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Utilization as Antitumorigenic Foodstuffs of Undigested High-molecular-weight
Fraction (HMF) and Curd Refuse (Okara) from Soy Protein
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ABSTRACT

Fischer rats under resectional operation on ileum and jejunum were taken as rat models devoid
and possessed of active bile acid transporter, respectively, and examined for azoxymethane-
induced colonic tumorigenesis. The rats were fed for 39 weeks 20% casein diets supplemented
with 0.2% deoxycholate, and then the individual colons were excised to locate the tumors and to
count their number. Supplementation of the diets with deoxycholate was necessary to actualize
the experimental design. Ileal resection caused a considerable increase in tumor number
compared to jejunal resection, indicating that such a secondary bile acid may well serve as an
important risk factor for colonic tumorigenesis. Subsequently, azoxymethane-treated F-344
rats weighing about 300 g were fed 0.2% deoxycholate-supplemented diets including HMEF,
okara, gluten, codfish protein, yolk protein or casein at a 10% level. At 16, 22 or 28 weeks,
tumor development in the colon was inspected by the use of a bronchial endoscope. As a result
of endoscopic observation (at 28 weeks), one-half the casein-fed group proved to bear tumor
(s) but only a rat did so in the HMF- or okara-fed group. Soy Protein Research, Japan 1, 111-
116, 1998.

Key words : ileal resection, deoxycholate, colonic tumor, soybean curd refuse (okara),
undigested high-molecular-weight fraction (HMF)
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Fig. 1. Number of tumors in the colons of rats under
resectional operation on ileum or jejunum and
distribution of ranked rats in this respect. The
experimental conditions were described in detail in
the text.
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= 1.0+ 07+ 108+ 0.1 = 126
X ® (df 3; 0.01) = 11.345

Fig. 2. Relationship between positions and sizes of colonic
tumors in rats with jejunal resection.  The
experimental conditions were the same as in Fig. 1.
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Fig. 3. Relationship between positions and sizes of colonic
tumors in rats with ileal resection. The
experimental conditions were the same as in Fig, 1.
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Feeding period (day)
Composition of experimental diets
Okara Casein
50% 70% 92.5% 10%  15%  20%
Okara 50 70 925 - -
Dl-Methionine 0.2) - - 0.2 0.2
Casein ~ - 10 15 20
a-Corn starch (43.18) 22 0 738 66.8 60
Soybean oil 5 5 5 5 5 5
Mineral mixture 3 2 15 5 5 5
Vitamin mixture 1 1 1 1 1 1
Cellulose powder 0 0 0 6 7 9

Fig. 4. Growth curves of rats fed diets containing okara or
casein at various levels. Growing rats of the
Wistar strain were used in this experiment.
Compositions of the respective diets were tabulated
herein.
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. AOM Diet Diet Blood
injection exchange restoration collection
400* ‘ ; * * {

Body weight (g)

100 1 1 1 L .
0 5 10 15 20 25 30

Feeding period (week)

Composition of experimental diets

Ingredient (g/100 g diet)
HMF Okara _Gluten Codfish Yolk
Protein source 135 50.0 10.0 10.0 100 10.0
a-Corn starch 73.8 42.8 73.8 73.8 73.8 73.8

Casein

Soybean oil 5.0 5.0 5.0 5.0 5.0 5.0
Mineral mixture 5.0 1.0 5.0 5.0 5.0 5.0
Vitamin mixture 1.0 1.0 1.0 1.0 1.0 1.0
Cellulose powder 1.5 0 5.0 5.0 5.0 5.0
Deoxycholate 0.2 0.2 0.2 0.2 0.2 0.2

Fig. 5. Body weight changes in mature Fischer rats fed
various diets different in protein source and
experimental design. In this experiment, “retired”
rats of the Fischer strain were purchased, and after
treatment with azoxymethane, were allowed free
access to the respective diets of which com-
positions were tabulated herein.
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Fig. 6. Relationship between plasma bile acid level and
fecal bile acid excretion in rats fed various diets.
Blood samples were withdrawn from the tail vein
at 22 weeks. Feces were collected for several days
before then.
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Fig. 7. Endoscopically observed tumor incidence in
various dietary groups at weeks 16, 22 and 28.
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Fig. 8. Plot of plasma cholesterol level against tumor
incidence in various dietary groups. The plasma
cholesterol level was due to the blood withdrawn at
week 22, while tumor incidence was observed
within a few days at week 28.
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