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Abstract

To examine the effects of dietary fibers on gastrointestinal physiology, rats were fed with diets
containing 10% sodium alginate, 10% cellulose, or fiber—free diets for 5 weeks. The results obtained
were as follows: The chronic consumption of sodium alginate induced a significant decrease in body
weight gain and feeding efficiency, but a significant increase in length and weight of small intestine.
Fecal bulk and weight were higher in fiber—fed group than fiber—{ree group. The chronic consumption
of dietary fiber induced a significant increase in fecal output, resulting in the decrease of apparent
digestibility of protein and lipid. Pancreatic protease activity was lower in fiber—fed group than fiber
—free group, whereas pancreatic amylase and lipase activities were not affected. Scanning electron
microscopy (SEM) and light microscopy (LM) studies showed small intestine microvilli with numerous
ridges and convolutions and goblet cells in fiber-fed groups. As a result of this study, it is concluded
that the chronic consumption of dietary fiber decreases apparent digestibility of nutrients and induces
morphological and biochemical adaptation of digestive organs.
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Table 1. Composition of the experimental diet (%)

Constituent Fiber-free Cellulose 00U
alginate
Corn starch 65.8 55.8 55.8
Casein 20.0 20.0 20.0
Com oil 10.0 10.0 10.0
AIN-76 mineral mixture 3.0 30 30
AIN-76 vitamin mixture 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 02
Cellulose - 10.0 -
Sodium alginate - - 10.0
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ml 0.05N NaOH needed to neutralize fatty acids
formed = ml 0.05N NaOH used for TEST —
0.05N NaOH used for BLANK
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0.05 (2)
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Table 2. Body weight gain, liver weight, pancreas weight, stomach weight, small intestine weight per 100g body
weight and small intestine length, small intestine weight per centimeter, large intestine length in rats
adapted to a fiber-free diet or diets containing cellulose and sodium alginate’

Fiber-free Cellulose Sodium alginate
Body weight gain(g/day) 6.39£0.07° 6.80£0.12° 3.86%0.05°
Liver weight(g/100g) 3.71x0.04 3.84£0.04 3.75%0.02
Stomach weight(g/100g) 1.49%+0.04 163+0.05 1.84+0.05
Pancreas weight(g/100g) 0.2510.02 0.18+0.01 0.21£0.01
Small intestine weight(g/100g) 2.21+0.03° 2.28+0.04" 4.22+0,07°
Small intestine length(cm) 116.75+0.76" 11850£0.62° 131.45%1.59°
Small intestine weight 0.086+1.01° 0.060+0.77° 0.070+1.08°
per centimeter(g/cm)
Large intestine length(cm) 20.13+0.31 19.56£0.51 20.70%£0.22

Yyalues are means*=SEM(n=10). All groups were sacrificed after 14hrs fasting. Data were analyzed by one-way
ANOVA and Fisher's least significant difference test whether mean values were different between groups. Values
in rows without common superscripts are significantly different(p<0.05)
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Table 3. Fecal volume, wet and dry weight, fecal moisture, protein, total fat content and apparent digestibilit;
of lipid and protein in rats adapted to a fiber-free diet or diets containing cellulose and sodium alginate
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Fig. 1. Dried feces of rats fed fiber-free diet or diets
containing 10% cellulose and 10% sodium
alginate.

)

Fiber-free Cellulose Sodium alginate

Fecal volume(cm®/day) 0.29+0.01% 5.23+0.21° 353+0.21°
Fecal wet weight(g/day) 0.29+0.12° 2.44+0.06° 2.71+0.12°
Fecal dry weight(g/day) 0.23£0.01° 1.89%0.05° 1.25+0.05°
Fecal moisture content(g/day) 0.07%0.008° 0.55+0.014° 1.47£0.007°
Fecal protein(g/day) 0.11£0.002° 0.23£0.004° 0.34£0.001°
Fecal total fat(g/day) 0.040£0.003" 0.32910.002° 0.25910.010°
Apparent digestibility of protein(%)” 98.27%0.04° 94.94+0.15° 93.78+0.27°

Apparent digestibility of lipid(%6)” 98.79+0.09° 87.52+0.77° 88.78+0.73

YValues are means+SEM(n=10). All groups were sacrificed after 14hrs fasting. Data were analyzed by one-way
ANOVA and Fisher’s least significant difference test whether mean values were different between groups. Values
in rows without common superscripts are significantly different(p<0.05)

2 Apparent digestibility(%)=(Food intake-Fecal excretion/Food intake) X 100
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Fig. 2. Scanning electron micrographs of fecal matrix
of rats fed fiber-free diet(A) or diets contain
~ing 10% cellulose(B) and 10% sodium alginate
(C).
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Table 4. Pancreatic amylase, lipase and protease activity, protein, DNA and RNA content in rats adapted to a
fiber-free diet or diets containing cellulose and sodium alginate

Fiber-free Cellulose Sodium alginate
Amylase activity 3 3 3
(units/total pancreas)? 117£007x 10 0.98+0.05% 10 106005% 10
Lipase activity N 12350+2.70 109.20+2.80 104.70%3.80
(units/total pancreas)
Protease activity Y 141.20+4.80° 112.30+6.50 70.10£1.90°
(units/total pancreas)
Protein(mg/total pancreas) 659.30+27.16° 998401 18.68" 904.90+ 20.79"
DNA(ug/total pancreas) 15.05+0.80 17.16+£0.95 1954+2.05
RNA(ug/total pancreas) 0.0420.0005 0.054%0.0020 0.056X0.0017

YValues are mean®SEM(n=10). All groups were sacrificed after 14hrs of fasting. Data were analyzed by one-way
ANOVA and Fisher’s least significant difference test whether mean values were different between groups. Values
in rows without common superscripts are significantly different(p<0.05)

91 Unit of amylase is lumole NADH liberated during 1 minutes of incubation with 1ml Sigma Diagnostics Amylase

reagent

N Sigma-Tietz Units of lipase is exactly equal to the ml of 0.05N NaOH required to neutralize the fatty acids liberated
during 3 hrs of incubation with 3ml lipase substrate. They are calculated by substracting the volume of NaOH({exact
normality) used for the BLANK from the volume of NaOH(exact normality) used for the TEST

M Unit of protease is equal to the absorbance of aromatic amino acids liberated by lunit of bovine pancreas protease
at 280nm during 10 minutes of incubation with 1ml hemoglobin substrate
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Table 5. Small intestinal protein, DNA and RNA con-
tent in rats adapted to a fiber-free diet or
diets containing cellulose and sodium alginate

Sodium
. alginate
Protein(mg/g) 29828 +251° 28393+271* 301.14+291°

DNA(ug/g)  2532+054° 37.38+131° 23.35%0.36°
RNA(ug/g) 0191001 026%001° 0442005

Yy alues are means £ SEM(n=10). All groups were sac-
rificed after 14hrs of fasting. Data were analyzed by one
-way ANOVA and Fisher’s least significant difference
test whether mean values were different between groups.
Values in rows without common superscripts are sig-
nificantly different(p<0.05)

Fiber-free Cellulose

2 Ekth(Table 5).

3a AvlA o) 9% 23 g2 #AeA, Aol
79 g ol e EYFE goblet celle] & 2
Hol gl et FAHFY ol Foll M= EEA ettt
o] A7 wheat bran®] ZF-°) goblet cell®] ¥]&&
Z7H Acke 23(9)9 YA gt Goblet cell °1%
39 crypt cell2 #8 HE A= H YA EFA < mucin
2 2| ¥c}h Mucine 9949 F5-4528 A@st=
diffusion barrier2 %83} unstirred water layer®]
F5 A Eolrh. welx Aol f-ol A o] ehal =t A
A A3h& A3 HEAH O F goblet celloA] #u]3}
€ mucin®] F7tol] 7]algt Ao g ral,
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Fig. 3. Scanning electron micrographs of small intes-
tinal villi from rats fed fiber-free diet{A) or
diets containing 10% ceilulose(B) and 10% so-
dium alginate(C).

Villi with finger-shaped were seen in fiber—free
control, whereas villi with leap~shaped were seen
in fiber-fed gronps.

2 o

10% sodium alginates} cellulose®] #7172t 447t
3 (Sprague-Dawley, 47)2] Ag Azl vlx&
A3 oo Aodt) AF SUFE TRl
cellulose o]l 818 sodium alginate@ o4} Fej=le
2 3olvH(p<0.05). 249 F9) el I whglze]
F 2AE T4l FH celluloseT <l ¥] 8 sodium
alginate 7o} A §213 2.2 obel(p<0.05). Fule] ¥
g 2AE T4 FA ol w8l Aot AF Hrkiel
A=A eyt oo (p<005), AX S22 cellulosed
oA I =gich Bwiow WY Gl 2 Al

Fig. 4. Light micrographs of infestinal villi from rats
fed fiber—free diet(A) or diets containing 109
cellulose(B) and 10% sodium alginate(C).
Small intestinal villi with numerous ridges, con—
volutions and goblet cells were seen in fiber—fed
groups. Arrows are goblet cells.

FFL FAHTA o] F vid Aol AR My #
2lA o 2 Eghon(p<0.05), Wl ) xja o)
2842 FAHF2o)F4l ¥l3 celluloseF T} sodium
alginateToll A 98 0.2 YshrH(p<0.05). #32) amy-
lase9} lipase TAI-L AlFE7koll -§-2]# ¢l o7} Y
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