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Effects of Single Cells of Carrot and Radish on the Fecal Excretion Properties,
Mineral Absorption Rate and Structure of Small Intestine and Colon in Rats
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Abstract

The effects of single cells of carrot or radish on the fecal excretion, mineral absorption rate and structure
of small intestine and colon were investigated in rats fed 5% single cell diet for 4 weeks. Carrot contained
28.76% of total dietary fiber and 21.45% of inscluble dietary fiber, and radish contained 23.14% of total dietary
fiber and 16.77% of insoluble dietary fiber on a dry weight basis. Total dietary fiber contents of the single cell
were 44.68% for carrot, 48.0% for radish. Absorption rates of magnesium were higher in the carrot and radish
single cell groups than the other groups. Cellulose significantly increased fecal weight and weight of small
intestine. The consumption of cellulose and single cells decreased digestibility of lipid. The length of colon
were longer in the carrot and the radish group than the other groups. Scanning electron microscopy studies
showed that small intestine microvilli with leaf—-shaped were seen in cellulose and single cell fed groups. These
results suggest that the diet containing 5% single cells of carrot or radish increases the digestibility of dietary
fiber, weight gain, and fecal output and shorten the gastrointestinal transit time.
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Table 1. Composition of experimental diets (%)
Ingredients/Groups”  Control Cellulose Carrot Radish
Sucrose 10.0 10.0 10.0 10.0
Casein 20.0 20.0 20.0 20.0
Corn starch 60.0 55.0 55.0 55.0
Corn oil 5.0 5.0 50 5.0
Cellulose - 5.0 - -
Single cells - - 50 5.0
Mineral mixture 35 35 35 35
Vitamin mixture 1.0 1.0 1.0 1.0
Choline chloride 0.2 0.2 0.2 0.2
DL-Methionine 0.3 0.3 0.3 0.3

UControl: cellulose and single cell free group, Cellulose: 5%
cellulose group, Carrot: carrot single cell group, Radish: radish
single cell group.
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Table 2. Dietary fiber contents in vegetables and single cells
from vegetables treated with cell separating enzyme (Sum-

yzyme MC) (%, dry basis)
Soluble Insoluble Total
Vegetables
Carrot 7.31 21.45 28.76
Radish 6.37 16.77 23.14
Single cells
Carrot 4.52 40.16 44,68
Radish 2.21 4579 48.00
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Table 3. Food intake and body weight gain in rats adapted to a fiber-free diet or diets containing cellulose, carrot and radish

single cells

Body weight gain

Groups Food intake (g/day) Initial body weight (g) Final body weight (g) (2/4 weeks)
Control 1844+ 1,122 206.38 £3.27™ 301.50+17.22%% 95.08+15.13%
Cellulose 15.96+1.20 207.38+ 169 272.88+24 58" 73.53+£21.08"
Carrot 17.89+0.22 206.13+2.51 321.63+£5.23 115.75£3.71°
Radish 1725053 206.38+2.42 316.38+9.20" 112,44+ 1131

‘“Each value represents the mean*SE of eight rats.
f)N<)t significant.

PValues with different superscript within the same column are significantly different (p<0.05).

Table 4. Calcium, phosphorus, potassium, sodium, magnesium absorption rate in rats adapted to a fiber—free diet or diets

containing cellulose, carrot and radish single cells (%)
Control Cellulose Carrot Radish
Ca 215740737 26.60+2.27 29.14+6.71 34831453
P 57.95+2.65™ 60.03+1.24 66.04+3.32 59.49%6.18
K 96,00+ 0,38 9350+ 0.40" 96.42+0.22° 94.98%0.76®
Na 95.47 +1.09° 92.15+0.92" 95.63+0.49" 93.03£0.93"
Mg 49.26+2.68" 59.26+2.88% 65.60+4.67" 61.451t4.35"

YEach value represents the mean*SE of eight rats.

7 . o

f’Not significant.

WWalues with different superscript within the same raw are

significantly different (p<0.05).
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Table 5. Fecal wet and dry weight, protein, fat, dietary fiber, urine volume, digestibility of protein, lipid and dietary fiber
in rats adapted to a fiber-free diet or diets containing cellulose, carrot and radish single cells

Control Cellulose Carrot Radish
Fecal wet weight (g/day) 0.990.12% 1.85+0.23° 1.48+0.38% 0.73+0.09°
Fecal dry weight (g/day) 0.61=0.05" 1.17+015° 0.62+0.05° 0.70+0.04°
Fecal protein (g/day) 0.14+0.01° 0.16+0.02° 0.16+0.01° 0.11+0.01°
Fecal fat (g/day) 0.04+0.003" 0.08+0.008" 0.03£0.002° 0.03+0.002°
Fecal dietary fiber (mg/day) 13.27£1.25° 50.43+1.16° 2163+1.12° 20.23+1.91°
Urine (mL/day) 12.30£2.11™" 9.77£0.52 11.57+159 10.87+1.22
Digestibility" of protein (%) 93.33+2.59™ 9453+0.11 94.45+0.36 96.81£0.56
Digestibility of lipid (%) 94.17+0.19° 83.15+0.34° 92.00£0.50° 95.36+0.24°
Digestibility of dietary fiber (%) 20.43£6.10° 1067+2.37° 71.72+3.08° 77.19+ 1 48°
"Digestibility (%) = (food intake - fecal excretion / food intake) % 100.
j’Value are means T SE.
Values with different superscript within the same raw are significantly different (p<0.05).
“Not significant.
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‘Table 6. Effect of single cells of carrot and radish on gastro-
intestinal transit time in rats adapted to a fiber-free diet or
diets containing cellulose, carrot and radish single cells  (hr)

Groups Gastrointestinal transit time
Control 19.7+0.33"*
Cellulose 15.0%0.30°

Carrot 18.0£0.58™

Radish 17.0+0.58™"

}’Each value represents the mean*SE of eight rats.
PValues with different superscript within the same column are
significantly different (p<0.05).
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Fig. 1. Scanning electron micrographs of feces from rats fed diets fiber free.
(A) Control, (B) diets containing 5% cellulose, (C) diets containing 5% carrot single cells and (D) diets containing 5% radish single cells.
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Table 7. Effect of single cells on weight and length of small intestine and colon in rats adapted to a fiber-free diet or diets
containing cellulose, carrot and radish single cells

Cr Small intestine Colon
oups

P Weight (g) Length (cm) Weight (g) Length (cm)
Control 6.1010.25 2 94.06+2.46" 1.11+0.10™ 14384013
Cellulose 6.17£0.72* 80.00£2.39" 1.36+0.09 15.13+0.47"
Carrot 551 +0.13" 80.81 +2.45% 1.33+0.03 15943+ 0.37°
Radish 5.7510.16% 83.63+92.12% 1342000 1583 +0.55°

.l))Each value represents the mean®* SE of eight rats.
:)Values with different superscript within the same column are significantly different (p<0.05).
PNot significant.
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Fig. 2. Scanning electron micrographs of small intestinal microvilli from rats fed diets fiber free.
(A) Control, (B) diets containing 5% cellulose, (C) diets containing 5% carrot single cell and (D) diets containing 5% radish single cell.
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