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Lilha Lee, Mi Gyeong Kim

Department of Home Economics Education Chung-Ang University

=ABSTRACT=

This experiment was designed to investigate the effects of the mixing ratio of soyprotein
and casein, and the level of pectin combined with the mixture on lipid metabolism in rats.

Forty-eight male weanling rats of Wistar strain weighing 58.8 + 1.9g were divided into six
groups by completely randomized block design and fed 10% protein diet for four weeks.Two

types of protein mixtures (casein to soyprotein mixing ratio of 1 : 3 and 2: 1) combined wi-

th 05%, 3%, and 5% of pectin were employed for experimental diets.
The results obtained in the study are summarized as follows ;

1) Feed efficiency ratio and protein efficiency ratio were not significantly different

ong six groups for the whole experimental period, but those for high casein-low pectin

group were significantly higher than the ones for high soy-high pectin group at 4th week

of the experimental period.

2) Gross fecal dried weight and fecal lipid excretion were higher in high pectin groups
of both protein combinations. Therefore, the apparent fat digestibility and absorption appe-

ared to be significantly low in high pectin groups.

3) Pectin was effective in lowering serum lipid and cholesterol levels in high casein gro-

ups, but no effect of pectin was noted in high soyprotein groups.

4) Lipid and cholesterol contents of the liver were higher in high soy-low pectin group

than the others. And no marked differences in lipid and cholesterol contents in the kidney

and carcass were observed.

4ol %] : 83. 11. 25,

—20—



A =
8% Tel2uE,

2 £317])4) A3}(atherosclerofic cardiovascular dis-

ease)il}- Abs) A ]7} Qe AHow adzx gl R

4159 A FWI g Lo, T ol

A e $UARY A%

@, 2ela Ao| AfAldt Adr AlFwEse] #Fo
A, Fol2HE TR E WA 71“/}‘—; Atde] g
AF Hagel o AFRACO. 2 H e

hypercholesterolemia 9} -5 7 3}% (atherosclerosispi|

Wk Aol A9 Ehh B AAle dael Hx
Qem Aol 42 ) 4THhe A4 B e

oA ehs A4S Q4 EHA] = el

¢ o] Az 84 \:}ul‘ A e Aol =3} cardi-

ovascular disease & 913} A}a}E Apolo] =0 Alalal
A7} 9180l B 359l I ¥ hypercholesterolemia z}=}
A A|A VY, #] (rats) 910, 7] (rabbits)
WE e TES dgen AXg Adowty ca
TEA e wls) TS A8 o
ul 2} o] hypocholesterolemic effectE z %0] Has
3’}"’“ agla AEA A 5 S5
7} AR o2 AL ciwale] x4 o]-u _‘r_x‘}ﬂ H]‘%" E
3] arginine/lysine®] w| & wj-F¢l Ao ¥ wEs5
-3,_93\ ;},9) 10)12)

ol el = 4o] Alfge] ek wiajel ghoiste] A
o Az FuauE e A deA
AL 2FANE HaF, HAF, FFESo 7 Ao
Wo] FHsled Qi pectino] &Fo| x)a3) 24 25

J_E] =7 \:1-11)

sein5

T FEE Ashsln BA2ABY WA AR @
54k ( bile acid ), T4 sterols 50| wjdue =147

B3} A% avke Aol sk $EL dabe
T oA 20l 4

hu rlr

o] tho . ¢l t}1910ise)

olzl¥ A1 &4 = A 3} pectin o] hypolipidemic,
AR ek A4l
A skl A A AHF T F 13~ 48 F
T4 sy AFsmey i 436 gl
A AHe BAE kw23, HAFE vl 4Alelm
24 pectinilF gro] thA o Seeialatse 4
o1 W7} Skl A} 2wl Alel ofwl g d G

bahe Ae B4 WA AR el A i 4

hypocholesterolemic effect &

o]

H#el 23455 ARt AaF 455 Ho
pectin 4} o] 2 41 52) Ale| ofzlo] mx| =
Fobe} wlamel wa obge ARA s A3 @
o d 4 pectin 47 ALu, =2k TE2A oA 4
F7F womA pectin AAE B o AW 2wk ot
o ojwlgt kg vlA]E FHE detrAH M B o
S Ak e
A MNE

1) 4% 539 A%

g 2o Adu 3] Fz HHd A Fo] 58.8+1.9
ga) Wistard 7 489 & gl e g sigor 3

Aol A %2717 Hste] 4947k 20% casein FF4lo]
2 b5 & A %o wel w8 (Completely random-
ized block design)di ¢js} 8ute]d 6/0F o8 v F
of 457 A%a T A4AAT
A& 7o ciulAl 3¢l casein T soyprotein isolate
1:30% &gt 23 2:1%2 &gt Aeor o

o
=
25w old) Z7 pecting 0.5% , 3%, 5%TT0

3 |

2 Fol BF 64 Tow BRI 4¥TY ¥
o Wge (FE 1) A= gleh
AY £F0 cage B 1vpe]d Reldle AASElg

on B3 ARE Agglel HEF sk

Table 1. Classification of experimental groups.
. X pectin

Experimental groups I;Ix(l)in?afls protein ratio level
High soy ~ Low pectin (HS-LP ) 8 casein 1 : soy protein isolate 3 0.5 %
High soy — Medium pectin  ( HS - MP ) 8 casein ] ! soy protein isolate 3 3 %
High soy — High pectin (HS -HP ) 8 casein ] : soy protein isolate 3 5 %
High casein- Low pectin (HC-LP ) 8 casein 2 : soy protein isolate 1 0.5 %
High casein - Medium pectin { HC - MP ) 8 casein 2 : soy protein isolate 1 3 %
High casein — High pectin (HC-HP ) 8 casein 2 : soy protein isolate 1 5 %
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bR 3l AaE R gE S AR (A
E)ow, AU FYL S5 7B (F4E) 0=,
et A G912 Casein{Junsei chemical Co.)3} Soy-
protein isolate {supro. 620, Ralston Purina Compa-
ny)ez digon 444 (fiber)d oz
(g9 254341 ) & 2838t

(2) Alo1 9] wig}

EE A 4ol whid £FL 4o THF 10
%2, AW 4%, El5F3EL pectinztz] Egts}
o 81.6%2 LAARATY (E 2). Pecting] 5205
%, 3%, 5% AA3Fcdl = pectin Lo 242
0.5%= AF2E AA A3k 474 QA 4
4 A3 5 2% pectino 2 @t s sla AR
Aolw] 3%L Seltel I AAs} AT FlA
A8k AR 4E TAE 44T Aol Lpectin
FozAY 5%E BARE %3 ol W AtEel
NASE Foz ww A5 E Hold

2.9 vitamin 5, salt mixturel 2E 4o)7} 59
A sleiet olEel 24¢ wa o3 2

(D Salt mixture] %4]( g, kg): calcium carbonate
300 ; dipotassium phosphate 322.5; magnesium su-
lfate-7 H,O 102 ; monocalcium phosphate - 2H, O
75.0 ; sodium chloride 1675 ; ferric citrate - 6H,0
iodide 0.8 ; zinc chloride 0.25 ;
copper sulfate - 5H,0 0.3 ; manganous sulfate -
H,0 50;

@ Vitamin A.D mixture9] %4 (mg” cc corn oil)

Pectin

27.5 ; potassium

Table 2. Composition of diet

: vitamin A 0.1 (850 LU.) ; vitamin D. 001(851.U)
(®Fat soluble vitamin mixture®] %4 : Corn oil
200cce] a- tocopherol acetate (vit. E) 5¢3} me-

nadione (vit. k) 200mg-& %9).

@ Water soluble vitamin mixture ( mg kg diet )
choline chloride 2000 ; thiamin hydrochloride 10 ;
riboflavin 20 ; nicotinic acid 120 ; pyridoxine 10 ;
calcium pantothenate 100 ; biotin 0.05 ; folic acid 4
; inositol 500 ; para— amino benzoic acid 100 .

(® Vitamin B,, solution :
B4 500cce] EHQ1A .

vitamin B,, 5mg& - &

MEwy
AYAZEL Y Aol AAFE FASAT AT
13 A3¢ &35ty o 4o] F-§(Feed Efficiency
Ratio : F.E.R.)=} g9 F-&(Protein Efficiency
Ratio : P.E.R.) AAsta et
AFA7 AF F7HHg)

AFA7 4o A5 H(e)

Aol 24 (F.ER.) =

4R F2 whAn Fol 327 g ARskd AZ
AR F FAE Aol EA2 WHEeAA Saxony® o
el 9 W e FPeden AR A A
A3 Zakg el G54 W N Fol 2H1E WL )
A Agaide 2ea Aue AYRe Az AW
o 4515488 Aatd,

{ 7/ kgdiet )
Nutrients protein fat carbohydrate pectin calorie *
Experimental groups

HS - LP 100 40 811 5 4.004
HS - MP 100 40 786 30 3.904
HS - HP 100 40 766 50 3.824
HC - LPpP 100 40 811 5 4.004
HC - MP 100 40 786 30 3.904
HC - HP 100 40 766 50 3.824

* calculated value( Kcal /g)
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Table 3. Feed efficiency ratio and protein efficiency ratio

E. R
3rd week 4th week Mean 1st week 2nd week 3rd week 4th week Mean

N
2nd week

1st week

Experimental
groups

1.954 + 0.127%

1.702 + 0,102
1.769 + 0.095
2.169 + 0,212

1.918 £ 0.100%**
1.829 + 0,239%

1.980 + 0,227*

2,269 + 0.245
2,261 + 0,102

2,236 + 0.218*

1.676 + 0.360%
1.255 + 0,199
1.368 + 0.329
1.926 + 0.416
2.031 + 0.223
1.624 + 0,364

0.193 + 0.010%* 0,199 + 0.011*

0.199 * 0.023*
0.226 + 0.025
0,225 + 0.011
0.219 + 0.030

0.226 + 0,022*
0.151 + 0,014
0.174 + 0,029
0.211 * 0,036

0.168 + 0,036

- LP

HS

1.519 + 0.139

0.171 + 0.011
0.180 * 6,011
0.219 + 0,021
0.214 + 0,011
0.194 + 0.021

0.183 + 0,024%

0.125 + 0,020
0.135 + 0,033
0.193 *+ 0,042

- MP
HP

HS

1.694 + 0.106°

1,745 + 0,298
2.108 + 0.358
2,024 + 0.304
1.828 + 0,357

0.171 + 0.010°

HS

EdE

2.451 + 0.282°

2,185 + 0,307
2,445 + 0.088
2.048 + 0.454

0.245 + 0.029°

LP
MP

HP

HC

2,115 £ 0,117

1.963 + 0.216%

0.204 + 0,022 0.203 + 0,031 0.245 + 0,009 0,195 + 0,021%

HC

1.889 + 0.219

2.054 % 0,172%

0.160 + 0,037 0.184 + 0,036 0.204 + 0,045 0,206 + 0.017%

HC

ol

_

* Mean +S.E
e Significantly different{ P ( 0.05 ) between different superscripts within the same column.
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Table 4. Fecal dry weight and apparent fat digestibility
Experimental fecal dry weight fat intake fecal lipids excretion apparent fat
groups ( g/3days) (g/3days) { g/ 3days) digestibility ( % )
HS - LP 1.48 +0.11% bc** 1.50 + 0.07* 262.6 +30.79" bc™ 82,5+ 1.78 ab™
HS - MP 1.47 +0.07 bc 1.41 + 0.50 265.1 + 13.39 bc 80.1 +2.29 abc
HS - HP 1.82+0.10 eab 1.54 = 0.09 346.5 + 40.25 ab 76.3 + 3,94 bc
HC - LP 1.43 £ 0.16 c 1.57 + 0.18 189.4 £ 19.67 ¢ 87.5+1.33 a
HC - MpP 1.76 + 0.11 abc 1.53 + 0.14 290.8 +19.15 abc  80.1 £1.86 abc
HC - HP 1,92 + 0,07 a 1.50 + 0.14 404.7 £ 64.35 a 71.1 + 4,97 c
* Mean + S.E

** Significantly different ( P ¢ 0.05) between different superscripts within the same column.
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Table 5. Serum lipids and cholesterol level, and fecal cholesterol content

fecal cholesterol

Experimental lini serum | dried

groaps (It'gtgal/légllg;) :Orzlagl /c l11(‘-;(1)esmtge!;01 mg,g dried feces frgfeg}oéadaysle
HS LP 250.6 = 13.07° abd™ 146.4 + 5.19* ab**  15.37 £ 0.13* a** 22.69 + 1.62* ab™*
HS MP 229.7 + 14.54 abc  132.1+3.64 b 13.87 +0.53 b 20.44+1.23 bc
HS HP 217.9+ 8.84 abc  141.4 + 4.30 ab 14.77+0.46 ab  26.76+1.18 a
HC LP 256.2 + 12,75 a 158.3 + 7.88 11.69+0.26 ¢ 16.52+1.73 ¢
HC MP 254.3 + 12,61 ab  153,5 + 5.15 12.44+0,22 ¢ 21.85+1.28
HC HP 209.6 + 7.46 ¢ 131.9+5.66 b 11.93+0.31 ¢ 22.77+0.53 ab

* Mean + S.E

** Significantly different (P < 0.05) between different superscripts within the same column.
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Table 6-1. Lipids and cholesterol contents in organs and tissues
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Table 6-2. Fresh weightof organs and tissues

(g)
EXPZ?OTI;I;MI Liver Kidney Epldy;;énal fat Gastrocnemius
H - LP 4.465 + 0.282°* 0.953 + 0.035% 0,928 + o0.105* 0.216 + 0.014%
HS - MP 4,184 + 0.271 0.908 + 0.038 0.694 + 0.075 0.185 + 0.024
HS - HP 4.193 + 0.230 0.968 + 0.026 0.857 + 0.074 0.151 + 0.022
HC - LP 4.485 + 0.320 0.954 + 0.051 0.969 + 0.112 0.212 + 0.027
HC - MP 4.437 + 0.318 0.915 + 0.051 0.876 + 0.105 0.194 + 0.02¢
HC - Hp 4.135 + 0.138 0.916 + 0.033 0.766 + 0.100 0.174 + 0.013
* Mean + S.E
A pectin 5% HrhAlol£ 78} Fa 28 F Tl 9
Aol AfAo] AA A7), AR F wa Aol AL vlxA] ggront 7% s 54504

il

#28E el vlx) el e wEy WEE
R Aol 4429 59 29 P AAHE o
10] AL5e sl E37 24 thed vehds
& T Ut T =4 9.6% pectinds} Ao
A& 2, 23 39 AW P pectin
4018 e A5ol sl fsp U =
9] = ubd Pee FEE o) pectin 337 A3
A detya o]9 9 245, & AA, A4, FAZ
o A ubghekel s f-oHQl Aol giglon AW Aut
g2 zTel s 28.8% FAHGYT P =
cholesterol 1 % 9} pectin N.F. ( citrus) 5 %Z g
A A7sE Aol S FHellA Hal AL Z.2 cholest
Hal HelA 2.5%, 5% apple pecting H
7kste} ®Ql A4 2 79 b ghupe] A shs]
gor £ ATdAL 73 A Ak @ o]
A9 MIEI ALY w5 FAE dFgoy P4

Jg‘f“l"_,).}m

=)
N
-

o g g N fu o
{o

r_}l__

erol &

A4 =] i) *}iﬂ 2yt gl B AT Az}
Rotenberg'® 59 nmael 925 ggpel  olAL
pectinF7} £Fo| B Aol v Wokrlal (5 %)

o] ohdrt $Ewe)

78] Ze| 288 T 4] pecting 4.8%, 9.6%
2 AZNE W B pectin THAT| e 4954
sl glon A1, At o e R pectin
9.6 % A7 T FeFL 0x] Yokgo] B HS
e ARVl pectin o] Aol 718 Fo)2H)
& Ul o 2o
lulose & of gk2-
A5 77

Rigas

3L carragheenan 3} cel-
U] 22 g3 ow agar& o3| 24|
2318 ehglel 2eie) o] 1o

—97—

432 ul3 on Leveille & Sauberlich® & pectin
5% AR 219 Tel A6 E o) HosH A
Fslgleln shgdet £ o 7o) = Isoyprotein T
oAl pectin 3%, 5% H7M4] 0.5% BrRS ool
wel 7] Fol sl E w2 AsEYL 2
casein T A & pectin o] ¢ J o] BstH A
2.2 Bo} wpualzl pectin Alole] olw]gl 4} a}bgo]
lel Aol obdst A=t = pectin 5% A4
A Fa 2 E kel FH W dglvhe 2
A} L AT Assls Yx)shs How wolw pec
ting 2 ArleE Y I AslE e ohE 4e] AR
Toll a4, 22 AW grlake) $90e) wek 2
337 v2A vl e sk guar gumst @A %
71k, AR FY ZubA, FelAEE S-S A4S
£ E24E Ava g A e "rlgol} cellul-
ose vt o] Be g% vehie A 7t

ol&hzte] A uk 43tErE, Xt D FalzHE
Ak, 43 719 =ukA, Ew 28 E §5F2 pectin
o g3l &L el £ 5 /l ow pectin 9] &3}
£ Aol il A =) 2 w24 Jehd
A ZAY F AY 4357 F, 1“& g Zel 2uE
A% 43 Fo Ak, FHaHE A gg
pectin F3}= I casein T4 o] ZAl jelytow 7t
9 AupA, Fa26lE &l A pectin ] F3e=

3L soy protein oA ©| A \,}.5}1;,}\—,].‘
=] =
LATE 52

4 WA 484 R E



— Casein 3} W) 5upme] E¢ulg % Pecit A7} $30] WAL A < wolAlel w2 e 9 -

&) B2 pectin Y7t FFol o ol & FHo AW
2 ol Aol olwdt FEL A E AE golrrlH
4old A FFEE 4ol 5 10%E sl FF
A w7 (casein) 3} 4F4) g4 ( soyprotein is-
olate) &] &3 v €2 2:13 1:302 3lgon o
Ztzto) pecting 0.5%, 3%, 5% $+FEo= 5}
gl BT 6702 o] 48 S 4ANT F e
Z2& A3E 99+,

1) Aolags) i f-de oA 4AF A 7|
ZHE FHAE a2l Aol gle A 454
o] 3L casein — | pectin Fo] iLsoy— i pectin Fr.t}
sl ek

2) Az WA S A | AFL pecting wWo| A
74 TEol fsk E9kem 53] I casein To] o
B2 JTE weke

A £3FTEL AAT] & T BY vlsg
o} uis] =]k wj A gho] i pectin FEAA Fotom
3L pectin F-Eo] F93lA Fgteh

3) Y A Y FTe L6 E FL Lsoy
protein & Apo|oll= toi7} QA eyt on} cas-
ein Fol| 4 &= I pectin F9¢] | pectin F, F pectin F
ol wla FAsiAl dgke

4) 74 Aupal, EHlAHE ¢S L soy— A pe
ctin o] thg RE TEe w8 fskA ¢ 4l
A, A T Ak FelsE g @9 4AWTE
7kl Aozt gt

REFERENCES

1) Havel, R.J., : High-density ULpoproteins, chole-
sterol transport and coronary heart disease”,
Circulation, 60 ; 1-3, 1979.

2) Burke, M.D.: “Cholestercl, triglyceride, and I-
poprotein studies : Strategies for clinical use”,
Postgrad. Med., 67 ; 263-273, 1980.

3) Miller, N.E.: “Plasma lipoproteins, kpid tran-
sport, and atherosclerosis : Recent development’
J. Clin, Pathol.,, 32 :639-650, 1979.

4) Miller, G.J., N.E. Miller; ‘Plasma High- den-
sity lpoprotein concentration and development
of ischemic heart disease”, Lancet, 4 : 16- 19,
1975.

5) Kritchevsky, D.: “Diet and Atherosclerosis”.
Am. J. Pathol., 84 : 615- 632, 1976.

6) Carroll, K.K.: “Dietary protein in relation to
plasma cholesterol levels and atherosclerosis ",
Nutr, Rev., 36 : 1~ 5, 1978.

7} Sirtori, C.R., E. Agradi, F. Conti, O.Mantero
» E. Gatti; * Soybean protein diet in the tre-
atment of Typell hyperlipoproteinemia”, Lancet,
5 : 275-277, 1977.

8) Sirtori, C.R., E. Gatti, O. Mantero , F. Conti ,
M.A. Tavazzi, D. Kritchevsky, ** Clinical expe-
rience with the soy protein diet in the treatm-
ent of hypercholesterolemia”, Am. J. Clin. Nutr.
32 : 1645- 1658, 1979.

9) Park, Myung-sook C., G.U. Liepa; “Effects of
dietary protein and amino acids on the meta-
bolism of cholesterol- carring lipoproteins  in
rats”, J. Nutr,, 112 ; 1892- 1898, 1982.

10) Eklund, A., L. Sjéblom; " Effects of the source
of dietary protein on serum lower density Ii-
poproteins( VLDL+ LDL) and tocopherol lev-
els in female rats”, J. Nuir., 110 ; 2801~ 2335,
1980.

11) Hevia, P., W.J. Visek; “ Dietary protein and
plasma cholesterol in chickens”, J. Nutr., 109 ;
32- 38, 1979.

12) Huff, M.W., K.K. Carroll, * Effects of dietary
proteins and amino acid mixtures on plasma
cholesterol levels in rabbits”, J. Nutr. 110 ; 1676

- 1685, 1980.

13} Kelsay, J.L., K. M. Behall , E.S. Prather; “Effect
of fiber from fruit and vegetables on metab-
olic responses of human subjects : 1. Bowel-
transit time, number of defecations, fecal wet -
ght, urinary excretions of energy and nitrogen
and apparent digestibility of energy, nitrogen,
and fat”, Am. J. Chn. Nutr, 31 : 1149- 1153,
1978.

14) Rotenberg, S., P.E. Jakobsen; “ The effect of
dietary pectin on lipid composition of blood,
skeletal muscle and internal organs of rats” J.
Nutr., 108 ; 1384-1392, 1978,

15) Arthur, F.W., B.H.Ershoff; “Beneficial effects
of pectin in prevention of hypercholesterolemia



16)

17)

18

~

19)
20)

21)

22

-~

23)

24

—

%)

26

~—

28)

— o3t Fulg —

and increase in liver cholesterol in cholesterol
fed rats,” J Nutr., 74 ; 87- 92, 1961,

Kay, R.M., A.S. Truswell; “Effect of citrus
pectin on blood lipid and fecal steroid excre-
tion in man”, Am. J. Clin. Nutr., 80 ; 171- 175
1977,

Vahouny, G.V.; ‘ Dietary fiber, lipid meta-
bolism, and atherosclerosis”, Fed. Proc., 41;
2801- 2806, 1982.

Truswell, A.S.; “ Food fiber and blood lipids
:in food and fiber”, Nutr. Rev., 35 : 51- 54,
1976.

[l deoF 24t RIA | wA 3|3, 1979,
chemi-

>

Saxon :  Micro- analysis in medical
stry”, 3rd Ed. 181, 1956. i
Seligson, B.: ** Standard method of clinical
chemistry”, New York, Academic Press, 1968.
Frings, C.S., R.T. Dunn,“ A colorimetric me-
thod for determination of total serum  lipids
based on the sulfo- phosphovanillin reaction”,
Am. J. Chn. Path., 53 ; 89-91, 1970.

Paik, H.S., E.S. Yearick, “The influence of di-
etary fat and meal frequency on lipoproteinli-
pase and hormone —sensitive lipase in rat adi-
pose tissue,” J. Nutr., 108 ; 1798 — 1805,
1970.

Bligh, E.G., W.J. Dyer, “ A rapid method of
total lipid extraction and purification”, Can.
J. Biochem. Physiol., 37 ; 911-917, 1959.
Montgomery, D.C.: “ Design and analysis of
experiments ”, John Wiley & Sons, 1976.
Viola, S.Z.G., S. Mokady, * Effect of pectin
and algin upon protein utilization, digestibility
of nutrient and energy in young rats”, Nutr.
Rep. Int., 1; 367-375, 1970.

Hove, E.L., S. King, “ Effects of pectin and
cellulose on growth, feed efficiency, and pro-
tein utilization, and their contribution to ener-
gy requirement and cacal VFA in rats”, J.
Nutr., 109 ; 1274- 1278, 1979.

Tsai, A.C., J. Elias ; ].J. Kelley , Ray-Shiang
C. Lin, J.R.K. Robson; “ Influence of certain
dietary fibers on serum and tissue cholesterol
levels in rats”, J. Nutr., 101 ; 1069-1074, 1971.

—29—

29) Leveille, G.A., HE. Sauberlich; ©“ Mechanism
of the cholesterol-depressing effect of pectin in
the cholesterol- fed rat”, J. Nutr., 88 ; 209-214,
1966.

30) Morgan, B., M. Heald, S. Atkin , J. Green,
Dietary fiber and sterol metabolism in the rat]
Br. J. Nutr., 32 ; 447-455, 1974.

31} Hedge, S.N., B.A. Rolls, A. Turvey, M. E.
Coates, * The effects on chicks of dietary fiber
from different sources : A growth factor
wheat bran’’, Br. J. Nutr., 40 ; 63-69, 1978.

32} Cummings, J.H., M. J.Hill, D.J. A. Jenkins , J.
R. Person, H.S. Wiggins; “ Changes in fecal

in

composition and colonic function due to cereal
fiber”, Am. J. Clin. Nutr., 29 ; 1468-1473, 1976.
33) Celia, J.P., D. A.T. Southgate; “ The effects of
a supplement of dietary fiber on fecal excretion
by human subjects”, Br. J. Nutr., 41 ; 495- 503
1979.
34) Kelsay, J.L.: “ A review -of research on effects
of fiber intake on man”, Am.J. Clin. Nutr.,
31 ; 142-159, 1978.
Cummings, J.H., D.A.T. Southgate, W.J. Br-
anch , HS. Wiggins, H Houston, D.A.T.
Jenkins, T. Jivraj, M.J. Hill, “ The digestion
of pectin in the human gut and iis effect
calcium absorption and large bowel function,
Br.J. Nutr., 41 ; 477- 485, 1979.
36) Durrington, P.N., A.P. Manning, C. H. Belton
, M. Hartog; “ Effect of pectin on serum Lpi-
ds and Upoproteins,

36)

on

transit time
and stool weight”, Lancet, 2 ; 394, 1976.

whole- gut
37) Nyman, M., N. Asp, “ Fermentation of dietary
fiber components in the rat intestinal tract”, Br.
J. Nutr., 47 ; 357- 366, 1982.

Sacks, F.M., W.P. Castelli, A. Donner, E. H.
Kass, “Plasma lipids and lLipoproteins in veg-
etarians and controls,” New Engl. J. Med.,
292 ; 1148,1975.

Linchen, W.J. : J. W. Anderson, “ Effect of guar
gum and wheat bran on lipid metabolism of
rats”, J. Nutr., 109 ; 1028-1034, 1979.

Jenkins, D.J.A., A.R. Leeds, C. Newton ,J. H.
Cumming;” Effect of pectin, guar gum,

38)

39

40)

and



~ Caseins} o) 529 ¢ Egel g ¥ Pecit A7} £Fo] A AW Aol w2 & JTF —

wheat fiber on serum- cholesterol”, Lancet, 1116
- 1117, 1975.

42) Nagata, Y., K. Fmazumi; M. Sugano; “Effects

41) Fumagalli, R., R. Paoletti, A.N. Howard: Hy-

pocholesterolemic effect of soya®, Life Science,
22 ; 947- 952, 1978.

of soya- bean protein and casein on  serum
cholesterol levels in rats,” Br. J. Nuir., 44 ; 118,
— 118, 1980.



