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AR : acid red (Food red No. 106)
BH : barley hull (KFESK)

BHH : holocellulose prepared from BH by delignification with sodium
chlorite in dilute acetic acid medium

BHA : butyl hydroxy anisol

BSDF : dietary fiber prepared from bamboo shoot (#1777 Z)
CDF : dietary fiber prepared from carrot ((ZA L A)

CH : corn husk (py £ 4NKR)

CHH : holocellulose prepared from CH by delignification with sodium
chlorite in dilute acetic acid medium

Chol. : cholesterol

CMC : carboxymethylcellulose

Cu-Ch : sodium copper chlorophyllin

DHA : dehydroacetic acid

DMH : 1,2-dimethylhydrazine

ES : erythrosine (Food red No. 3)

Fe~-Ch : sodium iron chlorophyllin

GDF : dietary fiber from edible burdock (I (% )

GDFH : holocellulose prepared from GDF by delignification with sodium
chlorite in dilute acetic acid medium

HCO : hydrogenated coconut oil

KM : konjac mannan

"konnyaku'" : the solution of native konjac mannan was coagulated by
mixing with Na2C03 solution, boiled in water to demineralize,
lyophilized and powdered by Wiley mill

LBS : Laurylbenzenesulfonic acid sodium salt

MBSDF : dietary fiber prepared from mang bean sprouts (% xoL)

TT : transit time

WB : wheat bran (,\x727)

WBH : holocellulose prepared from WB by delignification with sodium
chlorite in dilute acetic acid medium
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Table 2 Composition of basal diet

Constituent Content

%

Casein1 25
Corn oil2 5
Mineral mixture3 4
Vitamin mixture4 : 1
Choline chloride5 0.2
Vitamin E granule6 0.05
Sucrose7 to make 100

[« )W ¥)]

Lactic casein (30 mesh), purchased from New Zealand Dairy
Board, Wellington. o

Mixed with 0.2 ml of Chochola A which containined retinyl
palmitate and ergocalciferol dispersed in water to provide
6,000 IU and 600 IU, respectively, just prior to preparing
the diet. Chocola A was purchased from Eisai Co., Tokyo.
This was identical with Mineral Mixture-2 (MM2) formulated
by Ebihara et al. (25).

This was identical with Harper’s mixyure (26) with sucrose
as a diluent.

Four milliliters of a 50% solution in 50% ethanol were added.
Trade name is '"Juvela granule.'"  Purchased from Eisai Co.,
Tokyo and it contained 200 mg of all-rac-ol-tocopheryl acetate
per gram.

Each dietary supplement was added at the expense of sucrose.



Table 3

Relative viscosity of various water-soluble dietary
fibers examined glucose flattening activity

1

SDF , Relative viscosity
. 2
Arabinogalactan .
Karaya gum .
Gum arabic .
Ghatti gum

Tamarind seed gum
Citrus pectin
Tragacanth gum
Locust bean gum

.

OWNN P
AONEBOANO O
N RCR- X R RX

Carrageenan 8.54
Carboxymethyl cellulose 11.38
Guar gum 17.05
Konjac mannan 176.20

1 Water-soluble dietary fiber. 2 Measured with an
Ostwald’s viscometer at 25°C for 0.3% solution (w/v)
and the value for water was taken as unity.

A
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Figure 1 Plasma glucoserfesponses to the control meal (glucose
alone) and the test meals (glucose plus water-soluble
dietary fibers)

200 Exp. 1

150

150

Blood glucose (mg/100ml )

0 60 120 180 0 60 120 180
Minutes Minutes

Adult male rats were intragastrically administered a 207 glucose
- solution- alone or the glucose solutions containing water-soluble
. dietary fibers at the 27 level to provide 250 mg of glucose per .
- 100 g body weight and plasma glucose concentration was determined
for the blood samples obtained from the tail vein at time-intervals.
Solid circles indicate average values of the respective control
groups and capital letters indicate average values of the test groups
received the following water-soluble dietary fibers: A, gum arabic;
S, tamarind seed -gum; N, arabinogalactan; -L, locust bean gum; G, guar
gum; P, pectin; M, carboxymethyl cellulose; K, karaya gum; H, ghatti
gum; T, tragacanth gum; C, carrageenan, respectively. The vertical
bars represent standard 'error of the mean and asterisks, significant
differences from the control values at the specified time (P<0.05).
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Figure 2 Procedure for calculation of glucose-flattening
activity of water-soluble dietary fibers

i

200r o~ Blood glucose level

atter 15min.(Gis)
G15=195
—~ 140} tor glucose (Tg)
E
o
1=
£ 80}
% - O.Ll i . )
S 200
2
o
o
8 140t
© G15=156
for locust bean gum(Ts)
80 :
OT.: L A s . ,
0 60 120 180
Minutes

Plasma glucose~flattening activity of each water-soluble
dietary fiber was calculated as follows: in this figure, Tg
and Ts are blood glucose levels after 15 minutes to both
control and test meals. The glucose-flattening activity for
each water~soluble dietary fiber was calculated from the
equation, 1 - (Ts/Tg). For the locust bean gum, it was
1 - (156/195) = 0.200. v
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Figure 3 Plasma glucose-flattening activity of eleven
kinds of water-soluble dietary fibers as a
function of their relative viscosity deter-
mined in vitro o R

2l
O4r oG
Locust bean
03 gum
%
S
02 ok

ol

o

A |
Nux' Y = 0.086 + 0.016X
* (r=0.870)

15 9 13 1
Relative viscosity

(@]

Glucose flattening activity, 1-

Plasma glucose-flattening activity was calculated from
the equation, 1 - (TS/Tg), as explained in Fig.2 . For
the determination of viscosity of water-soluble dietary
fibers, see footnote 2 to table2 . The equation of the .
regression line is: Y = 0.086 + 0.016X (¥r=0.870).

N, arabinogalactan; K, karaya gum; A, gum arabic; H, ghatti
gum; P, pectin; S, tamarind seed gum; T, tragacanth gum;

L, locust bean gum; C, carrageenan; M, carboxymethyl cellulose
G, guar gum - i ' I
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Table 4 Some physico-chemical properties of pectins prepared from
various fruits and vegetables

Pectin from Uronic Methoxyl Degree of Relative
acid content esterifi- viscosity
content cation
% % %

Apple 71.2 6.36° 39.0 6.22
Japanese persimmon 76.0 9.07 55.6 5.79
Japanese radish 34.6 8.13 49.9 3.06
Japanese pear 52.6 6.52 40.0 3.01
Unshiu orange

segment-skin 70.0 9.70 59.5 2.71

peel 66.6 6.77 41.5 2.20
Carrot. 60.0 ) 8.44 51.8 2.08
Tomato 52.6 3.97 24.4 1.97
Cucumber 54.6 4.28 26.3 1.65
Edible burdock 34.0 6.84 42.0 1.37

1 Determined by the carbazole reaction(27). 2 Determined by the
method cf Myers and Baker(28). 3 Calculated from the values of
methoxyl content. 4 Determined with an Ostwald's viscometer at 25°
for 0.3% solution (w/v) in 0.155 M NaCl (pH 6.0) and the value for
the water was taken as unity.
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Figure 4

:g 160

8 I Exp.5

RS -

5 !

& 120+

[o]

<] |

]

© 100}

£

] 80¢ L

N L. . — . N e
0 60 120 180 0 60 120 180

Z 160 h

E Exp.8

g; L

o 10 L

€ i (o

g 120 : \e\

§ i >§<:\\§

o 100 X

o L \g\

E

8 80} H

o | N i . " s L. . N R N : ;
0 60 120 180 0 60 120 180

Minutes - Minutes

Plasma glucose responses to the control meal (glucose alone) and
the test meals (glucose plus pectins). Adult male rats were intragastri-
cally administered a 20Z glucose solution alone or the glucose solutions
containing pectins at the 2% level to provide 250 mg of glucose per 100 g
body weight and plasma glucose concentration was determined for the blood
samples obtained from the tail vein at timed-intervals (n = 8 in experi-
ment 5 and n = 7 in experiments@ to 8). Solid circles indicate average
values of the respective control groups and capital letters indicate average
values of the test groups received the following pectin preparations: O,
orange peel; J, orange segment-skin; B, edible burdock; R, Japanese radish;
T, tomato; P, Japanese persimmon; U, cucumber; E, Japanese pear; and A,
apple, respectively. The vertical bars represent standard error of the mean
and asterisks, significant differences from the control values at the
specified time (P< 0.05).
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120

80+

Sy +Sy +S3 =Sy
S1/S401=0.49
for gumose(Fg)

Figure 5

Procedure for calculation of glucose-
flattening activity of pectin preparations.
Plasma glucose~flattening activity of each
pectin preparation was calculated as follows:
in this figure, S1, S2 and S3 are fractional
areas for each 1 hour under the glucose
response curves to both control and test meals
and Stot is the sum of these 3 fractional
areas. When fed glucose alone the ratio of
S1 to Stot (Fg) was 0.49 and when fed glucose
along with persimmon pectin the ratio (Fp) was
0.37.. The glucose-flattening activity for
each pectin preparation was calculated from
the equation, 1 -~ (Fp/Fg). For the persimmon
pectin, it was 1 - (0.37/0.49) = 0.245.

20



Figure 6
2l

)
- Q3
= |
2
g Plasma glucose-flattening
o Q2 activity of ten kinds of pectins as a
‘£ function of their relative viscosity
Q determined in vitro. Plasma glucose-
L] Y =0.024 + 0.041X flattening activity was calculated
= Q@F (r=0.936 from the equation, 1 - (Fp/Fg), as
g r=0. ) explained in Fig.5 and in the text.
9 ol For the determination of viscosity of
& pectins, see footnote 4 to table 4.

L i1 L ! The equation of the regression line

1 2 3 4 5 6 7 is: Y =0.024+ 0.041X (r = 0.936).
Relative viscosity

B, edible burdock; U, cucumber; T, tomato; C, carrot;

O, orange peel; J, orange segment-skin; E, Japanese pear;
R, Japanese radish; P, Japanese persimon; A, apple

30
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Figure 7 Plasma‘glucose responses to the control meal (glucose
' alone) and the test meals (glucose plus konjac mannan)

£ 200

8 Glucose + 05%KM

g‘ */ Glucose + 1% KM

K 150 r

()]

O 3

(@) }

2

©100F I Gucose alone

o |4 (250mgr100g Bwt)

.9 O[ 1 n 1 1 )

o 0 60 120 180
Minutes

Adult male rats were intragastrically administered a 20% 7
glucose solution alone or the glucose solution containing konjac
mannan at the 1% or 0.5% level to provide 250 mg of glucose per
100 g body weight and plasama glucose concentration was determined
for the blood samples obtained from the tail vein at time-intervals.
The vertical bars represent standard error of the mean and
asterisks, significant differences from the control values at
the specified time (P<0.05).
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Table 5 Some anthropometric characteristics of the subjects

Subject Age Height Weight % Deviation from ideal body wt.l
years cm kg %

K.F. 26 170 88 i + 40

T.T. 23 168 71 + 16

T.F. 23 162 58 + 3

D.T. 22 176 70 + 2

K.E. 32 169 57 - 8

K.A. 24 163 64 + 13

M.S 23 162 57 + 2

1 Calculated using an equation: '"Ideal' body weight = [height (cm) -~ 100]}X
0.9, the Broca's index modified for Japanese people(31).
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Figure 8
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120 180

Plasma glucose
response curves to the control
meal (80 g glucose alone, 0—0)
and the test meal (80 g glucose
plus 5 g konjac mannan, ¢—@)
dissolved in 500 ml of water
in young subjects. The value
at time 0 is an overnight
fasting level. Vertical bars
represent . standard error of
the mean (n=7).

Asterisk indicates significant

difference from the control
value (P<€0.01).
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Plasma insulin (pU/ml)

120

80

40

Figure 9
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Minutes

49

Plasma insulin
response curves to the control
{(0—0) and test (#—#®) meals.
For detail, see the legend to
figure 8. .

Asterisk indicates significant
difference from the control
value (P<0.05).
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Areas under the plasma
glucose and insulin response
curves for 3 hours to the control
(open bars) and test (solid bars)

_ meals in young subjects. One hour

is taken as unity for the calcu-
lation of the areas. Vertical
lines respresent standard error of
the mean (n=7).

Asterisk indicates significant
difference from the control value

(P< 0.05).
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Figure 11

| =]

Figure is side view of a diffusion apparatus. The diffusion
apparatus consisted of three compartments A, B and C made from
Pyrex glass. A 27 (w/v) glucose solution was placed in chaber
A (about 13 ml) and distilled water (about 12.5 ml) and

a magnetic stirrer (about 0.5 ml), in chamber C. Chamber B,
which was partitioned from chaber A and C with Millipore
filters (VCWP 025 00, pore size = 0.0l um, Millipore Co.,
Bedford, Massachusetts 01730), was filled with water with or
without dissolved water-soluble dietary fiber at 0.5 or 1.0%
(w/v) level. The thickness of the chamber B was 7 mm. The
assembled apparatus was kept in a constant temperature water
bath maintained at 37 + 0.05°C. The content of chamber C was
stirred with a magnetic stirrer immediately before sampling.
Each sample size was 0.2 ml. The same volume of water was added -
to chamber C to compensate for the sampling loss. Glucose
concentration of the sample was determined by the glucose
oxidase method (24).



Figure 12
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Comparison of gastric emptying
in rats given a glucose solution with or
without added konjac mannan.

A 20%Z (w/v) glucose solution (—@) or

the glucose solution containing konjac
mannan at the 1% (w/v) level (0—0) was
administered with a stomach tube to
provide 250 mg of glucose per 100 g body
weight. At the specified time, animals
were decapitated and the stomach was
rapidly excised with ligations at the
cardia and the pylorus. The amount of
glucose remaining in the stomach was
determined at timed-intervals and gastric
emptying was expressed as percentage of
administered glucose retained in the
stomach. All points are average of 5 rats
and vertical lines represent standard error
of the mean.
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Figure 13
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Plasma
glucose and insulin
responses to the control
and the test meals.’

The
control group of 30 rats
was given a 20% (w/v)
glucose solution (0—9)
and the test group of 30
rats was given the similar
glucose solution contain-
ing konjac mannan dis-
solved at the 1% (w/v)
level (0—0) with a
stomach tube to provide
250 mg of glucose per
100 g body weight. At .
the specified time,
animals were decapitated,
the blood was collected
and plasma glucose and
insulin concentrations
were determined by the
glucose oxidase method
(24) and the double anti-
body radioimmunoassay (29),
respectively. All points
are average values of 5
rats and vertical lines
represent standard error
of the mean.



Table 6 Effect of viscosity of three kinds of pectins on glucose

and insulin responses and gastric emptying (experiment 5)
Meal Relative Plasma Plasma Gastric
viscosity glucose2 insulin emptying
mg/100 ml pU/ml Z
Fasting® - 80 + 5.0 120 + 13° -
Clucose alone® - 173 + 4.6° 683 + 23° 43 +2.7°
7 b
Glucose + EBP 1.37 158 + 5.9° 462 + 20° 65 + 1.0
7 d b
Glucose + JRP 3.06 147 + 6.8° 402 + 31° 67 + 2.2
7 d - .d R b
Glucose + AP 6.22 132 + 6.2 203 + 29 74 + 5.8
1 See footnote 4 to table 4.
2 Determined for blood plasma collected 15 minutes after intubation.
3 The amounts of glucose remaining in the stomach were determined 15
minutes after intubation and expressed as percentage of the dose.
4  The values were obtained for the plasma from rats fasted for 24
hours just before intubation.
5 Mean + SEM (n = b); values not sharing a common superscript letter
are significantly different (P € 0.05).
6 A 20%Z glucose solution (w/v) was administered with a stomach tube
to provide 250 mg of glucose per 100 g body weight.
7 Abbreviations EBP, JRP and AP are pectin samples prepared from

edible burdock (Arctium lappa L.), Japanese radish (Raphanus
sativus [.) and apple (Malus pumila Miller var. domestica),
respectively. These pectins were dissolved in the glucose solution
at the 2% level (w/v).




Table 7 Effect of konjac mannan added to a perfusate (22 glucose
solution) on glucose absorption in the proximal jejunum
perfused in situ in rats.

Perfusate Amount of glucose absorbed

mg/10 cm jejunal segment/30 min

Glucose solution (control) 65.8 + 10.0a’2

Glucose solution + konjac mannan (test) ’ 20.4 + 3.2b

1  Average body weight + SEM of male rats used here (6 rats per
group) was 285 + 2.7 g for the control group and 283 + 3.0 g
for the test group. Under the pentobarbital anesthesia, each rat
underwent a surgical operation to make a cannulated 10 cm segment
at the proximal jejunum into which 5 ml of either a 22 (w/v)
glucose solution or similar glucose solution containing dissolved
konjac mannan (12 (w/v)) was perfused at the rate of 5 ml/30 min.
Perfusate flowed out of the distal tubing of the segment was
collected in a test tube. At the end of perfusion, the segmental
contents were washed out with saline and combined with the
perfusate, They were diluted to an appropriate concentration and
glucose was determined by the glucose oxidase method (24 ),

2 Mean + SEM (n=6); different alphabetical superscripts represent
the statistically significant difference (P<0.01).



Table 8

Effect of four kinds of water-soluble dietary fibers with different
viscosity on glucose absorption in the proximal jejunum perfused in
situ in rats

Relative Amount of
P
erfusate _ viscosity glucose absorbed
mg/10 em jejunum/30 min
2% glucose solution ( G ) - 66 + 9.2a’3
G + 17 arabinogalactan 1.02 52 + 6.22
b
G + 17 tragacanth gum 3.08 31 +6.0
G + 1% carrageenan 8.54 28 ¢t 3.6b
G + 17 guar gum 17.05 18 + 4.5b

1 Under the pentobarbital anesthesia, each rat underwent a surgical
operation to make a cannulated 10 cm segment at the proximal jejunum
into which 5 ml of either a 2% (w/v) glucose solution or similar
glucose solution containing dissolved water-soluble dietary fiber

(1% (w/v)) was perfused at the rate of 5 ml/30 min. Perfusate flowed
out of the distal tubing of the segment was collected in a test tube.
At the end of perfusion, the segmental contents were washed out with
saline and combined with the perfusate. They were diluted to an
appropriate concentration and glucose was determined by the glucose
oxidase method (24).

2 measured with an Ostwald’s viscometer at 25°C for 0.3% solution
(w/v) and the value for water was taken as unity.

3 Mean + SEM (n=5); different alphabetical superscripts represent
the statistically significant difference (P40.05).
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Glucose diffusion-rate
across a 7 mm water-layer or the
layer of aqueous konjac mannan
solutions. Glucose
diffusion-rate was measured in vitro
using an apparatus shown in Fig.11.
—@, across the water-layer; A—d ,
across the layer of 0.5% (w/v)
aqueous konjac mannan solution; and
B8, across the layer of 1.0Z (w/v)
aqueous konjac mannan solution.

All points are average of 5 trials
and vertical lines represent
standard error of the mean.



Figure 15 Glucose diffusion-rate across a water layer or
the layer of aqueous water-soluble dietary fiber
solutions ‘

18

No addition <

15 + 1% arabino-
galactan

\

T

12

T T TTTTY

+1% tragacanth
gum

+1°lecarrageenan,
guar gum

e L J

0 30 60 90 120
Minutes

Amount of glucose diffused into chamber C(mg)
w

Glucose diffusion rate was measured in vitro using an
apparatus shown in Fig.11. @——@ , across the water-layer;
OD—— , across the layer of 1.0% (w/v) aqueous arabino-
galactan solution; &——4& , across the layer of 1.0% (w/v)
tragacanth gum solution; A A , across the layer of 1.0%
(w/v) carrageenan solution; and m——m , across the layer
of 1.0% (w/v) guar gum solution.

66
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Figure 16 Glucose diffusion-rate across a water layer or
the layer of aqueous pectin solutions

~N
o
1

2°f SOF (pectins)

— -
o (%)
T I

Amount of glucose diffused into chamber C (mg/12.5 ml)
wn
M T

Baible burdock
0 =
0 30 60 90 120 -

Minutes

Glucose diffusion-rate was measured in vitro using an
apparatus shown in Fig.11 . e——e, across the water-layer;
0———0, across the layer of 2.0% (w/v) aqueous various
pectin solutions.
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Figure 17

Figure 18
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Plasma glucose responses to the control meal (glucose
alone) and the test meal (glucose plus water-insoluble
dietary fibers)

100 ml)

Change in blood glucose
(mg/
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(8,1
O
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S

Change in blood glucose
(mg/100 mi)
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o

o
r

/GlucoseﬂO%GDF
Glucose+2°%. GDF

;

Glucose alone(250mg/100gB:

0o &0 120 180
Minutes

Glucose +10%cellulose
powder

Glucose + lO°Io§?(l)kCa

p

Glucose

alone

(250 mg/100g Bwt)
0o 60 120 180
Minutes

Adult male rats were intragastrically administered a 20% glucose
solution alone or the glucose solutions containg water-insoluble
dietary fibers at the 2% or 10% level to provide 250 mg of glucose
per 100 g body weight and plasma glucose concentration was determined
for the blood samples obtained from the tail vein at time-intervals.
The vertical bars represent standard error of the mean and asterisks,
significant differences from the control values at the specified time

(P¢0.05).



Figure 19 Glucose diffusion-rate across a water-layer or
the layer of cellulose powder and GDF suspensions
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Minutes

Glucose diffusion-rate was measured in vitro using an
apparatus shown in Fig.11 . @——@ , across the water-layer;
A—A » across the layer of 1.0% (w/v) cellulose powder
suspension; ... @ , across the layer of 1.0% GDF suspension;
and across the layer of 207 GDF suspension. GDF is gobo dietary
fiber prepared-from--"gobo;" the roots of edible- burdock (Arctium = -

lappa L.).
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Table 9

Effect of water-insoluble dietary fibers on glucose response and
gastric emptying

Plasma Gastric
Meal .

~ glucose emptying

mg/100 ml %
Fasting> 117 + 924 -
Glucose alone5 268 + 14 58 + 8.0%
Glucose + 10% GDF® 242 + 14° 56 + 3.47

. a

Fasting 98 + 3
Glucose alone 295 + 12° 55 + 7.0°
Glucose + 10% cellulose powder’ 283 + 10° 50 + 6.5%
Glucose + 10% Solka Floc® 276 + 23° 56 + 3.0°

1 Determined for blood plasma collected 10 minutes after
intubation. 2 The amounts of glucose remaining in the stomach
were determined 10 minutes after intubation and expressed as
percentage of the dose. 3 The values were obtained for the
plasma from rats fasted for 24 hours before intubation.

4 Mean + SEM (n=5); values not sharing a common superscript
letter are significantly different (P{(0.05). Comparisons are
made within each experiment. 5 A 20% glucose solution (w/v)
was administered with a stomach tube to provide 250 mg of glucose
per 100 g body weight. 6 Dietary fiber prepared from "gobo'"
the root of edible burdock (Arctium lappa L.). 7 Purchased
from Toyo Roshi Co., Ltd., Tokyo. This was a preparation from
cotton fiber (100 to 200 mesh). 8 Obtained from Pfizer Co.,
Ltd., Tokyo.
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Figure 20 Effect of prolonged dietary fiber ingestion on
glucose tolerance in rats

:E: 170(
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o] ~ . .
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5 0[ L 1 1 i 1 I ]
0 60 120 180

Minutes

The glucose tolerance test was performed in rats after’
8-weeks—feeding of either a basal diet or thé basal diet added
dietary fiber (10% cellulose powder or 5% pectin). - Average
body weight + SEM of rats used here was 428 + 9 g for the basal
diet, 420 + 29 g for the basal diet + 107 cellulose powder and
400 + 13 g for the basal diet + 5% pectin. After 24-hr fast,
blood glucose concentration at fasting was determined for the
blood samples obtained from the tail vein. Then, rats were
intragastically administered a 20% (w/v) glucose solution to
provide 250 mg glucose per 100 g body weight and blood glucose
concentration was determined for the blood samples obtained
from the tail vein at time-intervals.
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Table 10

Effect of prolonged ingestion of dietary fiber on glucose absorption in
the proximal jejunum perfused in situ in rats

Diet Body weight Amount of glucose absorbed
g mg/25 cm jejunum/30 min

Basal diet? 453 + 11223 13.0.+ 0.56°

Basal diet + 5% pectin’ 433 + 13° 12.8 + 0.72%

Basal diet + 10% cellulose 456 + 9% - 16.1 +1.52%

: powder5

1 Under the pentobarbital anesthesia, each rat underwent a surgical
operation to make two small incisions on the antimesentric borders

of the jejunum at the ligament of Treitz and 25 cm distal. The loops
were initially irrigated with 0.97% NaCl solution at 37°C to remove any
residual intraluminal matter. Polyethylene catheters were inserted in
both the proximal and distal incisions and secured using silk ligature.
The perfusate was a Krebs-Ringer phosphate buffer (pH 7.4) containing
10 mM glucose, which was perfused at the rate of 1.0 ml/minute for 30
minutes. Perfusate flowed out of the distal catheter of the loop was
collected in a test tube. At the end of perfusion, the intraluminal
contents were washed out with 0.97% NaCl solution and combined with the
perfusate. 2 Semipurified, low-fiber diet. 3 Mean + SEM (n=5);
values not sharing a common superscript letter are significantly
different (P<0.05). 4 Citrus pectin, purchased from Sansho Co., Ltd.,
Osaka. 5 Purchased from Toyo Roshi Co., Ltd., Tokyo. This was a
preparation from cotton fiber (100 to 200 mesh).
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Table 11 1 O 6

Supplementary effect of various dietary fibers on body weight gains in rats
fed a purified basal diet containing 57 amaranth, 37 erythrosine or 2.57%
rose bengale for 21 days

Body weight gain for

Diet
7 days 14 days 21 days
g g g
[Experiment 1]
Basal diet 51+ 422 107 +3% 167 + 5%
Basal diet + 5% AM o7+6® a1 +82»* 73+ 15°0)
Basal diet + 5% AM + 5% chitin® 25 + 2¢ 64 + 3€ 108 + 4°
Basal diet + 5% AM + 10% chitin 4 + 12 96 + 52 145 + 49
Basal diet + 5% AM + 5% chitosan® 50 + 2* 103 + 3% 155 + 3%¢
Basal diet + 5% AM + 10% chitosan 52 + 1% 105 + 4° 165 + 72
. 7
[Experiment 2]
Basal diet | 50 + 2% 108 + 3% 162 + 2°
Basal diet + 3% ESS 17 + 5P 53 + 9P 97 + 9°
Basal diet + 3% ES + 5% chitin 42 +2%¢ 90+ 64 133+ 10
Basal diet + 3% ES + 5% chitosan 42 +2%¢ 92 + 3¢ 143 + 2°
Basal diet + 3% ES + 5% CDF° 33 4 2¢ 77+3% 126 + 8¢
Basal diet + 3% ES + 5% GDFH'C 23 + 4° 60 + 9°¢ 102 + o™
[Experiment 3]ll
Basal diet 49 + 9% 108 + 42 167 + 8°
, 12 b b b
Basal diet + 2.5% RB 15+ 9 34 + 6 65 + 10
Basal diet + 2.5% RB + 5% chitin 38 + 14%° 89 + 4° 136 + 7°
Basal diet + 2.5% RB + 5% chitosan 39 + 720 89 + 2° 142 + 4
Basal diet + 2.5% RB + 5% CDF 29 +10® 62+ 5% 101 + 119
Basal diet + 2.5% RB + 5% GDFH 12+ 9° 14+ 2° 23 + 11

1 Average initial body weight, 72.5 g (range: 67-78 g). 2 Mean + SEM (n=5);
values not sharing a common superscript letter are significantly different
(P<0.05). Comparisons are made within each experiment. 3 Amaranth (Food
red No. 2). 4 The values in parentheses indicate the number of rats
survived. 5,6 Supplied by Kyowa Fat & 0il Co., Chiba. 7 Average intial
body weight, 73.4 g (range: 66-84 g). 8 Erythrosine (Food red No. 3).

9 Dietary fiber prepared from '"gobo," the root of edible burdock (Arctium
lappa L.). 10 Prepared from GDF by delignification with sodium chlorite in
dilute acetic acid medium. 11 Average initial body weight, 76.3 g (range:
67-83 g). 12 Rose bengale (Food red No. 105).
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Table 12

Supplementary effect of various dietary fibers on body weight gains in rats
fed a purified basal diet containig 5% acid red or 57 sodium copper chloro-
phyllin for 14 days

Body weight gain for

Diet
7 days 14 days
1 8 g
[Experiment 4] 2.2 a
Basal diet 43 + 17 107 + 7
Basal diet + 5% AR 33 + 2P 68 + 3°
Basal diet + 5% AR + 5% GDF" 47 + 2° 102 + 2°
Basal diet + 5% AR + 5% CDF° 49 + 22 103 + 5°
Basal diet + 5% AR + 5% BSDEF® 46 + 32 105 + 32
. 7
[Experiment 5]
Basal diet 46 + 1% 113 + 42
" Basal diet + 5% Cu-Ch® 6 + 26 + 2P
Basal diet + 5% Cu-Ch + 10%GDF 21 + 4 52 + 10°

1 Average initial body weight, 69.2 g (range: 61-75). 2 Mean + SEM;
values not sharing a common superscript letter are significantly different
(P<0.05). Comparisons are made within each experiment. 3 Acid red (Food
red No. 106). 4 Dietary fiber prepared from ''gobo,"the root of edible

burdock (Arctium lappa L.). 5 Dietary fiber prepared from carrot.

6 Dietary fiber prepared from bamboo shoot. 7 Average initial body

weight, 65.4 g (range: 54-79 g). 8 Sodium copper chlorophyllin.



Table 13

Supplementary effect of three kinds of cereal dietary fibers and their
holocellulose fractions on body weight gains in rats fed a purified
basal diet containing 57 amaranth

Body weight gain for

Diet
5 days 10 days
g g
[Experiment 6]1
Basal diet . 31 + 122 70 + 22
Basal diet + 5% AM> 2 + 3P 32 (1"
Basal diet + 5% AM + 5% WB5 7+ Zb 29 (1)
Basal diet + 5% AM + 5% CH 5+ 2P 32 (1)
Basal diet + 5% AM + 5% BH’ 5+ 1P 29 (32,26)
Diet 7 days 14 days
g g
[Experiment 7]
Basal diet 45 + 42 97 + 72
Basal diet + 57 AM 1 (-8,10) -
Basal diet + 5% AM + 5% WBH® 31 + 4° 76 + 6°
Basal diet + 5% AM + 5% CHH10 15+ 4b 78 (1)
Basal diet + 5% AM + 5% BHH'" 10 + 3° 58 + 2°(4)

1 Average initial body weight, 62.4 g (range: 57-70 g). 2 Mean +SEM;
values not sharing a common superscript letter are significantly different
(P¢0.05). Comparisons are made within each experiment. 3 Amaranth.

4 The values in parentheses indicate the number of rats survived and when
survivors were twb, individual body weight gains are indicated.

5 Wheat bran. 6 Corn husk. 7 Barley hull. 8 Average initial body
weight, 72.4 g (raﬁge: 67-79 g). 9 Wheat bran holocellulese. 10 corn
husk holocellulose. 11 Barley hull holocellulose.
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Table 14

Supplementary effect of various dietary fibers on body weight gains in rats
fed a purified basal diet containing 2% sodium iron chlorophyllin

Body weight gain for

Diet
7 days 14 days
g 8
[Experiment 8]1 _
Basal diet 48 + 32 107 + 42
b
Basal diet + 2% Fe-Ch 32 + 3° 59 + 4
Basal diet + 2% Fe-ch + 10% BH 36 + 3P 71 + 4°
b
Basal diet + 2% Fe-Ch + 10% CH 36 + 3° 68 + 3 °
[Experiment 9]
Basal diet 49 + 32 110 + 5%
i b
Basal diet + 2% Fe-Ch 29 + Zb 56 + 3
Basal diet + 2% Fe-Ch + 10% W8’ 36 + 179 73 + 2°°
Basal diet + 2% Fe-Ch + 10% alfalfa® 45 + 1%€ 86 + 2°
Basal diet + 2% Fe-Ch + 10% KM’ 16 + 4° 41 + 6°
10 de be
Basal diet + 2% Fe-Ch + 10% chitin 39 + 3 67 + 6
[Experiment 10]11
Basal diet 46 + 1% 112 + 4°
b b
Basal diet + 2% Fe-Ch 18 + 3 42 + 4
Basal diet + 2% Fe-Ch + 10% GDF 2 39 + 3% 80 + 6°
Basal diet + 2% Fe-Ch + 10% GDFH 39 + 1% 85 + 6°
[Experiment 11]14
Basal diet 51 + 2° 111 + 5°
Basal diet + 2% Fe-Ch 35 + 474 58 + 4°¢
15
Basal diet + 2% Fe—Ch + 107 CMC 26 + 1° 46 + 4°
bd b
Basal diet + 2% Fe-Ch + 10% cellulose'® 34 + 3 58 + 5
powder
. ; 17 d d
Basal diet + 2% Fe-Ch + 107 brewer’s 41 + 3 83 + 6
yeast
18 be b
Basal diet + 2% Fe-Ch + 10% chitosan 32 + 3 66 + 2
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1 Average initial body weight, 74.8 g (range: 67-81 g). 2 Mean + SEM;
values not sharing a common superscript letter are significantly different
(P<0.05). Comparisons are made within each experiment. 3 Sodium iron
chlorophyllin, supplied from Nishin Kagaku Co., Ltd., Tokyo. 4 Barley hull.
5 Corn husk. 6 Average initial body weight, 68.7 g (range: 62-75 g).

7 Wheat bran. 8 Prepared by podering in a Wiley mill with a 1 mm diameter
pore sieve after in a oven. 9 Konjac mannan, native and water-soluble form
obtained from the tubers of Amorphophallus konjac K. Koch, which was supplied-
by Shimizu Kagaku Kenkyusho, Mihara, Hiroshima. 10 Supplied from Kyowa Fat g
0il Co., Chiba. 11 Average initial body weight, 66.9 g (range: 54-78 g).
12 Dietary fiber prepared from "gobo," the root of edible burdock (Arctium
lappa L.). 13 Prepared from GDF byidilignification with sodium chlorite in

dilute acetic acid medium. 14 Average initial body weight, 79.7 g (range:
72-87 g). 15 Carboxymethylcellulose, purchased from Wako Pure Chemical
Industries, Ltd., Osaka. 16 Purchased from Toyo Roshi Co., Ltd., Tokyo.
This was a preparation from cotton fiber. 17 Supplied from Ebios Yakuhin

Kogyo Co., Ltd., Tokyo. 18 Supplied from Kyowa Fat & 0il Co., Chiba.



Table 15 l 1 !

Supplementary effect of various dietary fibers on body weight gains in rats

fed a purified basal diet containing 0.27% dehydroacetic acid

Body weight gain for

Diet
7 days 14 days
| 8 g

[Experiment 12]1

Basal diet 54 + 122 108 + 42

Basal diet + 0.2% DHA 23 + 4° 52 + 70

Basal diet + 0.2% DHA + 5% chitin” 26 + 3° 44 + 4°

Basal diet + 0.27% DHA + 5% chitosan5 27 + 2b 51 + 2b
[Experiment 13]6 ,

Basal diet 43 + 2° 103 + 42

Basal diet + 0.2% DHA | 14 + 3°¢ 37 + 5°°

Basal diet + 0.27% DHA + 10% alfalfa7 20 + Zb 47 + Sb

Basal diet + 0.2% DHA + 10% GDF® 16 + 3°¢ 42 + 1°¢

Basal diet + 0.2% DHA + 10% KM 19 + 42 47 + 5°

Basal diet + 0.2% DHA + 10% chitin 14 + 2°° 40 + 3°°

Basal diet + 0.2% DHA + 10% chitosan 11 + 2° 30 + 4°
[Experiment 14]10

Basal diet 51 + 2° 110 + 42

Basal diet + 0.2% DHA 17 + 2° 40 + 3°

Basal diet + 0.2% DHA + 5% choles- 11 25 + 2° 56 + 4°

tyramine resin
Basal diet + 0.27 DHA + 107% choles- ' 35 + Zd 71 + ld

tyramine resin

1 Average initial body weight, 83.0 g (range: 80-91 g). 2 Mean + SEM;
values not sharing a common superscript letter are significantly different
(P<0.05). Comparisons are made each experiment. 3 Dehydroacetic acid,
purchased from Wako Pure Chemical Industries, Ltd., Osaka. 4,5 Supplied
from Kyowa Fat & 0il Co., Chiba. 6 Average initial body weight, 90.2 g
(range: 82-99 g). 7 Prepared by powdering in a Wiley mill with a 1 mm

diameter pore sieve after in a oven. 8 Dietary fiber prepared from "gobo,'

the root of edible burdock (Arctium lappa L.). 9 Konjac mannan, isolated

from tubers of Amorphophallus konjac C. Koch and water soluble, which was

supplied from Shimizu Kagaku Kenkyusho, Mihara, Hiroshima. 10 Average
initial body weight, 75.4 g (range: 66-88 g). 11 Anion exchange resin
(Dowex 1x2, Cl—, 50-100 mesh), Purchased from Muromachi Kagaku Ce., Ltd.,
Tokyo. '



112

Table 16

Supplementary effect of various dietary fibers on body weight gains in rats
fed a purified basal diet containing 1% butyl hydroxy anisol or 1% lauryl-
benzensulfonic acid sodium salt for 14 days

Body weight gains for

Diet
7 days 14 days
1 g g
[Experiment 15]
Basal diet 45 + 28’2‘ 104 + 22
Basal diet + 17 BHA3 24 + 4b 76 + 6b
Basal diet + 1% BHA + 5% GDF" 16 + 5° 70 + 6°
Basal diet + 1% BHA + 5% MBSDF5 18 + 4b 78 + 9b
Basal diet + 1% BHA + 5% BSDF® 16 + 7° 78 + 10°
Basal diet + 1% BHA + 5% cellulose7 27 + 6b 86 + 3b
powder
, 8
[Experiment 16]
Basal diet 51 + 17 109 + 2%
Basal diet + 1% LBS® 20 + 3P 49 + 3P
Basal diet + 1% LBS + 5% KM 0 27 + 3°¢ 60 + 3°
Basal diet + 1% LBS + 5% GDFH - 32 + 3¢ 64 + 4
Basal diet + 1% LBS + 5% "konnyaku" > 25 + 3° 61 + 1°
Basal diet + 1% LBS + 5% cellulose 27 + 2°€ 58 + 1°
powder

1 Average initial body weight, 63.6 g (range: 57-70 g). 2 Mean + SEM;
values not sharing a common superscript letter are significantly different
(P<0.05). Comparisons are made within each experiment. 3 Butyl Hydroxy
Anisol, purchased from Wako Pure Chemical Industries, Co., Osaka. & Dietary
fiber prepared from '"gobo," the root of edible burdock (Arctium lappa L.).

5 Dietary fiber prepared from mang beans sprouts. 6 Dietary fiber prepared
from bamboo shoot 7 Purchased from Toyo Roshi Co., Ltd., Tokyo. This was
a preparation from cotton fiber. 8 Average initial body weight, 65.9 g
(range: 57-78 g). 9 Laurylbenzensulfonic acid sodium salt, purchased from
Wako Pure Chemical Industries, Co., Osaka. 10 Konjac mannan, native and
water-soluble form obtained from the tubers of Amorphallus konjac K. Koch,
which was supplied by Shimizu Kagaku Kenkysho, Mihara, Hiroshima.

11 Prepared from GDF by dilignification with sodium chlorite in dilute
acetic acid medium. 12 The solution of native konjac mannan was coagulated
by mixing with NajpC0O3 solution, boiled in water to demineralize, lyophilized
and powdered by Wiley mill.
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Table 17

Supplementary effect of variuos dietary fibers on body weight gains in rats
fed a purified basal diet containing 75 ppm cadmium for 28 days

Body weight gain for

Diet
7 days 14 days 21 days 28 days

g g 8 g
[Experiment 17]l
Basal diet 45 + 1%°%108 + 167 + 235 + 5°
Basal diet + 75 ppm Cd 25 +2° 54+ 98 + 152 + 7
Basal diet + 75 ppm Cd 27 +2° 70+3% 117 +5% 172 + 8P
+ GDF’
Basal diet + 75 ppm Cd 26 +1° 64 + 3% 111 + 5P 165 + 6°

+ "konnyaku"4

1 Average initial body weight, 68.5 g (range: 60-78 g). 2 Mean + SEM;
Values not sharing a common superscript letter are significantly different
(P 0.05). 3 Dietary fiber prepared from "gobo," the root of edible burdock
(Arctium lappa L.). 4 The solution of native konjac mannan was coagulated
by mixing with NaC03 solution, boiled in water to demineralize, lyophilized
and powdered by Wiley mill. '
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Figure 21 Supplementary effect of 10% GDF on the growth in
rats fed a purified basal diet containing 2% sodium
iron chlorophyllin for 28 days

300¢

Change in body weight (g)

O'LL "

0 7 14 21 28
Days

After standardization by feeding a purified basal diet
for 5 days, the rats were divided 3 groups of 5 rats on the
basis of body weight. Then, animals were fed ad libitum
respective experimental diets for 28 days. On the day
indicated by an arrow the animals for control group and test
group were fed newly prepared respective experimental diets.
O——0 , basal diet; @——® ,basal diet + 2% sodium iron

chlorophyllin; and &4———& , basal diet + 2% sodium iron
chlorophyllin + 107% GDF.



Table 18

Effect of dietary fat sources on weekly and total body weight gains, food intakes and feed
efficiencies in rats fed a purified basal diet containing 27 sodium iron chlorophyllin1

Dietary fat Body weight gain
Diet source
Week 1 Week 2 Total for 2 wks
g B g
. 2 3 a,4 a a
Basal diet , HCO 51+ 3 56 + 3 109 + 6
Basal diet + 2% Fe-Ch’ HCO 47 + 2° 47 + 3° 9% + 5%
Basal diet + 2% Fe-Ch + 10% GDF® HCO 48 + 12 47 + 32 95 + 42
Basal diet + 2% Fe-Ch Corn o0il 23 + 4% 26+ 3P 47 + 6°
‘Dietary fat Food ~ Feed efficiency
Diet
: source intake Apparant7 Net8
g/rat/14 days
Basal diet ' HCO 219 + 9% 0.50 + 0.01®  0.05 + 0.01%
Basal diet + 2% Fe-Ch ~ HCO 199 + 92 0.46 + 0.01*  0.47 + 0.01°
Basal diet + 2% Fe-Ch + 10% GDF  HCO 200 + 3° 0.49 + 0.01®  0.51 + 0.01°
Basal diet + 2% Fe-Ch ~ Corn oil 135 + 9" 0.34 +0.02°  0.35 + 0.02°

1 Average initial body weight, 76.2 g (range: 72-83 g). 2 Purified, 1low-fiber diet.
3 Hydrogenated coconut oil, purchased from Yamakei Sangyo Co., Ltd., Osaka. 4 Mean + SEM
(n=5); values not sharing a common superscript letter are significantly different (P£0.05).
5 Sodium iron chlorophyllin, supplied from Nishin-Kagaku Co., Ltd., Tokyo. 6 Dietary
fiber prepared from "gobo," the root of edible burdock (Arctium lappa L.). 7 Grams body
weight gain/g food consumed. 8 Net feed efficiencies of the groups receiving Fe-Ch and
GDF werve calculated on the basis of actual nutrition intakes.
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Table 19

Supplementary effect of GDF on body weight gains, food intakes and feed efficiencies in rats fed
a purified fat-free basal diet containing 2% sodium iron chlorophyllinl

Body weight gain for

Diet
7 days 14 days 21 days 28 days
, g g g g
Basal diet - 56 + 1% 116 + 12 171 + 12 217 + 4°
Basal diet + 2% Fe-Ch® 55 + 2° 110 + 6° 169 + 92 209 + 92
Basal diet + 2% Fe-Ch + 10% GDF” 58 + 22 115 + 3° 162 + 5% 205 + 4%
Food Feed efficiency
Diet , intake 3 - 7
Apparent Net

g/rat/28 days

Basal diet 641 + 10° 0.34 + 0.01% 0.34 + 0.01%
Basal diet + 2% Fe-Ch | 634 + 20 0.33 + 0.01% 0.34 + 0.01%
Basal diet + 2% Fe-Ch + 10% GDF 693 + 11° 0.30 + 0.02% 0.34 + 0.02°

1 Average initial body weight, 125.5 g (range: 112-135 g). 2 Purified, low-fiber diet.

3 Mean + SEM (n=5); values not sharing a common superscript letter are significantly different
(P<0.05). 4 Sodium iron chlorophyillin, supplied from Nishin-Kagaku Co., Ltd., Tokyo.

5 Dietary fiber prepared from "gobo," the roots of edible burdock (Arctium lappa L.).

6 Grams body weight gain/ food consumed. 7 Net feed efficiencies of the groups reciving Fe-Ch
and GDF were calculated on the basis of actual nutrition intakes.
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Figure 22 Effect of dietary supllement of 107 GDF on the
time-dependent change in oxygen consumption of
a purified basal diet with corn oil as fat
source containing 27 sodium iron chlorophyllin

100(

Oxygen comsumption(%)

0 5 10 15 20
Days

The percentage of oxygen consumption was calculated as
follows. Percentage (%) of oxygen consumption = ( 1 - B/A )
x 100. A represents the amount of oxygen in-the head-space
of tube containig 5 g basal diet. B represents the amount
of oxygen in the head-space of tube containing 5g basal diet
added 2% sodium iron chlorophyllin or basal diet 2% sodium
iron chlorophyllin and 10% GDF. O——0 , basal diet;

- ®——® , basal diet + 2% sodium iron chlorophyllin; and
A&——A , basal diet + 2% sodium iron chlorophyllin + 10%
GDF. ' : S SR :



130

Figure 23 Effect of dietary supplement of 107 GDF on the
time-dependent change in pentane production of
a purified basal diet with corn oil as fat
source containing 27 sodium iron chlorophyllin
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The amount of pentane in the head-space gas of tube containing
1 g basal diet, basal diet + 2% sodium iron chlorophyllin or basal
diet + 2% sodium iron chlorophyllin + 10% GDF was analysed by gas
chromatography. The value for basal diet was taken as unity.
O———0 , basal diet; @———@ , basal diet + 2% sodium iron
chlorophyllin; &————& , basal diet + 2% sodium iron chlorophyllin
+ 10% GDF. '



Figure 24 Influence of prolonged ingestion of a purified
basal diet containing corn oil as the dietary
fat source added 2% sodium iron chlorophyllin
with or without 10% GDF on growth rate of rats

8

Change in body weight (g)

o
~N
w
~
w
o
<

Weeks

After standardization by feeding a purified basal diet
for 5 days, the rats were divided into 3 groups of 5 rats on
the basis of body weight. Then, animals were fed ad libitum
respective experimental diets for 7 weeks. Q———O , basal
diet; @——@ , basal diet + 2% sodium iron chlorophyllin;
and A——4A , basal diet + 27 sodium iron chlorophyllin +
107 GDF : : P —
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Table 20

Supplementary effect of GDF on weekly and total feed efficiencies in
rats fed a purified basal diet with corn oil as fat source containing
2% sodium iron chlorophyllin for 7 weeksl

Feed efficiency

Period 2 3 4
Basal diet” (B) B + 2% Fe-Ch™ (C) C + 10% GDF

g body weight gain/ g actual nutrient intakes

Week 1 0.54 + 0.01%° 0.46 + 0.02° 0.58 + 0.022
Week 2 0.47 + 0.012 0.39 + 0.04° 0.45 + 0.04%P
Week 3 0.42 + 0.022 0.31 + 0.02° 0.39 + 0.012
Week 4 0.35 + 0.022 0.22 + 0.02° 0.27 + 0.02°
Week 5 0.29 + 0.03% 0.20 + 0.01° 0.27 + 0.032°
Week 6 0.26 + 0.022 0.10 + 0.02° 0.19 + 0.03¢
Week 7 0.23 + 0.02% 0.10 + 0.02° 0.10 + 0.03°
Total for 0.37 + 0.01% 0.25 + 0.02P 0.32 + 0.01°
7 weeks

1 Average initial body weight, 88.8 g (range: 82-102 g). 2 purified,
low-fiber diet. 3 Sodium iron chlorophyllin, supplied from Nishin-—
Kagaku Co., Ltd., Tokyo. 4 Dietary fiber prepared from '"gobo,'" the
root of edible burdock (Arctium lappa L.). 5 Mean + SEM (n=5);
values not sharing a common superscript letter are significantly
different (P¢0.05). Comparisons are made within each period.
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Figure 25 Sketch of restraining metabolism
cage

m

S ocosmaamovoosew

-

1718



155

Figure 26 Growth curves of rats fed various diets in restraining
metabolism cages

250¢

200

150t

100

Change in body weight (g)

0 S 20 27 34 41
Days

Weanling male rats were fed ad libitum a 257% casein-sucrose based
diet in usual cages for the initial 9 days. On the day indicated by
an arrow RMC all the animals were housed in restraining metabolism
cages and continued to feed the same diet for 11 days to accustum them to
the new condition. . Then, they were divided into 4 groups of 5 rats
and fed ad libitum respective experimental diets for further 21 days.
O——0 , 25% casein-sucrose basal diet; @&—® , basal diet + 2.5%
rose bengale; &———A , basal diet + 2.5% rose bengale + 5% chitosan;
O——0 , protein-free diet. During the experimental feeding period,
body weight and food intake were recorded daily and urine and feces
were collected for the last 3 days of each week during which their body weight
was not recorded. All animals fed the basal diet + 2.5% rose bengale
died on the way of the experimental feeding period as indicated by
crosses. The animals fed the basal diet in restraining metabolism
cages grew at the rate of about 70% of that attained in usual non-
restraining cages. » 7
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Table 21 Body weight gains of rats fed a purified basal diet

containing rose bengale at various dietary levelsl

Body weight gain for
Diet
7 days 14 days 21 days 28 days
g g g g

Basal diet 41+ 552 93+ 5% 151+ 5% 2104+ 7°
Basal diet + 0.5% RB- 39+ 5% 87+ 6% 134 + 470 187 + 770
Basal diet + 1.0% RB 28 +5%° 77 +6* 122+5° 181+ 5P
Basal diet + 1.5% RB 18 +5°¢ 51+7° 88+ 7% 115+ 6°
Basal diet + 2.0% RB 10+3% 364+5°  es+8d 85+ 14¢
Basal diet + 2.5% RB 2+19 15 44% 2547 41+ 6°
1 Average initial body weight (n=5), 76.6 g (range: 70 to 82 g).
2 Mean + SEM; values not sharing a common superscript letter within

a column are significantly different (P
3 Rose bengale.

0.05).



Table 22 Effects of three kinds of diets on food intakes, body weight gains and feed efficiencies when pair-fed
to consume the same amount of nutrients

Group Diet Feeding method’ Food intake

No. ' Amount of diet Net nutrient
eaten fraction consumed
g/21 days g/21 days
1 Basal diet Ad 1ibitum 435 + 25%°2 435 + 25°
2 Basal diet + 2.5% RBS Ad 1ibitum 146 + 12° 142 + 1P
3 Basal diet + 2.5% RB Ad 1ibitum 364+ 9° 337 + 8¢
+ 57 chitosan

4 Basal diet Pair-fed to NI of group 2 142 + 11° 142 + 11P
5 Basal diet + 2.57 RB Pair-fed to NI of group 2 154 + 13b 142 + 11b

+ 5% _chitosan

Feed efficiency

Group Diet Feeding method Body weight _
No. ’ ' gain Appérent4 Net5
g/21 days
1 Basal diet Ad libitum 175 + 5% 0.41 + 0.020%  0.41 + 0.020%
2 Basal diet + 2.5% RB Ad libitum ' 4 + Gb' 0.02 + 0.041b 0.02 + 0.040b
3 Basal diet + 2.5% RB Ad 1libitum 123 + 3¢ 0.34 + 0.010°  0.37 + 0.011°
+ 5% chitosan

4 Basal diet Pair-fed to NI of group 2 33 + 74 0.23 + 0.032° 0.23 + 0.032°
5 Basal diet + 2.5% RB Pair-fed to NI of group 2 24 + 79 0.15 + 0.032° 0.16 + 0.032°

1 "Pair-fed to NI of group 2" means that nutrients intake was equal to that consumed by the partner of group 2.
2 Mean + SEM (n=5); values not sharing a common superscript letter within a column are significantly different
(P¢0.05) 3 Rose bengale 4 Grams body weight gain for 21 days/g food consumed in the same days.

5 Net feed efficiency was calculated on the basis of actual nutrients intakes.

LNl
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Table 23 True digestibility and biological value of dietary protein when
rose bengale and chitosan were added singly or in combination
to a purified casein-sucrose diet

True digestibility2

Diet 3
Week 1 Week 2 Week 3
yA YA yA
Basal diet 97.9 + 0.5%%97.6 + 0.3% 96.9 + 0.4°
Basal diet + 2.5% RB 80.1 + 2.7° - -
Basal diet + 2.5% RB + 5% chitosan 87.7.1 0.4 86.7 + 0.4b 89.0+ 0 Sb

Biological value6

Diet

Week 1 Week 2 Week 3
Basal diet : | 60.8 + 2.2% 65.3 + 1.9% 64.7 + 2.3°
Basal diet + 2.5% RB 38.2 + 5.1° - -
Basal diet + 2.5% RB + 5% chitosan  63.5 + 3.2% 64.4 + 4.3% 65.8 + 3.1°

1 Average initial body weight (n=5), 134 g (range: 127 to 145 g).

2 True digestibility of dietary protein (D) was calculated by the following
equation: D = (I - F + F,) X 100/I, where I is N intake; F, fecal N excretion
when fed casein-containing diets and F,, fecal N excretion when fed a protein-
free diet.

3 Urine and feces were collected for the last 3 days in each week and
analyzed for the nitrogen. '

4 Mean + SEM; values not sharing a common superscript letter within a column
are significantly different (P<0.05).

5 Rose bengale.

6 Biological values were calculated from the following equation:
(I1-F+F,-U+7U,) X100/I - F + F,, where U and U, are urinary N
excretions in rats fed casein-~containing and protein-free diets, respective-
ly. Other abbreviations are the same those stated above for the calculation
of true digestibility. Average fecal and urinary N excretions in rats fed a
protein-free diet were as follows: week 1, 18.0 + 2.0 and 211 + 38.6 mg/3 days;
week 2, 14.8 + 0.5 and 111 + 22.1 mg/3 days; and week 3, 14.3 ¥ 0.6 and
105 + 16 2 mg/3 days, respectively.



Table 24 Effect of the concurrent addition of chitosan on the body
weight gain in rats fed a purified, low-fiber diet with
amino acid mixture as the dietary protein source and
glucose as the the dietary carbohydrate source containing
2.5% rose bengalel

Body weight gain for

Diet
7 days , 14 days
g g
Basal diet’ o 37.5 + 2.0%°3 79.3 + 3.6°
Basal diet + 2.5% RB" | 9.8 +2.6° 2.7 +4.9°

~ Basal diet + 2.5% RB + 5% chitosan 24.8 + 1.9°  50.0 + 3.1°

1 Average initial body weight (n=5), 82. 2 g (range: 74 to 89 g).
Feeding period, for 14 days. {

2  Amino acid mixture and anhydrous glucose were the only protein "
and carbohydrate source for the basal diet. The dieatry level
of amino acid mixture was 18.52%. The composition of amino acid
mixture was identical with the mixture used Rogers and Harper (60)
on which a maximal growth rate was attained in rats.

3 Mean + SEM; values not sharing a common superscript letter are
significantly different (P4£0.05).

4  Rose bengale.



Table 25 The capacity of chitosan to bind rose bengale at pH 7.4 and
sequential pH change (pH 2.0 to 7.4)
. 1
ﬁldddlczliotnosoai IiBo ) Amount of RB  Amount of RB
Method ai pH of medium absorbed by remaining in
assay medium chitosan assay medium
RB Chitosan
mg/5 ml medium mg mg
A2 12.5 25.0 7.4 9.6 2.9
B3 12.5 25.0 2.0 to 7.4 10.4 2.1

1 Rose bengale.

2 To 25.0 mg of chitosan placed in a 20 ml flask was added 5 ml of
phosphate buffer (pH 7.4) containing 12.5 mg rose bengale. After the
flask was incubated at 37°C for 16 hours with shaking (90 strokes/min),
the contents were centrifuged and the concentration of rose bengale in
the supernatant was determined colorimetrically at 548 nm.

3 To 25.0 mg of chitosan placed in a 20 ml flask was added 5 ml of
hydrochloric acid solution (pH 2.0) containing 12.5 mg rose bengale.
After the flask was incubated for 20 minutes with stirring, 10% sodium
bicarbonate was added to the flask to adjust the contents to pH 7.4,
and then the flask was stirred for further 20 minutes. The contents
were centrifuged and the concentration of rose bengale in the super-
natant was determined colorimetricall at 548 nm.
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Table 26 Effect of the addition of rose bengale alone or rose bengale
plus chitosan to 1ncubation medium on in vitro trypsin
activ1ty1

Final Addition of . .
concentration chitosan to Irypsin activity

of rose bengale assay medium Tyrosine equivalent produced

added

mg/5 ml medium mg/5 ml medium umoles/10 min umoles/20 min

No addition 0 1.2 + 0.07%2 1.5 + 0.06%
12.5 0 ‘ 0.1 + 0.01b - 0.2 + 0.01b
12.5 25 0.2 + 0.01° 0.3 + 0.01°

2.9 0 0.5 + 0.05° 0.7 + 0.05°
2.1 0 0.6 + 0.06° 0.8 + 0.07°

1 The trypsin activity was assayed with casein as a substrate according
to the Kunitz's method (61). The activity was expressed as tyrosine
equivalent of tyrosine-like substances liberated into acid-soluble
fraction for 10 minutes or 20 minutes. The amount of tyrosine-like
substances liberted into acid-soluble fraction was determined
colorimetrically at 280 nm. The content of trypsin in the assay medium
was 0.02 mg.

2 Mean + SEM (n=5); values not sharing a common superscript letter
within a column are significantly different (P<0.05).



Table 27 In vitro sucrase and dipeptidase activities remaining in
everted jejunal rings of rats fed three kinds of diets for
21 days, as measured in the absence or presence of added
rose bengale in the incubation medium
Diet Addition of Sucrase Dipeptidase activity
rose bengale activity
to the medium
Glucose Glycine L-Leucine
produced produced produced
mg/medium umoles/3 cm jejunum/10 min
Basal diet  No addition 3.2 + 0.1%°3 10.7 + 1.5 9.6 + 1.4°
Basal diet,  No addition 3.2 +.0.3° 8.1 +2.22 7.3+2.1°
+'2.57 RB
Basal diet No addition 3.1+ 0.3  10.0 +1.22 9.5+ 1.1
+ 2.57 RB
+ 5% chitosan
Basal diet  No addition 3.3 + 0.3% 7.2 +1.2% 7.3+ 1.3
Basal diet 12.5 2.0 + 0.2b 2.3 + 0.3b 2.2 + 0.3b
Basal diet 2.9 2.8 + O.Bab 3.0 + 0.5b 2.9 + O.Sb
Basal diet 2.1 3.2 + 0.2% 3.1+ 0.4° 3.1+0.5°

1 Sucrase activity was expressed as

umoles of glucose produced when

3 cm segment of the everted jejunum wsa incubated for 10 minutes.
2 Dipeptidase activity was expressed as umoles of glycine and L-
leucine produced from glycyl-L-leucine per 3 cm segment per 10

minutes.

3 Mean + SEM(n=5); values not sharing a common superscript letter
within a column are significantly different (P<0.05).

4  Rose bengale.



Table 28 Effect of the addition of chitosan and rose bengale to the incubation medium on the L—[U—14C]valine transport
in the everted sacs from the proximal jejunum of rats fed three kinds of diets for 21 days
: . 1 ' '

Diet Addition of medium No. of Total radioactivity A + B/1Q0 mg Total radioactivity

- sacs transported sac remaining in tZe

RB Chitosan mucosal fluid
to the serosal = to acid-soluble
fluid (A) fraction in the
sac tissue (B)
mg/medium dpm dpm dpm dpm
Basal diet - - 6 1275 + 132% 2794 + 241% 1130 +103* 10792 + 563%
Basal Diet - - 6 1584 + 1367 2802 + 379% 1218 + 1482 10278 + 357°
+ 2.5% RB

Basal diet - - 6 1366 + 247% 3174 + 4992 1261 + 318% 10315 + 2142
Basal diet - - 6 2214 + 161% 2518 + 314% 1121 + 116% 9526 + 576%
Basal diet 12.5 - 6 735 + 64° 763 + 720 398 + 51 14614 + 211°
Basal diet 12.5  25.0 6 742 + 53° 778 + 116° 454 + 63° 14460 + 187°
Basal diet - - 7 2012 + 1772 2391 + 2382 1196 + 123% 9875 + 522%
Basal diet 12.5 - 7 724 + 83° 651 + 54° 386 + 48° 14510 + 186°
Basal diet 2.9 - 7 1172 + 74° 1244 + 113° 701 + 67° 12341 + 201°
Basal diet 2.1 - 7 1190 + 97° 1251 + 121° 735 + 98° 12224 + 244°
1 The initial concentration of cold L-valine in the medium was 1 mM which was labeled with 0.01 u Ci of L-[U—lAC]caline.

2 Represents the total radioactivity incorporated in the trichloroacetic acid-soluble fraction of the effective sac
tissue cut off both ends ligated.

Wet weight of the effective sac tissue.
Possible volume change during the incubation period was neglected.
Mean + SEM; values not sharing a common superscript letter within a column are significantly different (P<0.05).

vt W

691
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Figure 27 Supplementary effect of 5% chitosan on the growth
in rats fed a purified basal diet containing 2.57%
rose bengale

300r
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After twenty-five weanling male rats were fed ad libitum a
purified basal diet for 5 days, the animals were divided 3
groups, which were a basal group (n=5), a control group (n=15)
and a test group (n=5) and fed ad libitum respective
experimental diets for 14 days. The animals for basal group,
control group and test group were fed a purified basal diet
(O——O0 ), a purified basal diet + 2.5% rose bengale (@—® )
and a purified basal diet + 2.5% rose bengale + 5% chitosan
( A4———4 ), respectively. On the day indicated by an arrow
the animals for control group were divided 3 groups into 5 rats

and fed ad libitum respective experimental diets for further
14 days.
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Table 29

Composition of experimental high-cholesterol

diet

Constituent Basal Control Test
D) (63} (679

Casein 20 20 20
Corn oilV 5 .5 5.
Salt mixture? 4 4 4
Vitamin mixture® 1 1 1
Choline chloride 0.2 0.2 0.2
Cholesterol ’ — lor04 1lor 0.4
Sodium cholate — 0.30r 0.1 0.3 0r0.1
Test substance® — — 5 or 10

Mixture of equal Parts of . to make 100
sucrose and e-corn starch®

U Mixed with retinyl palmitate, ergocaiciferol and

2,
)

< o

dl-a-tocopherylacetate to provide 6000IU, 600
IU and 100 mg/kg diet, just before preparing
the diets.

This was identical with Harper’s mixture(26)
Gobo (edible burdock roots), daikon (Japanese
radish roots), moyashi (mung-bean sprouts),
takenoko (bamboo shoots), corn husk, barley
hull, wheat bran, holocellulose made from
gobo, alfalfa, alfalfa extracted with boiling
water, and alfalfa extracted with boiling water
and hexane were used at the levels indicated
in each table. : : .

4 a-Corn starch : pregelatinized corn starch.
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Effects of Various Vegetable Fiber on Body Weight Gain, Food Intake, Liver

Table 30 Lipids and Liver and Plasma Cholesterol Levels in Rats Fed Cholesterol and
Sodium CholateV
Weight Food Liver lipids Cholesterol
Diet gain intake Total Corcentration Liver Plasma -
(g/8days) (g/3days) (mg> (mg; g tissue) (mg/g tissue) (mg, 100ml) .
Basal 714582 146 + 10® 512+ 32* 44+ 4o 1.9£0.2% 92+ 3¢
Control® 63+3% 131+ 7¢ 1053+ 47° 79+ 2° 24.5£1.3% 260+31°
Control +5% gdbo 69432 145+ 5°* 930+ 51° 78 7" 24.1+1.1° 27635
Control+5% daikon 66+3% 135+ 5% 1098 + 94° 83+ 8> 23.3+1.1° 263+24°
satrol--5% moyashi 60+ 52 125+ 98 1123+185> 101+17° 21.8+1.0° 293+11P
Control 457 takenoko 66+2* 143 + 5° 1088 £ 97° 85+ 5> 22.2+0.8> 285+33

1) The average initial body weight was 125g and experimental period was 8 days.
2 SEM of the mean and the values with different alphabetical superscripts are significantly different

($<0.05).

3 Cholesterol and sodium cholate were added to the basal diet at 1% and 0.3% levels, respectively.
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Table 31 Lipids and Liver and Plasma Cholesterol Levels in Rats Fed Cholesterol and
Sodium Cholate?

Weight Food Liver lipids Cholesteroi
Diet gin intake Total Concentration Liver Plasma :
(g/8days) (g/8days) (mg)  (mg g tissue) (mg/g tissue) (g 1Mml) |
Basal 66 13222 134 780 497 + 49+ 47 +28 v 2.240.2 94 +10*
Control® 612> 127 22 1049 + 44® 8945 22.2+1.2> 270+30°
Control+5% corn husk 70+30 139 £4° 1078 = 70® 83+£4°> 21.8+0.9® 31825
Control+5% barley hull 69 £ 43b 137 £ 8sb 982+ 6£9° 83+£3% 22.1+1.1® 23339
Control+59% wheat bran T1+3b 139+ 50 1103 £ 122> 89+8% 22.1+1.2° 3103+43°
Control +59% holocellulose® 68 £ 4P 137 £330 1046 =101 8718 21.1+1.1 316+37°

D The average initial body weight was 121g and experimental period was 8 days.

2 See footnote 2 in table 30,

9 Cholesterol and sodium cholate were added to the basal diet at 1% and 0.3% levels, respectively.
) Holocellulose was made from gobo.
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Efiects of Various Treatments of Alfalfa on Body Weight Gain, Food Intake

Table 32 and Liver and Plasma Cholesterol Levels in Rats Fed Cholesterol and Sodium
CholateV B
Weight Food Cholesterol
Diet gain intake Liver Plasma

(g/8 days) (g/8days) (mg/g tissue) (mg 100ml)
Basal 5143%2 120 £ 78b 2.4+0.2* 924108
Control® 49+ 4> 11445 23.1+1.4° 208 £ 15°
Control+5% alfalfa A% 63+ 580 135+ 4b¢ 31.1+1.0¢ 30125
Control4-5% alfalfa B% 65+ 4Y 139+ 4¢ 25.8+0.8> 254 + 26b¢
Control+4-59% alfalfa C% 65 + 4° 135+ 4b¢ 25.6+1.0° 279 +11¢

1) The average initial body weight was 113g and experimental period was 8 days.

2 See footnote 2 in Table 30.

3 Cholesterol and sedium cholate were added to the basal diet at 1% and 0.3% levels, respectively.
4 Non-treated alfalfa.

% Alfalfa extracted with boiling water.

8 Alfalfa extracted with boiling water and hexane.



Effects of Wheat Bran on Body Weight Gain, Food Intake and Liver and Plasma

Table 33 Cholestero!l Levels in Rats Fed Cholesterol and Sodium Cholate?

190

Weight Food Cholesterol
Diet gain intake rLiver Plasma
(g/8days) (g/8days) (mg/g tissue) (mg/100ml)
Basal 51432 120172 2.4+0.28 92+10%
Control® 58 +3sb 130+ 42 16.0+0.8® 116+ 9*
Control+10% wheat bran 66 = 20 136 +3= 19.2+1.2° 175+ 8°

1 The average initial body weight was 113g and expesrimental period was 8 days.

2) See footnote in Table 30.

3 Cholesterol and sodium cholate were added to the basal diet at 0.4% and 0.1% levels, respectively.
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Figure 28
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The Time-dependent Change in the Liver
Cholesterol Level of Rats Fed a Basal Diet Added
5% Level Konjac Mannan (KM) or Wheat Bran
{(WB) after 7-Day-feeding of a2 Hypercholesterolemic
Diet. C©, basal diet; B, basal diet+5% konjac
mannan; e, basal diet+5% wheat bran.




Figure 29
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The Time-dependent Change in the

Plasma Cholesterol Level of Rats Fed a Basal

Diet Added 3% Level Konjac Mannan (KM) or

Wheat Bran (WB) after 7-Day-feeding of a

Hypercholesterolemic Diet. ©, basal diet; M,

basal diet+52% konjac mannan; e, basal diet
+59, wheat bran.
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Figure 30
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The Time-dependent Change in the
Liver Total Lipid Level of Rats Fed a Basal
Diet Added 5% Level Konjac Mannan {KM) or
Wheat Bran (WB) after 7-Day-feeding of a
Hypercholesterolemic Diet. ©, basal diet; W,
basal diet-+52% konjac mannan; e, basal diet+
5% wheat bran.
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Table 34

Binding In Vitro of Sodium
Taurocholate?

Sodium taurocholate bound

-~

DF samples o #g/50mg DF
° sample
Gobo 3.0% 752
Holocellulose® 2.1 - 53
Moyashi 5.3 133
Daikon 6.2 155
Takenoko 7.7 193
Alfalfa 9.5 238
Cellulose powder 0.3 8
“Konjac”% 0.4 10
Corn husk 3.8 95
Wheat bran 1.4 35
Barley hull 0.8 20

H 50 mg of each DF sample was incubated for 16
hr at 37°C in 5ml Krebs-Ringer phosphate
buffer (pH7.4) containing 2.5mg (0.01 2Ci) of
sodium [24-14C] taurocholate.

2 Each value is the mean of 2 observations.

¥ Holocellulose was made from Gobo.

4 Powdered edible “konjac” (water-insoluble) was
used.
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Table 35 Composition of experimental high-cholesterol diet
Constituent Basal Control Test

Z % %
Casein » 20 20 20
Corn oill 5 5 | 5
Salt mixture2 4 4 4
Vitamin mixture2 1 1 1
Choline chloride 0.2 0.2 0.2
Cholesterol - 1 1
Sodium cholate ’ - 0.3 0.3
Test substance - - 5
Sucrose : to make 100

S

Mixed with retinyl palmitate, ergocalciferol and dl1- -
tocopherylacetate to provide 6000 IU, 600 IU and 100 mg/kg
diet, just before preparing the diet.

2 This was identical with Harper's mixture (26).



207

Cholesterol-lowering activity of pectins
Table 36 prepared from various vegetables and fruits
Diet Food intake Body wt. Total Cholesterol
gain liver
lipids 1liver plasma

g/rat/8 days mg/g tissue mg/g tissue mg/100 ml

Basal 139 + 490173 £ 3.4% 38+ 3.3 2+ 0.1% 105+ 4°
Control (€)? 128 +5.2%% 66 + 4.3° 68 + 2.7° 18 + 1.9%¢ 272 + 19®
c +uor* 120 +6.3° 65 +3.8% 50+ 2.7%11+1.2° 156+ 9°
c+upe™® 1204 7.5% 65 + 5.7° 60+ 3.0° 12 + 1.1°° 172 + 10%
c+ orre® 1314 4.5% 70+ 3.5 63 + 4.5° 14 + 4.5°F 166 + 17°
c + cp3:7 119 + 7.6%% 61 + 4.7% 62 + 3.7° 16 + 1.459® 195 + 164
3,8 b a b d bd
C+ PP 120 + 2.9° 65 + 1.9° 64 + 5.0° 17 + 0.9° 227 + 22

1. See footnote 1 in table 39. 2. See footnote 2 in table 39.

3. See footnote 4 in table 39. 4. Pectin prepared from unshu orange.
5. Pectin prepared from Japanese persimmon. 6. Pectin prepared from
Japanese radish root. 7. Pectin prepared from carrot.

8. Pectin prepared from peach.
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Table 37 The content of uronic acids, methoxyl group and viscosity
of pectins prepared from various vegetables and fruits

Pectin prepared Uronic acidsl Methoxyl groupz Relative viscosity3
from
p 4 b3
Unshu orange 61 9.45 17.59
Japanese radish root 62 . * 9.45 7.03
Japanese persimmon 80 9.77 6.66
Peach 59 ' 9.77 3.31
Carrot 67 8.35 2.17

1. Determined by the carbazole reaction ( 27 ),
2. Determined by the method of Myers et al.(28).

3. Determined for 1% solution with Ostwald’s viscosimeter at 25°C
(water=1.00).

=)
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The relative viscosity of original pectin and pectic acid

Table 38 and methyl pectates with different degree of esterification
synthesized from original pectin
Substances Relative viscosityl
Original pectin2 5.12
Pectic ac1d3 2.89
Pectin DE—13’4 . 2.26
pE-23+4 2,41
pe-3324 2.00
pE-43+4 1.54

Determined for 0.5% solution with Ostwald’s viscosimeter at 25°C
(water=1.00).

Commercial citrus pectin (purchased from Sunkist Growers, Ontario,
California),

Pectic acid and pectin DE-1 to DE-4 were prepared from original
pectin.

Degree of esterification of pectin DE-1 to DE-4 was 36.5, 49.7, 62.2
and 85.2%, respectively.



‘Table 39

Cholesterol-lowering activity of:vatious methyl pectates
synthesized which have different degree of esterification

Diet

Food intake Body wt. Total Cholesterol
gain liver
1lipids liver plasma

Basal
Control2

~ 4
Pectic acid>’*140 + 7.1° 66
1655

Pectin DE-

DE—24’5139
DE-3
DE-4 7144

g/rat/8days mg/g tissue mg/g tissue mg/100 ml
149 + 8.6172 + 4.1% 41 +1.9° 4 +0.2° 102+ 4
125 + 9.2° 52+ 5.2° 75+ 5.9° 24 +0.7° 304 + 31
i 8.3° 29 +1.6° 267 + 23

5.6 89
4.3° 28 +1.1° 267 + 19
b 1.6° 252 + 28
8.6° 63 + 6.1 76 + 3.1° 24

4+ I+
o
o o w

o
o

135 + 11.2% 64
+11.6% 62

142 + 5.8° 66
+

1+

-2
o o

4,5
4,5

1+ 14 1+ 14
1+ 14 14+ 14

6.6%° 79
5.8° 23 b
b

T o
°

8.42% 77
6.0° 22 + 0.8° 290 + 35

5.2 75
1.50 247 + 46

1+ 1+

1. Mean +

SEM; values with different alphabetical superscripts are

significantly different at p< 0.05.

2, Added 1% cholesterol and 0.3% sodium cholate.

3. Derived from commercial citrus pectin (purchased from Sunkist Growers,
Ontario, California) by hydrolysis.

4, The test substances were added at the 5% level.

5. Degree

and 85.

of esterification of pectin DE-1 to DE-4 was 36.5, 49.7, 62.2
2%, respectively.



Table 40

} vt

Cholesterol~lowering activity of various analogues of pectin

Diet Food intake Body wt. Total Cholesterol

gain liver
lipids liver plasm

g/rat/8 days mg/g tissue mg/g tissue mg/100 ml
Basal 128 + 4.5%155 +2.3% 334 0.90 2+ 0.1% 128 + 25
Control (€)% 117+ 3.1% 44 +3.0° 63 + 3.6° 21+ 1.5 279 + 52°
¢+ 6p-1%5 134 4 18,47 57 +5.2%% 69+ 1.4° 21+ 1.3° 259 + 20
¢+ 6p-113%3108 + 13.6% 48 + 9.6%% 59 + 3.0 20 + 1.4% 265 + 19°
c+EpP®8 1134 6.7% 46 +3.0°% 63+ 3.6° 21 +1.4° 318 + 42°
c+ece»®7 1234 7.2% 54+ 4.9%° 68+ 4.7® 23+ 1.4 279 + 180

1. See footnote 1 in table39. 2. See footnote 2 in table 39:

3. Degree of esterification of these derivatives was 35.7, 67.5, 20.6
and 53.1%, respectively, from the top.

4, See footnote 4 in table 5. GP : Glyceryl pectate

6. EP : Ethyl pectate 7. EGP : Ethyleneglycolyl pectate
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Table 41

Effect of dietary level of wheat bran on mouth-to-anus transit time and fecal output

Diet Food Transit Wet fecal No. of fecal
intake time welght pellets

g/day/rat hr g/day/rat no./day/rat
Basal diet' 25 + 0.6%% 15.0 + 3.4° 0.7 + 0.17° 11+ 32
Basal diet + 2% WB 26 +2.7% 9.3 + 0.8 0.9 + 0.12% 11 + 12
Basal diet + 5% WB 26+ 1.3% 9.7+ 1.2°° 1.4+ 0.11° 17 + 1P
Basal diet + 10% WB 25 + 2.8% 9.5 + 0.8 2.5 +0.27° 26 +1°
Basal diet + 20% WB 28 + 2.1* 7.8 + 0.3° 4.6 + 0,259 43 + 19

1 Semipurified low-fiber diet. 2 Mean + SEM; values not sharing a common superscript
letter are significantly different (P(0.05). 3 Wheat bran, powdered in a Wiley mill
with a 1 mm diameter pore sieve. '

934



227

Table 42

Effect of particle size of dietary fibers prepared from Japanese radish
roots and barley hull on mouth-to—-anus transit time and fecal output

Diet Food Transit Wet fecal No.of fecal
intake time weight pellets
g/day/rat hr g/day/rat no./day/rat
Basal diet’ 28 + 1.5%% 13,7 + 1.3% 0.8 + 0.07 10 + 2*
Basal diet + 10% JRR3 »
<2.0 mn 28 +2.0° 9.3 +0.2° 2.7+0.31° 3143
<1.5m 28 + 1.4 9.5+ 0.9° 2.6 +0.47° 31 +5°
<1.0mm 28 +2.62  9.3+0.8° 2.7+ 0.36° 31 + 3
Basal diet 26 +1.7%  12.5 + 1.2%* 0.6 + 0.13% 7+1°
Basal diet + 10% BH4
<2.0 mm 26 + 1.8* 8.8+ 0.7° 3.1+ 0.29° 22 + 1P
<1.5 mm 28 + 2.0° 8.5+ 0.7° 3.6 + 0.33° 22 + 1P
<1.0 mn 26 + 2.6> 8.3+ 0.7° 2.8 + 0.24° 22 + 1°

1 Semipurified, low-fiber diet. 2  Mean + SEM; values not sharing a
common letter are significantly different (P£0.05). Comparisons are made
within each experiment. 3 Japanese radish roots. 4 Barley hull.
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Table 43

Effect of holocellulose from GDF and wheat bran on mouth-to-anus transit time, wet weight of feces,

number of fecal pellets

and incidence of 1,2-dimethylhydrazine-induced colonic cancer in rats

Diet

Basal diet2

Basal diet
Basal diet
Basal diet
Basal diet
Basal diet

Food Transit Wet fecal No. of fecal 1ncidence
intake time weight pellets colonigfcancer
g/day/rat hr g/day/rat no. /day/rat %
20.4  16.9 + 1.38%3 0.6 + 0.07° 8 +1°2
+ 10% cDFH" 22.5  10.4 + 0.52° . 1.7 + 0.09" 29 + 1°
+ 10% WB® 21.8  10.0 + 0.25° 2.4 + 0.11° 16 + 3°
+ na® 20.6  16.8 + 1.38% 0.6 + 0.06 9+ 12 100
+ 10% GDFH + DMH  22.7  10.6 + 0.43° 2.1 + 0.19° 31 +1° 50
+ 10% WB + DMH 21.8  10.2 + 0.38° 2.0 + 0.12° 19 + 1° 67

1 Average

daily food intake during the entire period. 2 Semipurified low-fiber diet. 3 Mean +
SEM; values not sharing a common superscript letter are significantly different (P<0.05).
4 Prepared from GDF by delignification with sodium chlorite in dilute acetic acid medium (70).

5 Wheat bran.

6 1,2-dimethylhydrazine dissolved in 0.97 NaCl solution at the level of 1.5% was
given a stomach tube to provide 30 mg/kg body weight during the first 10 weeks and the last 8 weeks
of the study.
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