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Hypocholesterolemic Action of Poorly Dlgestlble Raw

Amylomalze Starch in Rats Fed a Cholesterol Free Diet
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Yukio WATANABE and Yilko AYANO
(Laboratory of Food and Nutritional Chemistry)

ABSTRACT

In order to find out the mechanisms by which poorly digestible raw amylomaize starch lowers the
serum cholesterol level in rats, both two feeding experiments and iz vitro measurements for the
interaction of the starch with bile salts were carried out.

Each carbohydrate source was included at 78% level in a cholesterol free diet with or without
antimicrobial drugs and fed weaning male Wistar rats for 22 days. The animals fed amylomaize -
starch showed significantly lower serum cholosterol level than those on sucrose or normal corn
starch. The rats given normal corn starch in a restricted amount as with identical energy consumed
by their counterparts on amylomaize starch maintained serum cholesterol unaltered. Furthermore,
antimicrobial drugs supplemented to normal corn and amylomaize starch diets failed to modify
serum cholesterol.

Raw potato starch, another poorly digestible starch, was also found to exhibit remarkable
hypocholesterolemic effect compared to sucrose. ‘

In i vitro study, amylbmaize starch was proved to adsorb more taurocholate and to inhibit more
efficiently the absorption of “C-cholate by everted ileum sacs than normal corn starch.

These findings indicate that amylomaize starch presumably exerts the hypocholesterolemic action
by depressing the intestinal reabsorption of bile salts through adsorbing them on undigested starch
granules staying in the lower bowel.
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Table 1 Composition of diets in experiment 1 and 2

Experiment 1 Experiment 2
Ingredients Sucrose | Starch | Starch + |Sucrose | Starch
diet diet | sulfa diet| diet diet
(%) (%) (%) (%) (%)
Sucrose 78 — — 62.75 25.25
~ Starch” |- 78 77.72 — 50
"~ Casein 15 15 15 15 15
Water — — — 8.5 —
Soybean oil® - 2 2 2 2 2
Mineral mixture® | 4 4 4 4 4
Vitamin mixture®| 0.85 0.85 0.85. 0.85 0.85
Choline chloride 0.15 0.15 0.15 0.15 0.15
Antlmlcr(;l;l:rllts4 - N 0.28 . i

1) Raw scarcii from normal corn, amylomaize or potato was included in

the respective diets

2) Enriched with 450 ug as retinol of retinyl acetate, 37.5u4g of cholecal-
ciferol and 0.5g of e-dl-tocopherol acetate per 100g oil
3) Commercial preparations (Oriental Yeast Co.) on the prescription by

A. E. Harper (1959)

4)  0.2% sulfadiazine, 0.05% oxytetracycline and 0.03% chlortetracycline
were supplemented to both normal corn and amylomaize starch diets
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Table 2 Effects of dietary starches and antimicrobial agents on body weight
gain and food intake in rats fed ad libitum or pair-fed a cholesterol
- free diet for 22 days (Exp. 1)

B Initial weight | Body weight | Food intake Food
Groups” gain conversion®
(2) (g) (8

Sucrose - 126.8+5.7° | 112.7+6.1 454.8+17.6 | 4.06%0.15
Normal corn starch 126.8+5.3 124.0+11.6 | 441.5+10.8 3.374+0.36
Amylomaize starch | 126.844.2 | 50.6% 7.6*" | 341.3% 9.0°Y | 6.66%1.50
Normal “(’52,522335? 127.644.0 | 46.6% 1.8°Y | 271.3% 4.8%Y | 5.86+0.24>
f’;ﬁ;’:‘alze starch | 196 845.3, | 112.0+ 9.0 | 388.2411.9°% | 3.5340.18"
E‘;;‘l’;:l(;;irr‘}f:;;f‘:h 126.744.5 | 88.9% 3.0°M | 341.0+ 2.4* | 3.86:£0.16 | K

D
2)

3)

4)
5)
a)
b)

Each experimental group consisted of 6 male Wistar rats .
Normal corn starch diet was provided in such a restricted amount as with equal absorbable
energy consumed by the rats fed amylomaize starch diet ad libitum
Normal corn starch+sulfa diet was provided in such a restricted amount as with equal ab-
sorbable energy consumed by the rats fed amylomaize starch+sulfa diet ad libitum

Mean tstandard error

Total food intake/body weight gain
Significantly different from sucrose group at P < 0.05
Significantly different from normal corn starch group at P<0.05

Table 3 Effects of dietary starches and antimicrobial agents dn alimentary organ weight of
rats fed ad libitum or pair-fed a cholesterol free diet for 22 days (Exp. 1)

Eviscerated Liver? . Small " Cecum with Large
Groups carcass intestine® content” intestine?
(®)

Sucrose 173.547.4Y | 4.0240.06 2.48+0.22 1.33£0.14 | 0.37+0.02
Normal corn starch | 185.4+4.2 3.06£0.129 | 1.54+0.11° | 0.76%0.13 0.310.04
Amylomaize starch | 121.4%3.9*% | 3.90+£0.04*Y | 3.4420.27°% | 10.67£2.14*Y | 0.55+0.06*%
Normah coms @ | 130.3%2.59 | 3.5320.000 | 1.8420.08% | 1.41£0.13% | 0.43:0.03%
Amviomaize starch | 154 546,99 | 4.17£0.00 | 2.57£0.159 | 11.04£0.429 | 0.63+0.09%Y
o corn oo | 162.5£4.1 | 4.0940.19 1.54£0.06” | 3.46+0.36*Y | 0.30%0.02°

1) Mean * standard error

2)  Relative weight to eviscerated carcass
a) Significantly different from sucrose group at P<0.05
b) Significantly different from normal corn starch group at P=0.05
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Table 4 Effects of dietary starches and antimicrobial agents on fasting cholesterol and triglyceride
levels of serum and liver in rats fed ad libitum or pair-fed a cholesterol free diet for 22

days (Exp. 1)

Serum? Liver
Groups Cholesterol Triglyceride Cholesterol Triglyceride
(mg/dl) (mg/dl) (mg/g wet tissue) (mg/g wet tissue)
Sucrose 77.414.7° 79.4£9.8 3.310.6% 39.8+4.2
Normal corn starch 76.6£2.7 61.2+4.3 3.7+0.2° 61.9+9.3
Amylomaize starch 68.5+3.29 39.7+9.4% 2.8%0.3 40.2+5.1
Normal corn starch 79.3+2.2 41.7+8.3% 3.240.3 22.945.3*
(pair-fed) ; _

Amylomaize starch 65.5+3.79 i8.5+5.37 3.6+0.29 66.347.47
+ sulfa
Normal corn starch 79.7+3.6 48.58.0" 3.4+0.29 57.549.4
+ sulfa (pair-fed) . ’ ’ : : ) : : )

1) Mean = standard error
2) Blood was collected from rats fasted overnight
a) . Significantly different from sucrose group at P=0.05

b)» Significantly different from normal corn starch group at P = 0.05

c)  Significantly different from amylomaize starch group at P = 0.05

d) Significantly different from normal corn starch (pair-fed) group at P = 0.05

e) Significantly different from normal corn starch + sulfa (pair-fed) group at P = 0.05

—39—




FERFEES

EREMER S

E45

Table 5 Effects of dietary poorly digesfible starches on body weight gain, food intake and alimentary
organ weight of rats fed a cholesterol free diet for 30 days (Exp. 2)

Initial | Body wt. Food Eviscerated Liver? Small Cecum with
Groups” body wt. gain intake carcass intestine® content®
(2 (2 (® (2 '
Sucrose 93+3? 191+17 | 538+36 210£13 3.97+0.14 | 1.32+£0.11 |0.88+£0.11
Normal corn starch 93t4 20619 | 537+38 223+ 14 3.68+0.15(1.04+0.13 [0.77£0.05
Arhylomaize starch | 93+2 183115 | 56631 20210 13.90+0.10{1.35+0.10 |3.02+0.37%Y
Potato starch 9313 20021 | 654+63 20016 4.61+0.21 | 1.8940.27Y | 6.31+£0.41*>¢

1) Each experimental group consisted of 6 male Wistar rats

2) Mean = standard error
3) Relative weight to eviscerated carcass

a) Significantly different from sucrose group at P < 0.05
b} Significantly different from normal corn starch group at P =< 0.05
c) Significantly different from amylomaize starch group at P < 0.05

Table 6 Effects of dietary poorly digestible starches on fasting cholesterol and trlglycerlde levels
of serum and liver in rats fed a cholesterol free diet for 30 days (Exp. 2)

Serum Liver
Groups " Cholesterol Triglyceride Cholesterol Triglyceride
(mg/dl) (mg/dl) (mg/g wet tissue) (mg/g wet tissue)
Sucrose 97.8+3.3Y 142.8+8.7 4.84+0.2 24.8%3.5
Normal corn starch 85.7+4.2 109.2+10.7% 5.5%+0.1% 27.61£1.8
Amylomaize starch 83.6+3.2¢ 81.6+2.0%Y 7.1£0.3*Y 27.1+£2.8
Potate starch 75.1+3.9% 74.513.2%Y 4,210,459 21.9+2.7
1) Mean £ standard error
2) Blood was collected from rats fasted overnight
a) Signiﬁcantly different from sucrose group at P = 0.05
b) Significantly different from normal corn starch group at P < 0.05
¢) Significantly different from amylomaize starch group at P < 0.05
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Taurocholate adsorbed to starch(%.)

Normal corn Amylomaize
starch starch

Fig.1 Adsorption of taurocholate to normal and
amylomaize starches.

0.5 g of starch was incubated with shaking in
5 ml of Krebs-Ringer phophate buffer contain-
ing taurocholate (0.1 mg/ml) at 37°C for 6
hours. Percent adsorption of taurocholate was
calculated by the difference in the concentra-
tion of the medium before and after the incu-
bation. Vertical lines represent the standard
error of the mean.
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Radioactivity of"*C-cholate transported
into the serosal fluid of everted sacs

Normal corn Amylomaize
starch starch

Fig.2 Inhibitory effect of starches on bile acid
absorption by everted ileum sacs from rats.

Everted sacs were incubated with shaking in
Krebs-Ringer phosphate buffer containing #C
-cholate and starch (10% w/v) at 37°C for 40
minutes under O, atmospher. ‘Radioactivity
transported into the serosal fluids of the sacs
were counted. Vertical lines represent the

standard error of the mean.
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