo) &
AFBHES group® 10vHe] ¥ 6722 Wit &
AdTe e (1) AT, control diet (2) W
=T, conwol diet (8) Bx, cellulose diet (4)
Fr, pectin diet (5) FieT, guar gum diet (6)
P, polydextrose diet® 3HgQTh

B AP A8 2ole] T4 AE-2 Table 17}
2ol fzAL Yol Fl7boli, AP YL cel-
lulose, guar gum, pectin, polydexwose® 27t 5%
FEO.Z XA FTS Aol A 4
HHo 2 FuYdHE FES T F2AHd AL
sHth. A 4o A7 4F P AF A7)
B¢ Aol B2 AT glol MHASER Iy
(Table 1).

2. Ay

1) Yo Rrel X|Fviste| 59

AP e §o AF A BT FEA saep-
tozotocin(50mg/kg BW)& dhE]¥ 8o 13 F
Aoz dEAo s FulE 28t Stre
ptozotocin 0.1M citric acid buffer(pH 4.5) &4
S A A AL8H L BT FFY ciic acid(0.
IM, pH 4.5)89 & FAEIET D] e
streptozotocin FAF 24A)17F 3 FEAe o)A e
Aoz ny AYso FE A F 0] 180
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Table 1. Composition of experimental diets

Experimental diets (%)

Ingredients Control diet

(%) Cellulose Pectin Guar gum Polydextrose
Corn starch 20 15 15 15 15
Casein 20 20 20 20 20
Com ail 8 8 8 8 8
Sucrose 47 47 47 47 47
Vitamin mix! 1 1 1 1 1
Mineral mix? 8.5 8.5 3.5 3.5 3.5
Choline chloride 0.2 0.2 0.2 0.2 0.2
DL-Methionine 0.3 0.3 0.3 0.3 0.3
Cellulose 5
Pectin 5
Guar gum 5
Polydextrose 5

1) AIN-76 Vitamin mix(g/kg mix) : thiamin - HCl 0.6, riboflavin 0.6, pyridoxine * HCI 0.7, nicotinic acid
3, D-calcium patothenate 1.6, folic acid 0.2, D-biotin 0.02, cyanocobalamin 0.001, retinyl palmitate 0.8(500,
0001U/g), dl-a-tocopheryl acetate 20(2501U/g), cholecalciferol 0.00025, menaquinone 0.005

2) AIN-76 Mineral mix(g/kg mix) I CaHPO, 500, NaCl 74, K citrate monohydraie 220, K804 52, MgO
24, Mn carbohydraie 3.5, Fe citrate 6.0, Zn carbonate 1.6, Cu carbonate 0.3, KIO; 0.01, NazSeO3 - 5H,0

0.01, CrK(504); - 12H,0, 0.55, sucrose 118

mg/dl o] F v Fre] ftE Ao g 7HF38]
ot 899 $4 £ Dextrometer(AMES, Kyoto dachii
kaguko Co. japan)E AH&-5FF ).

HAE4 MALE 0 day2 B 130} EBE
AFAZ NS Gof FALE FEINA F
29 AF W s Hwstgoh

2) & S1tAZH Gastrointestina! transit time) )
=5

MarkerZ2 A}-8-%F carmine red(Aldrich Chern. Co.
USA)E 05% 9 B =& 2 @44 F7laled 43
1047 Fostn P Al7l markerd] W3 WM&
48A17 T A Zsgvk. A¥4A Fo A=Az
marker7} ¥ Fo A& YEI|ZAR A7 3
Ag & BHAez 9.

3) EaEMe £F

A2 o] 3o BEL 48A7FCL SrlEly
HAF cages] $83e) 2 G %] Holoh L ad
libitm ©. 2 Faigtgeh. Ho] B £R o) Fojw
e e} Apol7 B 1Y BT Ao HHF, T8

AAZFE FA5MAT. =l e A cage 2 FH
TAE = 232 19 AT 100gF HEAFLE
A 1Y =F F9 vl 4L Glucose Analyzer
(YSI, 2300 STAT, US.A)E ©]&3he] AzFslHth

X

4) _,_l='|:l1_|_Axl al =y Ex _,_A_,_E‘QE'.I'-'I} xxll:uo
=
=S

13

@ He] 3FH e AL cagedl) ) 4341F <L ol
HA5e dg o5 284 £33 FA) wet wei-
ghtE A &8 & —5Co A FFo) 28 Q742 Y §
AEAZ] H dry weight® A T3 wet weight} 2]
zolg FRFgFOR P B F 2ALEFL
W% AFAZ 29 158 ABRE & soxhle F
29196 2)8) 16417 o]} &8t FFIAT

5) ZF S5t ZAHOral glucose tolerance test,
OGTT)

AR Fol 4376 20417t AA A7 F ;e
AHox] MY FE A FF FES FHS
F 50% L= 8-9(0.1g glucose/ 100g BW)Z in-
tbaton wbes AM&3te] 77 T3} 50, 60, 120,
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el Bt B tzTe] A7 F
B 155g9] AT F7HE B H&tﬂ FuRTe
H 1.8g9] AFE Z4AE WHL, B cellulose
B pectini©] 27} Hit 30g, 40g—4 ANE e
3% guar gumir ¥ polydextroseTo] ZHzt 1.6g, 4.6
gl AF F71E EYth B8 B EL AT
vjg] foHez do AF Zr18S vehyon
(P<C0.05) ©]¥ Preston®, Odaka 522, Furuse $23)
9] HAPolA sweptozotocin-F %= B e FA o]
"A3 Fastd AP A7 gojddin Bad
Adet gx 9] FR7F AF dstel

=g
HlAE dge %942—1‘{1 i}‘ﬂ%— UEE & AN
O = £

é 47}
of o] dg 4 1'1-04717} Tt A Fe Halrt A
A2l cellulose®} pectin FolTE AF "—7]'5'
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B9 AF £48 A== WA= F—-‘Jr% 7t
Aa & 5 AdHTable 2).

Table 2. Body weight and body weight gain in normal and diabetic rats

Inital body weight

Groups

Final body weight Body weight gain

(g)
Normal control(n=8§) 242 40+ 10.34"
Diabetic control(n=17) 238.20+ 7.48
Diabetc cellulose(n=10) 242,10 5.69
Diabetic pectin(n=10) 258.80% 6.86
Diabetic guar gurn(n=10) 236.40% 6.64
Diabetic polydextrose(n=38) 242,00 6.46

(p (g/28day)
397.50% 10.982 155.581 18.802
230.00% 27 450 —1.80% 25260

30.15+ 24.48°
40.20+ 13.68P
1.60% 17.14b
4,63+ 10.38>

268.75% 28.94b
279.00% 16.56P
288.00£ 15.81°
252 50t 14.11b

*MeanT 5.E.

Different superscripts in the same column indicate significant differences(p<(0.05) between groups by Duncan’s

muliiple comparision test.
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Eo) wa] G FAVE ol= AE ZHE 5
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H&] fojHog Fkoy polydextrose FJ2] 7
e FE7EH o7t Tk BE F FEE

g nE g

TE0] FAhzTol Hle #gent

2 eVt #2] 8l A& pectin¥ guar gum Fo

ol

Avbel 19 w432 pectinT & guar

Table 3. Food intake, water intake, unne volume and urinary glucose excretion in normal and diabetic

rats
Groups Food intake Water intake Urine volurne Urinary glucoseg
(g/day) (g/day) (ml/day) (g/day/100gBW)
Normal control(n=3) 18.87+ 3.2 25.03t 1.94% 11.32% 1892 0?
Diabetic control(n=7) 50.64F 2.22Y 214.77% 84.59¢ 192.50+ 82.96¢ 9.38%+2.10°
Diabetic cellulose(n=10) 25.09% 4.90% 141,73+ 385.13Y  120.16% 29.62" 4971 41t
Diabetic pectin(n=10) 27.14% 2.24%0 104.57£ 62 11P 93.49% 17.68P 3.93% 0.86P
Diabetic guar gum(n=10) 26.84% 1.60% 113.56+ 11.09b 98.98+ 11.58" 4.75% 0.68°
Diabede polydexirose(n=8)  32.)4x 2.73b 216.01x 27.25¢ 174.21% 25 77¢ 7.88% 1.26¢

*Mean= S.E.

Different superscripts in the same column indicate significant differences(p<C0.05) between groups by Duncan’s

mulidple cornparision test.
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Table 4. Effects of dietary fibers on gastrointestinal parameters in normal and diabetic rats

Fecal crude fat

Total fecal Fecal water

Small intestine Large intestine

Gastrointestinal

Groups

length{cm) dry wi(g/2day) contents{ %) excretion{mg/day)

length{cm)

transit tme{hr)

25.11% 0.682* 138.13+ 1.817 21.23% 0.482 0.88+ 0.122 24,001 5.107 51.68+ 951

8)

Normal control{n

16.51F 6.16%

168+ 0.19% 34.711 4,592

20.66F 0.572

159.14% 2.10"

22.251F (.38

7)

Diabetic cellulose{n=10)

Diabetic control{n

81.44+ 21,473

3.910.65° 52.40+ 3,742

99 061 0,572

144,17+ 4.352

11.20+% 0.65°

220.21% 46.59¢

92,34+ 0.35° %6.70% 3.07°

94 80+ 1.05b

160.90+ 3.09°

14.40% 206"

Diabetic pectin(n=10)

158.23% 16.570

2.11+0.158 $9.00+ 2.70°

94,25+ 0,65

171.20+ 3.89¢

15401 2670

Diabetic guar gum(n=10)

Hol4 %

18.80% 2.972

14531+ 4.272 23.63+ 0.70P 1.58%* 0.172 30.33+ 2,15

18.4411.182

8)

Diabetic polydextrose(n

*Meant S.E.

g7he} el oA}

Different superscripts in the same column indicate significant differences{p<(0.05) between groups by Duncan’s multiple comparision test.

gum@ o] 2tz 220mg, 138mgR Al FA o]l df o)
ZTF H3) f9A80 2 £3ke™ cellulose, poly-
dextrose BAFTL tFEH Fol7t AdAHR @&
Skt

ol 4e) AdelM F FHAH W 2 EY

G = GG ABRAT} AE Aoz e
wrh & A4 ol dH polydextrose® A ¥ HA
4]A40_4 EdE 2y 182 48 feFeR
ZANAL o8 29 B BHALE Kooz

#A vrebgeh deoldfe Tyl £¥WY Fe
Z7HAAE 1 AEE Heldfe] FRA wmet
o]zt 9ol A AW EB cellulose?]
A%E 9 Hee 555 F7HAA 97E U4
Bala7te] @2 Htin H313 Vahouney?9] 2
ot JAHF F FHALL dFLY F
&0 4L A £ Jorg HoHH A7l
F FuEE] FA L (AT FFE vE
Aoz Asdr) dde & BiFe Add=
2o s RE @rgo] AblEFLE =2 el B
B AL Aok A9 FE FFA o=
T FB 4T Al M F4
o7 %2 Z(Table 8) A7} QI ez B
ek #9 & =AY WA FL pectind guar gum
oo AHE mged ol 784 HoldRk
S0 e = e ¥F AF ey
3 g1qlo] H Reg Bk ¥4 olAdH poly-
dextrose®] A% & FAAL, HMIAFEZY F, F
2ot AL WA § 2E F 7|5 ACA 4
ol T2 E=TH F9H-I AelE B
o] A g¥gkow metrd HA Aol Hd-FE A7)Ed
e $98 P EaA7 QAFHA ke (Table
4).

4, X|EchAtof O|X|E 4ojMRel FE

2ol fd H/7t BeBEe ¥ W AAF
2o UlXE A Table 5o Vel uig} 2o
84 S f£Fe T FEU A=
T3 Bt ZF el ¥ 8] pectin, guar gum, polydex-
wose 5 AolAf HILEAAM KA AFE
B on(p<0.05), cellulose FH9) A& Fi
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Table 5. Concentrations of serum triglycende, total cholesterol and HDL-cholesteral in normal and diabetic
rats
Triglyceride Toual cholesterol HDI1-cholesterol
Groups

{mg/dl) {mg/dD) {(mg/aD)
Normal control(n=8) 150.00% 15.68% 128.29+ 12.42¢ 50,661 5.44°
Diabetic conrol{n=7) 169.92+ 30.84* 109.46% 12 8820 60.24% 459
Diabetic cellulose(n=9) 121.71% 19.36% 119.09+ 15.00% 51.02+ 10.45
Diabetic pectin(n=10) 79.80% 15.655 8127+ 9.89% 4404t 3.97°
Diabetic guar gum(n=10) 72,52+ 9.900 89.25+ 10.90% 41.70% 5612
Diabetic polydextrose(nZS) 54.46% 6.20b 82.78% 16.492b 40.26% 7.5362

*Meant S.E.

Different superscripts in the same column indicace significant differences(p<0.05) berween groups by Duncan’s

multiple comparision test.

a7t vehdA gigith, FEEAHEL
ZTo] H&) T8 GTIoA FL "’?—77'“:% L
dot FoFQ Zol& B AL pectin F7hE
o]lglor Fagd golME WETEH cellulosed
o vla) -84 Aol f A7bTo) W e Re
ZH2HE FEL EA) HDL-ZH A ES F
Aol NE2FEH cellulosedd] Hls) &4
Holdf HIIEEA W& FEE Hyov &
TAFelel oAl Atol= AT
Mardar® & BxHo] 39 HEL FFFE}
F ALY F#E) BolAn F ZH2HES
Fgo] wolr vk Bag vt glow B AP
FrijRgo] AAUFTo] vE /A FEEo]
3 F ZH2HE %01 Yoy 1 #elst
F9Fel A= gt F-o| A cellulose ©] 2]
e F84 "—‘]01’511'—' TC:}C’“ g3 FA4AT <
oFo] e AYE BHeed o9 Ze Y2
NARLG 5ol ANFY WM Rud Zde}
frAkalch & o) A7ME F guar gumT polydex-
trose ol A= W FFY HE] FAAANY FoF
Zag Byed ARe §0) B XA
guar gums 3F7F 1l F YA FAHAH] Yo
Fg B4E 29 A Ad 5] FAAGA
polydextrose’} AW FHAe] Fg =0
AFAe)Fda 21 & AR AR FH Cellulose}
¥4 2o 2HE FEE BFREde E0E A9 2
Vel A gethe Tsai® 59 Bas 2 79
Mz #EHPD Aol dF F F 8 Aol dfER

2 A3aArt de A= g A gled
.g_)«} MO]M 7}. Al o] A7 Zy 92
BB AP gELY FVEHS
24 Y2629 ASsrt HdEr |
2 Hu5Y B APAAE FEEEY
-‘?"’ﬂ 4%‘% Holdfrt BoENE W BF
Y28 Bo] A AsteE G/t AR HA
t}. HDL-F¥ £HE £ Jenkins 5%)0] G &
A2 faroz 3 A7} Simons 53} Wirth 538
o] AXYFE FAE hHoE § guard] I
ek AT A HDL-Zd 28 Eo] 7 37192
g feFel Aolg HolA] YFytin Bi
Fed 2 APz foFH Aolg B = ¢
At

£ AFoA pectin, guar gum, polydextrose?]
S84 H4f FAVEESE EF E cellulosei ol

h
[o

e W= oAy Aolg HelAE wgort
FuERe) W3 FYAYS 5 SH2EE 42
AN we #XNE YEEtE e olHE Aol

AfrEel ot A7 T o Fxtf Fefol M
AZAHAE F802 HEANE F= e 7HF
e AT 8 & Yh(Table 5).

5. EHEICHALO| O|X|E Alo|M7el &

2o 9] A7t ‘:"-‘m%"]PJ 1-H“”"*(glucose to-
lerance) of) 12l G gL 2 AAHOGTT)
of o) B A= Table 69 Fig. 1= 21,
FEA @FSEL FA4TY 99mg/dld] B & &
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Table 6. Blood glucose levels during oral glucose tolerance test in normal and diabetic rats fed a diet with or without dietary fiber supplementation

180min

120min

60min

30min

Fasting

Groups

{mg/dl}

(mg/dl)

{mg/dl)

(mg,-’dl)

{mg/dl}

216,13t 9.1 171.63%F 9.944¢ 134,65+ 5.3280 127.15% 6.864

99.78% g.41M*

8)
7)

Normal control{n

389.14% 10.8680 374,71+ 95.998ab 269,71+ 30.2g8ab 358,14+ 835 7880

986.00+ 83,95C8

Diabetic control{n

593 50+ 38.38Bb 207,60+ 417980 289,501 45,808 969,10+ 41,4180

159.00+ 19.824¢€

Diabetic cellulose(n=10)

Diabetic pectin(n=10)

%34.80% 18.878b 301.80F 26,16 23%.20% 31.56%¢ 184,40+ 31.5242

127,90+ 25,694

338 403 21.898b 220,10+ 24 53080 978.20% 37 4380 192.30% 34.74%2

144,33+ 17,1546

Diabetic guar gum(n=10)

Aol 4%

354,89+ 28 4380 338.56+ 26.875b 986.801 45 558 970.78+ 50.418ab

q) 210.33+ 35.6482

Diabetic polydexirose(n

*Meant S.E.

279} BaAe) v

Different capital superscripts in the same column indicate significant differences{p{0.05) between groups by Duncan’s multiple comparision test.

Different small superscripts in the same row indicate significant differences(p<0.05} between times by Duncan’s multple comparision test.
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Fig. 1. Standard oral glucose tolerance test curves in normal and diabetc rats fed a diet with or without

dietary fiber supplementation.
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