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Table 1-1

Anti-toxic activity of dietary fiber on various chemicals

reported by Ershoff

Chrono— Chemical and its
logical dietary level (%) Anti-toxic material Literature
order
1954 Glucoascorbic Oven dried alfalfa
acid (4) Cellulose powder 2
1958 Mineral oil (8, in Alfalfa meal
fat—free diet) Alfalfa residue
Defatted alfalfa
Cellulose powder 12
1959 Tween 60 (7.5-15) Alfalfa meal
Myrj 52 (7.5, 10) Dried orchard grass
Sodium alginate et al. 13
1959 Thyroid (0.5) Alfalfa meal
Todinated casein (0.5) Alfalfa residue
Cellulose powder 14
1960 Tween 20 (15,20) Alfalfa meal
Alfalfa residue
Cellulose powder 15
1972 Sodium cyclamate Alfalfa meal, Wheat
{5H) bran, Cellulose powder
Desiccated kelp et al. 19
1974 Amaranth (Food & Alfalfa meal, Pectin
Cosmetic Red No. 2) Parsley powder
(5) Cellulose et al. 20

In addition, Ershoff reported that severity of toxicity caused by DBH (2,5-

di- tert-butylhydroquinone (0.2% in diet)(16) and incidence of ovarian and/or

uterine tumors induced by ethylestradiol (20 mg/kg diet)(17) were less in

rats fed with a stock diet which was rich in

plant food residue than those

in rats fed with a purified diet and that mortality and pathological changes

in the periodontal and dentinal tissues in mice dosed total body X-

irradiation (six weekly exposures of 200 R each) (18) were also less when

fed a stock diet than when fed a purified diet.
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Table 2-1. Composition of basal diet of rat

Ingredient Amount

g/100 g of diet
1

Casein 250

Corn 0il? 5.0

Mineral mixtureS 4.0

Vitamin mixture? 1.8

Choline chloride® 0.2

Vitamin E granule6 0.05

Sucrose to make 100

1 Lactic casein, purchased from New Zealand Dairy Board, Wellington.

2 Just prior to preparing the diet, retinyl palmitate and ergocarciferol
were mixed with corn oil to provide 6,000 IU and 600 IU, respectively,
in kg diet.

3 The mineral mixture contained (in g /kg): 08003,11.72; NaCl, 9.65;
KHoPO,, 13.72; MgSO, THy0, 3.99; MnSO,: 5Ho0, 0.37; Fe(CgHgOq)-6H,0,
0.25; CaHPO4* 2H,0, 0.17; (in mg/Kg diet) CuSO,-5H,0, 62.4; ZnCl,, 56.8;
NaoMoOy4- 2HoO, 2.82; Co(CH3C00)o"4Ho0, 0.84; NasSeOq, 0.59; KIOg, 0.56.
This mix was essentially the same as the mineral mixture-2 formulated
by Ebihara, Imamura and Kiriyama (27), with exception of omitting the
following trace elements: NazsiOB-QHZO, N82B4O7'10H20, NiClB-BHZO, NaF,
NaZHAsO4'7H20, CrC13~6H20, SnSO4, NH4V03.

4 This was identical with Harper’s mixture (28) with sucrose as a diluent.

5 Added as a 50% solution in 50% ethanol.

6

Trade name is "Juvera granule", purchased from Eisai Co., Tokyo. It

contained 200 mg of all-racot-tocopheryl acetate per gram.
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Table 2-2. Effect of dietary level of gobo dietary fiber (GDF) on the body

weight gain of rats fed a purified diet containing 5% amaranth

(experiment 1)(62)

Average body weight gain for

Diet

7 days 14 days 21 days1
g g g

Basal diet 47 + 1.4%2 104 + 2.6° 6L+ 3.6™
Basal diet
+ 5% Amaranth® 10 + 3.3° 55 (42,67)Y 96 (83,109)
Basal diet
+ 5% Amaranth
Fo1% GDF° 17 + 4.9° 41 + 8.0P 79 + 12.9P
Basal diet
+ 5% Amaranth
+ 2% GDF 35 + 4.2° 70 + 4.7° 119 + 5.7
Basal diet
+ 5% Amaranth
+ 3% GDF 40 + 4.32C g2 + 5.5¢4 133 + 8.6°d
Basal diet
+ 5% Amaranth
+ 5% GDF 46 + 2.8%° 96 + 3.92d 151 + 2.79
Basal diet
+ 5% Amaranth
+ 10% apFo 55 + 2.39 119 5 4,10 178 + 4.6°
1 Average initial body weight, 64.2 g each (range:53 to 74 g).
2 Mean + SEM; values not sharing a common superscript letter are

significantly different (/X0.05).
2 Food Red No. 2, trisodium salt of 1-(4-sul fo-1-naphthylazo)-2-
naphthol-3,6-disulfonic acid (Food Red No. 2), purchased from San—Ei

Chemical Industries, Ltd., Osaka.

4 The figures in parenthesis indicate individual weight gains of animals
survived.
5 Dietary fiber prepared from "gobo", the roots of edible burdock

(Arctium lappa L.) purchased from a local dealer.

6 Average initial body weight was different only in this group: 75 g and

72 to 76 g, respectively.
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Dietary level of GDF (%)

Figure 2-1. Correlations between the dietary level of GDF and the growth
restoration of rats fed a purified basal diet containing 5% amaranth (Food
Red No. 2) (experiment 1)62. The restoration of growth (%) is expressed as
follows: (difference in body weight gains between rats fed with amaranth
plus GDF and those fed with amaranth alone) X 100/(difference in body
weight gains between rats fed the basal diet and the same diet with
amaranth. The composition of the basal diet is shown in table 2-1. GDF
refers to gobo dietary fiber, which was prepared from the roots of edible
burdock, (Arctium lappa L.). Each point is the mean of rats fed the basal
diet with 5% amaranth plus GDF at the following dietary levels: O, 1% ; @
2% AN, 3% A ,5%; [0 , 10 %, and vertical bars represent standard
error of the mean. A logarithmic curve was obtained with the following

equation: Y = 32.6 + 86.9 logX (r = 0.98). Where Y is protective activity

expressed as growth restoration and X is the level (%) of GDF supplemented.
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Figure 2-2. The rat on the left received the purified basal diet containing
5% amaranth (Food red No. 2). The rat on the right received the basal diet

containing 5% amaranth plus 5% GDF (experiment ])(125). Photograph was taken

after 21 days of feeding.
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Table 2-3. The amounts of diet and nutrient fraction consumed and body

weight gain of rats subjected to pair-feeding or forced-feeding

with three kinds of diets for 14 days (experiment 20(48’115)

®
A
.
B
1
[t
S

Amount of diet Net nutrient Body weight gain
Diet eaten fraction for
consumed
Absolute Relative 7 days 14 days
1 g/14 days % g/14 days g g

[series 1]

Basal diet 137i3.38’2 95 137+3.32 19+2.92 57i2.38(4)3

Basal diet

+ 5% Amaranth 144+4. 32 100 137+4.12 10+3. 6P 35+6.0P (4)

Basal diet

+ 5% Amaranth

+ 5% GDF 152+4.5P 105.5 137+4.12 19+3.3% 57+2.42(4)

[series 2]4

Basal diet 224 100.0  224° 38+4.12 61+5.72

Basal diet

+ 4% amaranth 233 104.2 224 21+4.2P 41+2.9°(3)

Basal diet

+ 4% amaranth

+ 7.5% GDF 253 113.0 224 41+2.92 64+2.02

1 Average initial body weight (n=5), 64.0 g (range: 54 to 71 g).

Z Mean+SEM; values not sharing a common superscript letter are
significantly different within a column (/XK0.05). Statistical
comparisons were made within each experimental series.

- The figures in parentheses indicate the number of rats survived on
which the data were based: since one rat in the control diet-fed group
died on day 9, each partner in the other groups was dropped out of the
calculation of the final body weight gain.

4q Prior to this series, rats weighing about 140 g were accustomed to
forced—feeding by intubation of aqueous suspension containing 8 g basal
diet into the stomach 4-times (0700, 1200, 1700, 2200) a day for 7 days.

5 Rats in each group were intubated to supply equal amounts of nutrients

from respective diets in the same manner as that used for the training

period.
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Table 2-4. Effect of feeding Tween 60 with or without gobo dietary fiber
(GDF) on body weight gain when fed ad Iibitum or pair—fed
(experiment 3)(122)
Feeding Nutrient Body Food Cecum
Group Diet
method intake1 weight2 efficiency3 weight
g/20 days g

A Basal diet ad Iibitum  369+14%%  164+4.52 0.446+0.012 3.0+0.12

B Basal diet
+ 15% Twn® ad libitum  181+12P 65+6.9>  0.322+0.03°> 5.9+0.2P

C Basal diet
+ 15% Twn
+ 7.5% GDF ad 1ibitum 293i6.0C 159i3.0a 0.505i0.01C 10.8j_1.1C

D Basal diet Pair—fed
to group B 181+12P 69+7.8°  0.367+0.02° 2.1+0.42

E Basal diet
+ 15% Twn Pair—fed

+ 7.5% GDF to group B 181+12P 88+7.1P 0.425+0.012 10.2+1.1€
1 Food intake not containing non—nutritive dietary supplements (Tween 60
and GDF).
2 Average initial body weight, 72.0 + 0.89 g.
3 Food efficiency (g gain/g intake), it was calculated on the basis of

the final body weight not including the cecum and on the food intake
which is the amount of nutrients fraction in the diet consumed.
4 Mean + SEM (1=5); values not sharing a common superscript letter within

a column are significantly different (/X0.05).

5 Tween 60 (polyoxyethylene sorbitan monostearate).
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w2l BoOKEM MR, XAMBROZ
nNEYIYE TCHh DI EEICHPVPLTwWE, ol BICT.
SYE W EE ML R L E, KEMMBRIEEBUHREO DT
N3 BEX Do ELLWKEREOM RHOLS
vy i, KED S REABET 2 EK(BERE)SNZ D >
h /= (Fig.2-3).

— F, SY¥GDFA m oo — 2 &g HBEIICEMLE

BAEK, BMEEIERBUVUROMMIC I THEBECEHFE SN E.

ABECE, BEEORBEDEME LT v E(Fig.2-3). 5%
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AhEfMBHP R, Zo@PpumEHEIEI SRV E WD Z
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Pl Nk P RN R R0 T 2 VTR ), e YR
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CHIEDREZ2BEEBELTWS. £ kH*FB (260, IR
o, EZHoZ, HBHPL, KALCLAOREDMRKMEGIHDH
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Table 2-5. Effect of mineral oil with or without dietary fibers on food
intake, body weight gain and food efficiency of rat fed a fat
free diet (experiment 5)
Food Body Food Cecum Epidermis
Diet intake weighi efficiency2 weight fat
gain pads
e S IR AP g g
Basal diet 514+283 237+ 9.92 0.46+0.012  3.2+0.38P 5.25+0.432
Basal diet b
+ 7.5% Mo? 5114262 208+ 3.82P 0.4140.02° 9.4+1.1¢ 3.03+0.15
Fat—free diet  497+24% 195+ 5.9® 0.39+0.01> 3.1+0.12® 4.11+0.25°
Fat—free diet
+ 7.5% MO 383+30°  74+149  0.19+0.029 2.8+0.8% 0.74+0.21°
Fat—free diet
¥ F 6% MO d
+ 5% GDF-holo®  472+172C 131+ 9.6° 0.28+0.01€ 2.8+0.32  1.83+0.31
Fat—free diet
+ 7.5% MO
+ 5% KMO 409+15P¢ 96+ 7.29 0.23+0.019 5.2+41.0P  1.00+0.10€
1 Average initial body weight, 64 g (range: 49 to 81 g)
2 Calculated according to the equation, g gain/g intake.
3 Mean + SEM (n=5); values not sharing a common superscript letter within
a column are significantly different (/X0.05).
4 Mineral oil (liquid paraffin having 15 to 20 of carbon chain length),
purchased from Nakarai Chemicals, Ltd. Kyoto.
.5 Refers to GDF-holocellulose which was prepared from GDF with sodium
chlorite in dilute acetic acid medium (30).
6 Konjac mannan which is native and water—-soluble form obtained from the

tubers of Amorphophallus konjac K.Koch, and which was kindly supplied

by Shimizu Kagaku Kenkyusho, Mihara.
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Figure 2-3. The rat on the rihgt received a fat-free diet containing 7.5%
mineral oil (experiment 4). The rat on the left received the same diet
supplemented with 5% GDF-holocellulose. Photograph was taken after 28 days
of feeding. Holocellulose was prepared from GDF with sodium chlorite in

dilute acetic acid medium (30).
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(Y- o pndBdvti-AFgd o valBic

%94 5 GDFo ¥ B AKEBRTWE, BitE>dHsZ2 UL TV
S U R R AKILE LT 51K A A4 Y EB%2, XKMH6H

CcHwE{(2BBEBREAOHMBE, AXEXRICRY Harper
(28) WM EIC-> E), ThicsET U PY,d s WwE3RL-
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¥l LT HwWE., 73I)BPGFOBRME, A 70— ALK
Bx#x TCfrokr. Sy bR FHEHBFTLER 1HONK
rLULTHEMN Yy Y iclany, i KEBHICEHE AT
14H Ml &F L E.
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Figure 2-4. Change in body weight of rats fed a 7% casein-sucrose diet {
i
containing excess glycine (5%) or L-methionine (3%)(experiment 5, ?
series ])(79). Symbols: {} , 7% casein basal diet; A , the basal diet ] ,
containing 5% glycine; -\ , the basal diet containing 5% glycine plus 5% GDF; %E
9® , the basal diet containing 3% L-methionine; (- , the basal diet l
containing 3% L-methionine plus 5% GDF. GDF refers to gobo dietary fiber, %i
which was prepared from the roots of edible burdock, (Arctium lappa L.). %:
b

i

Each point is the mean of 5 rats and the vertical bars represent standard

i

SR

error of the mean.
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Figure 2-5. Change in body weight of rats fed a large amount of retinol

with or without 5% GDF( experiment 5,series 20(87). Eight male rats weighing
about 108 g were divided into 2 groups and fed a purified basal diet
containing 5,000,000 IU of Vitamin A as retinyl acetate ( -@ ) and the same
diet supplemented with 5% GDF ( -O- ). One of 4 rats fed with retinol alone
died on the way of the experimental feeding as indicated by cross. GDF

refers to gobo dietary fiber prepared from the roots of edible burdock,

(Arctium lappa L.). Vertical bars represent standard error of the mean.
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Figure 2-6. Change in body weight of rats fed castor oil with or without 5%

GDF( experiment 6, series 1)(87)

. Eighteen male rats weighing about 66 g were
divided into 3 groups of 6 animals and fed a purified basal diet ( -O- ), the
basal diet containing 5 or 15% castor oil ( -@ ) and the basal diet

containing castor oil plus 5% GDF ( /% ). Dietary level of 5% castor oil was

increased to 15% level after 7 days of feeding. GDF refers to gobo dietary

fiber, which was prepared from the roots of edible burdock, (Arctium lappa

L.). The vertical bars represent standard error of the mean.
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Table 2-6. Effect of feeding sodium deoxycholate with or without various
dietary fibers on body weight gain when fed ad libitum
(experiment 6)(122)
Food Body Food Mortality
Diet intake weight gain efficiency
—— g/21 days

Basal diet 354 + 142 158 + 5.42  0.45 + 0.0043 0
Basal diet .
+ 1% DOCS 191 + 9.9° 68 + 6.6° 0.35 + 0.02 0
Basal diet
+ 1% DOC
+ 7.5% Chitosan® 169 + 32P 39 + 24P 0.17 + 0.11P 2/6
Basal diet
+ 1% DOC
+ 7.5% GDF 177 + 13° 61 + 10 0.33 + 0.04° 0
Basal diet
+ 1% DOC
+ 7.5% EM° 188 + 14P 614 8.0 0.5 % bop2P 2/6
Basal diet
+ 1% DOC
+ 7.5% cMcP 271 + 27° 65 + 16P 0.28 + 0.05P 2/6
1 Average initial body weight of rats, 69 g (range; 66 to 76 g).
2 Mean + SEM(n=6); values not sharing a common superscript letter within

a column are significantly different (/X0.05).

3 Refers to sodium deoxycholate.

4 Deacethylated product from chitin, kindly supplied by Kyowa Oil and Fat
Co., Chiba.

5 Konjac mannan which is native and water—soluble form obtained from the

tubers of Amorphophallus konjac K.Koch, and which was kindly supplied

by Shimizu Kagaku Kenkyusho, Mihara.

6 Refers to sodium carboxymethylcellulose, purchased from Wako Pure

Chemical Industries, Ltd., Osaka.
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Figure 2-7. Change in body weight of rats fed 2% senna with or without 5%
GDF(experiment 6, series 20(87). Six male rats weighing about 311 g were divided
into 2 groups of 3 rats and fed a purified basal diet containing 2% senna - 2

) or the same diet supplemented with 5% GDF ( <O~ ). GDF refers to gobo

dietary fiber, which was prepared from the roots of edible burdock, (Arctium

lappa L.). The vertical bars represent standard error of the mean.




Figure 2-8a,b,c. Scanning electron micrographies of rat jejunum after
feeding the basal diet (A), basal diet containing 1% DOC (B) and basal diet
containing 1% DOC plus 7.5% GDF (C) for 21 days (experiment 7)(122>.
Micrograph form of rat fed basal diet supplemented with 1% DOC suggest that
epithelial cells nearby the top of the villi were exfoliated and exposed
their lateral surfaces. A white line in each photograph is comparable to

50 u in length. DOC refers to sodium deoxycholate.
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Table 2-7

additives and chemicals

__40_

Fecal excretion and median lethal dose (LD50) of various food

RS —

Chemical and Pro~ Fecal excretion(%) LDg( (oral Litera-

its dietary tective /dose/kg body weight dose)/kg body ture

level (%) effect or whole animal weight

Amaranth

(Food Red No.2) (5) + 17.8/50 mg/rat >10 g (mouse) 44

Brilliant blue

(Food Blue No.l) (5) + 96/200 mg/rat >2 g (rat) 44

New coccine

(Food Red No.102) (5) + 30/1.2 g/kg b.wt. >8 g (rat) 44
(rat)

Sunset yellow

(Food Yellow No.5) (5) + 0.8/100 mg/rat 10 g (rat) 44

Sodium cyclamate (5) 4 10-40/5-500 mg/rat 17 g (rat) 44

Tween 80 (15) + 25 g (rat) 42

PCB (0.1) - 0.5 mg (rat)1 45

DDT (0.02) - 400 mg 43

Dehydroacetic acid (0.2) - 95.5/500 mg/kg b.wt. 1 g (rat) 44
(rabbit)

tert-Butylhydroxy— 97-100/400 mg/kg 2 g (rat) 44

anisol (1-3) - b.wt. (rat)

Sodium alkylbenzene

sulfonate - 1.22 g (rat) 42

Erythrosine 55-72/500 mg/kg b.wt 5.8-9.4 g

(Food Red No.3) (3) - (rat) (rat) 44

Rose bengale

(Food Red No.105) (2.5) - 6.48 g (mouse) 44

Glycine (5, in 323 9% 5

8% casein diet) - (chick) 44

L-Methionine (3, in 4.33 g 5

8% casein diet) o (rat) 44

Chenodeoxy cholate — 60 mg (rat)1 46

1 Indicated maximum no-effect level (MNL) since data for LDgy were not

available

2 Values obtained by intraperitoneal injection.
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Table 3-1. Composition of basal diet for chick(lzs)

Constituents %

Casein] 20

I-Arginine HC1% 1

DL—Methionine3 0.4

Glycine2 1

Corn 0il? 5

Mineral mixture5 {

Vitamin mixtured 1

Choline chloride’ 0.2

Vitamin E granules8 0.05

Carbohydrate9 to make 100

1 Lactic casein, purchased from New Zealand Dairy Board, Wellington.

2 Crystalline amino acids were kindly provided by Ajinomoto Co., Tokyo.

3 Purchased from Kohkin Chemical Co., Osaka.

4 Just prior to preparing the diet, retinyl palmitate and ergocarciferol
were mixed with corn oil to provide 5,000 IU each in kg diet.

H The mineral mixture was essentially identical with that of the mixture
formulated by Spivey Fox and Briggs(51) that contained the following
ingredients :(g/kg diet). CaHPO4- 2H50, 390; CaCOq, 202; KHoPO4, 1793
NaCl, 135; MgSO,-TH,0, 84.3; MnSO4- 5H,0, 4.94; FeSO4t THy0, 2.30; ZnCly,
2.081; (mg/kg diet) CuSO4:5Ho0, 217; KIOg, 140; NaMoOg-2Hg0, 69.9;
Co(CHBCOO)-4H20, 17.5; NaSeOq, 3.05.

6 The vitamin mixture was identical with those of Calvert et al<52>.

7 Added as a 50% solution in 50% ethanol.

8 Trade name is "Juvera granule", purchased from Eisai Co., Tokyo. It
contained 200 mg of all-rac{{-tocopheryl acetate per gram.

g

Corn starch, maltose, Sucrose and glucose were used.
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Table 3-2. Effect on body weight gain, food intake and food efficiency of
rats of feeding amaranth with or without GDF in basal diets
forh . - 1,(126)
containing various types of carbohydrates (experiment &)
Dietary Body Food Food Cecum 3
carbohydrate weight intake efficiency2 weight
gain
g/14 days g
[Series 1]
Sucrose diet 101 + 6.00% 211 + 9.1% 0.46 + 0.032 1.96 + 0.262
Sucrose diet )
+ By amaranthta)Se o BT iigegy 1400w 580 0.35 + 0.02>  8.01 + 0.37
Sucrose diet
+ 5% amaranth 106 + 4.52 230 + 4.2%€ 0.48 + 0.01% 5.53 + 0.68°
+ 5% GDF
Maltose diet 108 + 2.5 235 + 2.9F 0.45 + 0.028¢ 2.65 + 0.172
Maltose diet p "
+ 5% amaranth(4) 38 + 5.0 156 + .3b 0.21 + 0.03 7.00 + 0.46
Maltose diet
+ 5% amaranth 99 + 3.52 234 + 7.8° 0.45 + 0.02%¢ 4.75 + 0.33°
+ 5% GDF
Glucose diet 98 + 5.02 251 + 5.4°4  0.38 + 0.02°¢ 2.24 + 0.272
Glucose diet
+ 5% amaranth(4) 38 + 3.1 156 + 9.8P 0.18 + 0.03¢  11.23 + 0.574
Glucose diet
+ 5% amaranth 97 + 4.92 261 + 6.04 0.39 + 0.01P¢  5.19 + 0.46°
+ 5% GDF
[Series 2]
Corn starch diet® 108 + 2.2 266 + 5.62 0.41 + 0.012 =¥
Corn starch diet
+ 5% amaranth 164 8.9% 123 + 5.7° 0.12 + 0.05P %
Corn starch diet
+ 5% amaranth 87 + 3.7¢ 200 + 6.4° 0.43 + 0.01° -
+ 5% GDF
1 Average initial body weights were 70 g (range 52.2 to 81.2 g) in series

1, and 71 g (67 g to 76 g) in series 2. The rats

were preliminarily fed

with the respective basal diets for several days, during which time no

statistically significant difference in body weight was observed among

e s s
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the groups.

This value is expressed as g gain/ g of food intake, and the values for
rats fed with the diets containing such non—-nutritive fractions as
amaranth and GDF were calculated on the basis of food intake not
containing the amount of non-nutritive fractions consumed.

This means the cecal wet weight including all its contents.

Mean + SEM (n=5); values not sharing a common superscript letter within
a column are significantly different (/X0.05).

The figure in parentheses means the number of rats which survived and
on which data are based when this number was less than the original
number per group (5 rats per group).

Refers to raw corn starch.

The cecum was not available from these rats.
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Table 3-3. Effect on the body weight gain, food intake and food efficiency
of chicks of feeding amaranth in basal diets containing various
53 (126)
types of carbohydrates (experiment 9)
Initial Body Food Food 9
Diet body weight intake efficiency
weight1 gain
g g/21 days
[Series 1] b.3
Sucrose diet 236 + 172 582 + 282%° 0.40 + 0.01%
126 + 3.32
Sucrose diet
+ 6% amaranth 238 + 132 611 + 24P 0.41 + 0.012
Corn starch diet 260 + 138 623 + 242 0.42 + 0.032
135 + 1.1P
Corn starch diet
+ 6% amaranth 184 + 19 519 + 31P 0.38 + 0.022
[Series 2]
Glucose diet 269 + 232 681 + 217 0.39 + 0.02%
139 + 2.92
Glucose diet
+ 6% amaranth 225 + 1562 694 + 132 0.34 + 0.01%
Maltose diet 257 + 182 692 + 92 0.37 + 0.028
134 + 3.52
Maltose diet
+ 6% amaranth 220 + 9.7% 621 + 17° 0.38 + 0.022
1 The chicks were acclimatized by feeding with the respective
carbohydrate diets for 14 days after hatching, they were then
subdivided into 2 groups of 6 birds and fed with the test diets.
2 This value is expressed as g gain/g of food intake. The amount of

amaranth consumed in the groups given 6% amaranth was subtracted from
the food intake since it was a non—nutritive fraction.

3 Mean+SEM (n=6); values not sharing a common superscript letter within a

column are significantly different (/X0.05). Comparisons are made

within each experimental series.
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Figure 3-1. Change in body weight of chicks fed a purified basal diet
containing various food colors (experiment ]0)(87). Thirty-six male chicks
(Single Comb White Leghorn, B-300 strain, Babcock Industries, Ithaca, NY)
aged 2 weeks after hatching were divided into 6 groups and fed respective
diets for 14 days. Symbols: -- , Basal diet; @ , 6% brilliant blue (Food
Blue No. 1, BB); /A , 6% new coccine (Food Red No. 102, NC); 4 , 3% rose
bengale (Food Red No. 105, RB); 4 , 6% sunset yellow (Food Yellow No. 5,
SY); 43 , 6% erythrosine (Food Red No. 3, ES). All of 6 chicks fed a
purified basal diet containing 3% RB died during the course of the study as
indicated by crosses. There were no changes in growth rates of chicks fed 6%
BB 6% NC and 6% SY with exception of 6% ES. Body weight gain of chicks fed

6% ES was reduced by about 65% with statistically significant difference.

Vertical bars represent standard error of the mean.
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Figure 3-2. Chemical structure of various food additives tested.
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Table 3-4. Effect on body weight gain, food intake and food efficiency of
chicks of feeding amaranth with or without GDF in a corn starch
diet (experiment ]])(126)

Body Food Food Cecum
Diet weighi intake efficiency2 weight3
gain
g/14 days g

Corn starch diet 141 + 7.4%% 2625 0.54° 0.80 + 0.062

Corn starch diet

+ 6% amaranth 80 + 7.1P 194 0.41 1.26 + 0.192

Corn starch diet

+ 6% amaranth 79 + 8.9P 190 0.42 1.32 + 0.22

+ 5% GDF

¥ Average initial body weight of chicks, 80 g (range; 64 to 92 g).

2 This value is expressed as g gain/g of food intake.

3 Cecal wet weight containing all its contents.

4 Mean + SEM(n=5); values not sharing a common superscript letter within

a column are significantly different (/X0.05).

b Average of 5 birds housed in a cage.
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A Crude Fat,
: 0.28
Crude Protein, 7.81

Ash, 2.58
Moisture, 10.9

Unidentified, 19.7 |

‘Pectin, 16.6

)

£

LL !

> Hemicellulose, 8.9

[44]

©

0 S B .
Cellulose, 22.6 L 0O

Components of dietary fiber sample prepared from gobo, the

roots of edible burdock (Arctium lappa L.) (experiment 120(127). Pectin was

determined by the method using hexametaphosphate (66). Neutral detergent

fiber (NDF), acid detergent fiber (ADF) and acid resistant lignin were

determined by the method of Van Soest (63,64). Hemicellulose and cellulose

contents were calculated from the difference of NDF and ADF, and ADF and

acid resistant lignin (65).
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Figure 4-2.

Figure 4-3.

Scanning electron micrography of GDF(72>.

Scanning electron micrography of GDF—holocellulose<72>.
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Table 4-1. Water—-holding capacity, settling volume in water and capacity

to bind amaranth of various fractions prepared from GDF with

reference to cellulose powder and activated charcoal

( experiment ]4)1’(52)

Amounts of amaranth adsorbed
at the concentration of

Test substance WHC? sv3 20 ppm 50 ppm 200 ppm
g water/ mL/g mg amaranth adsorbed/g fiber
g fiber fiber

Cellulose powder? 5.7 5.0 0.13 0.20 0.20

Activated charcoal® 5.3 7.5 1.72 4.60 16.8

ADF® 8.5 9.0 1.64 4.18 9.15

Crude fiber’ 9.1 15.0 0.39 0.08 0.63

GDFS 13.2 23.0 0.20 0.35 0.35

NDF? 17.3 28.5 0.38 0.12 0.63

Holocellulosel? 28.0 47.0 -0.01 -0.16 -1.48

1 The methods and units used here are indicated in the text.

2 Water—holding capacity determined under the natural acceleration of
gravity.

3 Settling volume in water.

4 Purchased from Toyo Roshi Co.,Ltd., Tokyo. This was a preparation from
cotton fiber (100 to 200 mesh) and composed of alpha cellulose, 98 to
99%; beta cellulose, 0.3 to 1.0%; pentosan, 0.3 to 1.0%; ash,0.07; and
nitrogen, 0.07% after the manufacturer’s information.

5 Purchased from Wako Pure Chemical Industries, Ltd., Tokyo.

6 Acid-detergent fiber prepared from GDF by the method of Van Soest (64).

7 Crude fiber prepared from GDF by the method of AOAC (73).

8 Dietary fiber prepared from "gobo", the roots of edible burdock
(Arctium lappa L.) purchased from a local dealer.

9 Neutral-detergent fiber prepared from GDF by the method of Van Soest (63).

10 Delignified product of GDF with sodium chlorite in dilute acetic acid

medium (30).
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Figure 4-4. Settling volume in water of various dietary fiber samples(72>. The

method of Middletone and Byers (72) developed to determine the erosional behavior of
soil was applied to the determination of SV values of dietary fibers. One gram of
gir-dried sample was shaken intermittently with 70 ml of deionized water placed in a
100 mL round-bottomed flask under reduced pressure for 24 hours in order to facilitate
the penetration of water into the interstices of the sample. The contents were
transferred to a 100 mL graduated cylinder quantitatively and the volume (SV) of layer
formed by dietary fiber was read after sedimentation equilibrium was attained at room
temperature (24 hours).
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Figure 4-5. Correlation between the water holding capacity (WHC) and settling volume
in water of dietary fibers (experiment ]4)(72>. Dietary fiber was examined for WHC
Wnder the natural acceleration of gravity: One gram of air-dried sample was placed on
a filter paper fitted in a polyethylene container (6 cm in diameter and 3 cm in depth)
With 24 mesh wire bottom of stainless steel. After the container with the sample was
Placed in a larger dish containing a sufficient amount of water to immerse the sample
for 12 hours, it was removed and allowed to stand for 10 minutes to drain excess

Water, and then weighed after blotting the adherent water on the wall. By subtracting
the weight of the container fitted with a moistened filter paper and the weight of
Sample applied (1 g) from the final weight of the container with wet sample, WHC was
Obtained- WHC was determined in the same manner described in the legend to Fig. 4-4.




_"]2_

EZ=0HEH B CL B2 T wE:

— %, Ny FHECEIYVWELEEANS O AnKFRE,
FHEBYEERIM DD LDHEL, AmBEOLRIKDN
THBMICH ML = (Table 4-1). ADF® K #® & (20 ppnm)
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Table 4-2. Effect of various fractions from GDF and cellulose powdgr,

activated charcoal and lignin at 5% level on the growth of rats

fed a purified diet containing 5% amaranth (experiment 15)(62)

Average body weight gain

Diet
7 days 14 days 21 days

[Series 1]1 g g g

Basal diet 45+1.7212 106+3.72 165+6.52

Basal diet b b b

+ 5% Amaranth (control) 16+1.9 47+2.8 79+7.2

Control + 5% GDF 34+3.2€ 85+4.7¢ 134+4.3¢4

Control + 5% holocellulose® 46+2.32 99+3.32 146+4.3C

Control + 5% CF? 37+2.5° 84+4.4° 130+4.79

Control + 5% cellulose powder® 16+1.5° 46+4.3P 81+6.4P

Gontrol + B% activated charcoal®  3041.0°(4)7  60+3.2%(4) 90+3.2P(4)

[Series Z]E_ ) " )

Basal diet 46+2.422 109+4 . 82 168+5.52

Basal diet

+ 5% Amaranth (control) 19+4.9P 58+5.9P 94+9.5P

Control + 5% GDF 48+1.5% 102+2.78¢ 162+5.72

Control + 5% NDF° 43+3.42 94+4.2€ 146+8.02

Control + 5% ADFL0 31+2.8P 71+1.2P 107+3.6P

Control + 5% lignintl ~2+2.1¢ 32 (26,37)8 37 (26,48)

1 Average initial body weight, 64.8 g (range: 55 to 76 g).

2 Mean+SEM (n=5); values not sharing a common superscript letter are
significantly different (/&X0.05).

3 See footnote No. 10 to Table 4-1.

4 See footnote No. 7 to Table 4-1.

5 See footnote No. 4 to Table 4-1.

6 See footnote No. 5 to Table 4-1.

7 The value in parentheses on this line indicates the number of rats
which survived and on which data are based when this number was less
than the original number per group (5 rats per group).

8 Average initial body weight, 65.2 g (range: 50 to 80 g).

9 See footnote No. 9 to Table 4-1.

10 See footnote No. 6 to Table 4-1.

11 Alkaline lignin purchased from Tokyo Kasei Kogyo Co., Ltd., Tokyo.
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Figure 4-6. Correlation between settling volume (SV) of dietary fibers and

their protective activity against amaranth toxicity (experiment ]6)(62).
Protective activity of dietary fibers was expressed by the restoration of
growth (%) that was calculated in the same manner described in the legend to
figure 2-2. Value of SV for various dietary fibers was obtained by the
method described in the legend to figure 4-4. Symbols: O ,GDF-
holocellulose; @® -, neutral-detergent fiber of GDF; A , crude fiber of
GDF; A , GDF; [0 , cellulose powder; B , acid-detergent fiber of GDF.
Each point is the mean of 5 rats and vertical bars represent standard error
of the mean. A logarithmic curve was obtained with the following equation: Y

= -53.9 + 84.0 logX (r = 0.96). Where Y is protective activity expressed as

growth restration and X is SV value of dietary fibers supplemented.
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1.3 FAXKBEHEDREOS VICIDAEHRBRO T M

#

i

M S, RYEBMEO A BEHHBIEIRIE T oOoRD
iR EVYd, BAERZYLEIEEELEBEKL 050
A i T
HooBRr*rHERITLHEMT, MEMBEORLDLIEDHEKMEOD

v

EABVVABEILCB VAR EZARLE £ IT

EBHEE, FOWHCRE WL ES VAL FPHLUDS SN ED

D W TR U E.

KR F %
(28 16] A RMEOH NS VEHICEDERD
F o H

AEH 2MmT, 5% O — 2B KEIAmBHELCH LT
B THhBH L EHBADIKCULE, IO —-Z2AHBKDH L
B R EMNEMN, FoEWHC, Z vl EESVEKCERKNL T
s . AR PoE MU RXNILEHP L TNHIC, 2 WL SV
DEREBEE2GFoFEHALESE LT HE LV E - ATHGEDF
Vs A BB EERMEITSAETTHLD. FIT, AR
AmEmMMSBHBIC, Lo — 2% 103&% ML EMB L,
GDFE 3% M LEMB CREBEYR 2 HLKRE L E.

W % S V (relative settling volume, RSV)& &8 S V

(total settling volume, TSV)®D B H RS VI, %

ayRmECEAEoSVHIC, fBEFREML NV E BT TXK

. b A, Table 4-lc R UL EARBIKCEA SV
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i, mMm L XU R B e MEMNECK, 103 IO — X KM
B ¢ 50 mL(5.0 X 10) g/100 g diet& & Y, 3XGDF¥K I &
T 69 mL(23.0 X 3) g/100 g diet& 2 %5. T ER KK L
THE® U =M MSWHCIE 8 & T 37 g/100 g, # % T39.6 g/
e faat A T o

F P ERICED TR TSVSEPEHRLUE. Chix, RER
wlraﬁrbbziﬁﬂibt&mﬂﬁﬂb\aﬁt%énf:svm%a%%
L, RSVICfd RN R %# 8 TXK» L.

([£B17] SVEAHHRCEEI T RDRBEOREOD

vE

SVHEAAYRRERH O EER A2 S E, LRI6E & ¥,
HEp 2 RYRETCDHDRNELBRBEMICHEREL TS VHZ B
oag —2BBRKCTHF T EBSE ABFHRDVITHLHE
% T 53T TCHBH. ZTZTR, KNEORZDLIEODGFRA
g HEL, SVEUAEAHREBRCEEI T A EMERAXBO
N EOEE3BICYTCHANE, oM, L&EEOLED
EREAFO—-NoBREDIDVWT B L E.

A RERB Lo @AW 2 TWEGFE B BREL THE
mi&é4%ﬁﬂé%%&b, x2BESEM T TRKH U E.

¥ ¥FGEDF-11k, 1 mm O M LA D W% i A = Wiley millic
BLEESEBBETHY, GDF— 21, GDF-1% 100X v > a2
(Tyler, HBE 2149 pn)D A5 Wi THEALESDE TH
5. GDF-3ik, GDF-l&mMEIK UL THEBLLESLSOT, KE

H GEDF-1 MU TH AN, HodiRITER»LHEL HLLED

D T b b.

Fhan



GDF-4, GDF-51F, W3 2L £ GDF-3%2 HEWPWHE & L TH K

L. % ¥FGDF-4iX, GDF-30» — W % W-> T A J — @AM
K Ah, FoOoL2BMN2008 vy v a2 (Tyler, HBH & T4 n) D S
PWE@EBAEFTTCHEYVERLBRLED OCH L. KICGDF-
51, GDF-3» — M 2 WM - CHIEKEBEBMHBRE YLV vy 7 A
7o vkk) THB®BULEBB KTD

/14

ML =08 SRSk e

/1

5. i 4 Hr 3% B (Texture Analyse System,Leits, P4 3 )
Lt dPMEDIS, F-50FHBRHETLI2 pTH2 L, SO
FORULTHRHERIE L TCRNEET AR L2 5 3 &R
B (GDF-3, -4, -5)% @M L .

oM, miHottrso— 2B ERKRMEIE»S FABEL 22 0,
WOPE S MW ,100~ 200 mesh) &, i & % H (GDF-3) o KL &
R BEEATICERPERETEZ2ZEAZEAB (RO )b O —
20 BRI an s v E, R E, ﬁ%&ﬁ&f’bi&u\fﬁ,
A F O — LB K (M EEOD AT O — LK EI]
nm® FfL A2 W% M A EVWiley millicli UL TH®RLUED
DI EBEBoEHCHWE., EHEBRYHEHOS VoONEW,
MiRo@MYyY THhadHN, BHRATFO-ILHERIBEBKXKETD
W, KicthEhovwredvtooRBTCHEHKMZ WEL E.

FrE, #RBoS VHEIKCEZIEZRS VS REHLUE.
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E®16 Table 4-3iC &, 10%tE ) o — 2 & 3%GDFT, 3
HH LS RoFMMEErRELEEREZ2RL E S5t &MU
RNV TCTHBEBHTCHLD>EENINO—-XH, EMLAAI 2108
EFTRSVE2EDEEAKE, HELREBLBEMDREZ
~LE. ULA2b, [FBFOKRE®EEWE 3ECGDIRF & &K 5 i
EAXARL, 103 rvog — 2B ®EHRPIVGIFLE & i T b |
bz btERLTWVWE. 3HEHB#OFHEB DKL, KX
EE L A o E.

EBR1T GFOREAN, T oS VHELHBEHHLESRCS
K IET EE %R Table 4-4ic R L. 3 HORRTHE® L E
KEHEMBEL2S TFICREEAEXREZ2, ABRMEBIC, RS VIH
D/hEHIICRLTWSD, 2 HEMIERDRIE X BB
DHRKEBHMBAERCE VS DPEH T 20T, KEBHE
X(B2HE1MBHE)TH LU E.

yy-2"1c&, 1 nmmo M A2 vwEEFEMHLESLER (GF-1)
L, 2h 25149 pl FOKREOD OIS D W4 7= GDF
-2 Wi & CHMMHIESR A LB LUE. SV TGEDF-14& Y
40%1F £ /& WGEDF-20 i KRB R X, GDF-1o & Hh K U b
M20 TEHHPVPEBEIKCHAP LU E (Table 4-4, ¥J-3271).

GDF-41x, HREBHHETH DGF-30REE2F0EHNIUT
(T4ph Flic g chc << LEDBDOT, SV TD 18.5
mnL/gA» 5 10 nL/gic € F (M 4550 M 4 )L T v £ (Table 4
-4yY)-272). CTho R EBEEHRE GIF-3d b F H» 708

¥ Ttd Y ,9)-2"10GDF-2(20%® )& WV — B o E F%2RLUL E
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Table 4-3. Comparative effect of concurrent feeding of 3% GDF or 10%
cellulose powder on the body weight gain of rats fed a purified

diet containing 4% amaranth (experiment 16)(62)

No. Average body weight gain for
Diet of
rats1 7 days 14 days 21 days
g g g
Basal diet 5 42+2.8%2 95+3. 82 148+3.72
Basal diet " .
+ 5% Amaranth (control) 6 15+2.1P 57+3.9 99+7.1
Control + 3% GDFS 5 40+3.12 90+4.28¢ 142+6.02¢
Control + 10% cellulosg
powder 5 31+2.1°€ 7845.9€ 129+7.1°€

1 Average initial body weight, 65.0 g (range: 53 to 75 g).

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

3 See footnote No. 8 to Table 4-1.

4 See footnote No. 4 to Table 4-1.
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Table 4-4. Effect of particle size and settling volume in water of dietary
fiber on growth restoration of rats fed a purified diet
containing 4 or 5% amaranth (experiment ]7)(82)
Particle Specific Relative Body Percent
size SV of1 SV of DF 9 weight restoration 3
of DF D F in diet gain of growth
series 114 u mlL/g wL/100 g g/21 days %
sample diet 5
Basal diet = - 161 + 3.6% 100
Basal diet + 4% 6 :
amaranth (control) - - 58 +17(3)b, 0
control + 5% GDF-28 <149 13.5 67.5 140 + 7.2¢ 79.6 + 7.02
Control + 5% GDF-19 <¥,o00 - 23.0 115 181 = 1.3% 99.6 + 1.3P
[Series 2]10
Basal diet - - 160 + 2.72 100
Basal + 5% Powdered11
polystyrene foam <1,000 9.5 47.5 152 + 3.92 -
Basal + 5% b
amaranth (control) = - 95 + 92(5) 0
Control + 5% cellulose 74-149 5.0 2H.0 84, 182 (2) =22, 5T (2)
Control + 5% Powdered
polystyrene foam <1,000 9.5 47.5 125. # 1.7% ab.5 + 2.8
Control + 5% GDF—413 74 10.0 50.0 134 + 4.4°4 0.0 + 6.72
Control + 5% GDF-31% ¢1,000 18.5 92.5 149 + 5.08d  84.7 + 6.9°
[Series 3]15
Basal diet - = 160 + 6.82 100
Basal + 4% b
amaranth (control) & -~ 91 3. 2:2(5) 0
Control + 3.5% GDF-516 12 7.0 2.5 1834 1.79% 60,6 $11.209¢
Control + 5% Cellulose 74-149 5.0 25.0 104 + 6.3P 18:.1 &4 9.1P
Control + 3.5% GDF-3'%4  <1,000 18.5 4.8 152 + 4.83C  88.2 + 7.02
Control 17 d
+ 1.5% holocellulose <1,000 44.0 66.0 1254 B9 49.8 + 8.6°
1 SV: settling volume (mL/g) occupied by 1 g of air-dried dietary fiber

placed in water filled in a graduated cylinder. The volume was read off

by naked eyes after 24 hr—equilibration to water. The volume of

powdered polystyrene foam was determined as such in a cylinder not

containing water.
2 Relative SV (RSV) of dietary fiber incorporated into a diet was

calculated as follows:

[specific SV (mL/g) of each dietary fiber] X

[its dietary level (%)]. RVS corresponds to the SV value of dietary

fiber contained in 100 g of diet.

Loe
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Percent restoration of growth (%) is expressed as follows: (difference
in body weight gains between rats fed the test and control diets) X 100
/(difference in b. wt. gains between rats fed basal and control diets).
Average initial body weight was 71 g (range; 60 to 77 g), each group
consisted of 5 animals.

Mean+SEM; values not sharing a common superscript letter within a
column in each series are significantly different (p<0.05).

Food Red No. 2, trisodium salt of 1-(4-sulfo-l-naphthylazo)-2-naphthol-
3,6-disulfonic acid, purchased from San-ei Chemical Industries, Osaka.
The values in parentheses indicate the number of animals which

survived and on which data are based when this number was less than

the original number per group.

GDF-2 was a fraction of GDF-1 having particle size smaller than 149 n.
GDF-1 was prepared from the roots of edible burdock (Arctium lappa L.),
powdered in a Wiley mill equipped with a 1 mm diameter pore sieve.
Average initial body weight was 64 g (range; 57 to 72 g), each group
consisted of 5 animals except for the control and control + 5%
cellulose diet groups which consisted of 6 animals each.

A lump of polystyrene foam was powdered with a Wiley mill equipped with
a 1 mm diameter pore sieve. Resultant powder was used for comparison
although not dietary fiber by definition.

A preparation from cotton fiber (purchased from Toyo Roshi Co., Tokyo).
A part of GDF-3 was ground in an agate mortar until entire sample
passed through a wire-mesh sieve with openings of 74 .

GDF-3 was prepared by the same manner as that for the preparation of
GDF-1, but harvested season and district were different.

Average initial body weight was 67 g (range: 61 to 75 g), each group
consisted of 6 animals, except for the group received the control diet
which contained 7 animals.

To obtain GDF-5, GDF-3 was ground as small as possible in frozen state
with liquid nitrogen. The resultant material had mean particle size of
12 1 as determined by Texture Analyze System (Leits, West Germany). We
asked Drs. K.Yamada and K.Itoh of Nippon Reizo Co., Tokyo, for this
preparation.

Prepared from GDF by delignification with sodium chlorite in diluted

acetic acid
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D, MRV ES GIETCTEEDE, T SYEN
kb /PPEnwtEbo— 2B K(5.0 nL/g)T i, HKEoBHE
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G ALA o & (Table 454, 5 0-3"%).

GDF-3%, HBMEAEBRBEFSE T TH T 28K &P MHEEIC
By e, FHREN1I2 no @B K (GIF-5)FHF B h, £ 0
SV & 7.0 mL/gic £ THE T L £ (Table 4-4,%9-2"3). N
BEokdH/PEWZ OGIF-51F, Z< HRIEL Do E
5%t o — AR o RSV (25 mL/100 g diet)& & UL < %
B AR, EREBIGIEMREV:24.5 L7100 g diet) LT
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SV &, B B (GDF-3)m 2 £ o M « (44 mL/g)®E U k£.
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Figure 4-7. Correlation between the total SV supplied from dietary fibers
consumed and growth-restoration of rats fed a purified diet containing 4 or
5 % amaranth (Food Red No. 2) (experiment ]7)(82). A logarithmic curve with
following equation was given when percent restoration of growth (see legend
to figure 2-2) was plotted against total SV supplied from dietary fiber
consumed {SV of each dietary fiber (mg/g)} X {its intake for 21 days (g)}; Y
= - 105 + 97.2 logX (r = 0.828). Each point represents the value obtained

from individual rat of groups given the following test diets: O ,5% GDF-1;

® ,5% GDF-2; A ,5% GDF-3; A ,5% GDF-4; ¥r ,3.5% GDF-3; ¥ ,3.5%

GDF-5; O , 5% cellulose; B .5% polystyrene foam; < ,1.5% holocellulose.

The logarithmic curve suggests that total SV of dietary fiber in diet

consumed is a factor determining its protective activity and there is a

requirement of SV to attain the protective effect.
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Table 4-5. Effect of water-soluble and —-insoluble dietary fibers, and

inorganic and organic polymers on the body weight gain of rats

fed a purified diet containing 4% amaranth (experiment 159(79)

Average body weight gain for
Diet
7 days 14 days 21 days
y g g g

[Series 1]
Basal diet 42+2.822 95+3.82 148+3.72
Basal diet )
+ 3% Amaranth (control)3 15+2.1P 57+3.9P(4)%  99+7.1b(4)
Control + 3% GDFY 40+3.12 90+4. 23 142+6. 02
Control + 3% edible konnyaku6 31+1.8€ 72+3.6°€ 119+1.7¢
Control + 3% agar-agar’ 25+3.4¢d 70+2.9€ 117+2.8°
Control + 3% Sephadex G-2008 38+2.22 88+1.5%(4)  140+3.13(4)
Control + 3% imogolited 20+2.1Pd 61+4.5P¢ 105+8. 9P¢
[Series 2]10
Basal diet 42+2.222 97+4.72 153+ 4.72
Basal diet
+ 5% Amaranth (control)3 18+1.7b¢ 55+5.0P(4)%  98+10.4P(4)
Control + 3% GDF? 41+3.52 82+6.52¢d  13147.6C
Control + 3% konjac mannanll 26+3.0C 63+5.1Pd 105+9.5P¢C
Control + 3% PEGL2 9+4.2P(4) e B § 61 (1)
Control + 3% cMcl3 36+3.02 82+3.0°(4)  131+3.2S(4)
1 Average initial body weight, 65 g (range: 51 to 71 g).
2 Mean+SEM (n=5); values not sharing a common superscript letter within a

column are significantly different (P<0.05). Comparisons are made

within each series.

3 Food Red No. 2, purchased from San-ei Chemical Industries, Ltd., Osaka.

4 The value in parentheses indicates the number of rats which survived

and on which data are based when this number was less than the original

BLIER S
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12

13

number per group (5 rats per group).

See footnote No. 8 to Table 4-1.

The solution of native konjac mannan was coagulated by mixing with
NayCOg solution, boiled in water to demineralize, lyophilized and
powdered by Wiley mill.

Purchased from Katayama Chemical Industries, Ltd., Osaka.
Purchased from Pharmacia Fine Chemicals AB, Upsala, Sweden.

A sort of clay minerals, which was Kindly supplied by Dr. T.Henmi,
Department of Agricultural Chemistry, Faculty of Agriculture, Ehime
University.

Average initial body weight, 65 g (range: 51 to 71 g).

Native and water—-soluble form obtained from the tubers of
Amorphophallus Konjac K.Koch, which was kindly supplied by Shimizu
Kagaku Kenkyusho, Mihara, Hiroshima.

Polyethyleneglycol (degree of plymerization, 450), purchased from
Katayama Chemical Industries, Ltd., Osaka.

Carboxymethylcellulose, purchased from Wako Pure Chemical Industries,

Ltd., Osaka.
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Table 5-1. Effect of intraperitoneal injection with an amaranth solution on ;
body weight gain, food intake and food efficiency in rats fed a

basal diet with or without added GDF (experiment 160(48)

No. of ;t

rats Treatment? Body Food Net 3

Diet survived weight intake food o
for gain efficiency ;

21 days1 4

g/21 days g/21 days 3

Basal diet 5  Not treated 157+ 3.7%3 315+ 5.12  0.50+0.052
. 4 . a a a "

Basal diet 5  KRrPB,% i.p. 155+ 3.2 312+ 7.7 0.50+0.011 |
Basal diet 3 KRPB+Am,° i.p. 110+13.7P 243+20.6°  0.45+0.017P ¥
Basal diet ;
+5% GDF® 3  KRPB+Am, i.p. 125+ 8.6P 261+ 5.4°  0.48+0.002P

1 Average initial body weight, 69.0 g (range; 64 to 73 g).

2 One half milliliters of Krebs-Ringer phosphate buffer with or without i
added amaranth (62.5 mg amaranth/mL) were intraperitoneally injected
twice daily for the first week and 0.75 mL, for the last two weeks. The
amounts of amaranth dosed were roughly comparable to those assumed to
be absorbed when 10-15 g of the control diet were consumed daily. %f

3 Meant+SEM (n=5); values not sharing a common superscript letter within a
column are significantly different (/X0.05).

b -I‘
4 Refers to Krebs—-Ringer phosphate buffer (pH 7.2). iﬁ

5 Refers to amaranth, dissolved in KRPB at the concentration of 62.5 iﬁ
mg/mL. -
?"‘-

6 Refers to gobo dietary fiber, which was prepared from the roots of

edible burdock, (Arctium lappa L.).
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Table 5-2. Effect of feeding amaranth with or without GDF on the nature of

e e
PR E A EaEn 2 P

cecal contents of rats1 (experiment 20)(80)

o

Characteristics of cecal content

Diet

Wet weight Dry weight Moisture pH

g g g %

Basal diet 1.75+0.15%2  0.32+0.022 1.44+0.13% 81.6+1.02 7.06+0.162
Basal diet b b b b b ;
+ 5% amaranth 5.66+0.40 0.70+0.07° 4.97+0.33 87.8+0.5° 6.29+0.05
Basal diet
+ 5% amaranth b
+ 5% GDF 3.44+0.20°¢ 0.59+0.03° 2.85+0.17° 82.9+0.42 6.62+0.03°€

1 Average initial body weight was 64 g (range : 54 to 72 g) and final
body weight of each group was as follows (grams), basal diet, 163;
basal diet + 5% amaranth, 113; basal diet + 5% amaranth + 5% GDF, 157, gﬁ
respectively. Above data were based on the last day of feeding period

of 21 days. i

S

2 Mean+SEM (n=5); values not sharing a common superscript letter within a

column are significantly different (/&X0.05).

Table 5-3. Effect of feeding amaranth with or without GDF on the water 15
consumption and the ratio of water consumption to food {
consumption of ratsl (experiment 27)(80) ;;

. Body weight Food Water Water consumed/ ;m

Diet gain consumption consumption food consumed 6

g/21 days g/21 days g/21 days i

Basal diet 125i8.4a’2) 270+12.72 285+16.62 1.1+0.062 ?i

Basal diet fﬁ

+ 4% amaranth 58+3.5P(3)3 190+ 6.9P(3) 380+32.2P(3) 2.0+0.12P(3) 3

1

Basal diet o

+ 4% amaranth 2 5

+ 5% GDF 114+8.42 279+13.02 387+15.6 1.4+0.10€

e

e D

oS Fe o

by

1 Average initial body weight, 78 g (range : 71 to 87 g), experimental

T

R G Ty O

period was 21 days.

2 Mean+SEM (n=5); values not sharing a common superscript letter within a
column are significantly different (/X0.05).

3 Figures in parentheses indicate the number of rats survived and on

which data are based when this number was less than the original number

(5 animals) per group.
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Figure 5-1.  Cumulative food consumption of rats fed the basal
diet ( O ), basal diet containing 4% amaranth (@ ) and basal
diet containing 4% amaranth plus 5% GDF ( A ) for first 24 hours
of the feeding (experiment 21)(80). Average initial body weight of

rats was 78 g (range; 71 to 87 g). Each point is the mean of 5

rats and the vertical bars represent standard error of the mean.
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Figure 5-2,3,4. Scanning electron micrographies
of surface of the stomach from a rat fed the basal
diet (fig.5-2), basal diet containing 5% amaranth
(fig.5-3) or basal diet containing 5% amaranth
plus 5% GDF (fig.5-4) (experiment 229(80).

There were no differences in gastric mucosal

morphology among three groups.
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Figure 5-5,6,7. Scanning electron micrographies
of surface of the duodenum from a rat fed the
basal diet (fig.5-5), basal diet containing 5%
amaranth (fig.5-6) or basal diet containing 5%
amaranth plus 5% GDF(fig.5-7)(experiment 22)(80)
The microvilli on the epithelial cells are also

normal in appearance in all groups.
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Figure 5-8,9,10. Scanning electron micrographies
of surface of the colon from a rat fed the basal
diet (fig.5-8), basal diet containing 5% amaranth
(fig.5-9) or basal diet containing 5% amaranth
plus 5% GDF(fig.5-10) (experiment 22)(80)

More mucus droplets appear to exist in the colonic
mucosal membranes from rat fed with amaranth and

amaranth plus GDF.
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Figure 5-11.
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Change in body weight gain of ileorectostomized rats fed the
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