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Summary 

This study reports quantitative and qualitative differences in intestinal bile acids 
and cholesterol in miniature pigs following dietary casein or soy protein isolate. The 
total amount  of bile acids in the small intestine was significantly higher when soy 
protein isolate was fed in comparison to casein. The values were (mean _+ SEM) 4.51 
___ 0.39 mmol  and 2.43 ___ 0.08 mmol, respectively, when the proteins were given as 
the sole component  of the diet. When the proteins were given as part of a semi- 
purified diet, these values were 6.44 ___ 1.04 mmol  and 3.95 + 0.39 mmol, respectively. 
Hyocholic acid amounted to 39.6 %, hyodeoxycholic acid to 31%, and chenodeoxy- 
cholic acid to 27.6 % of total bile acids in the small intestine when casein was fed. 
The soy-fed animals tended to have more secondary bile acids. 

The total small bowel chymus content, on a wet weight basis, was 63 % higher in 
the soy group. In all experimental  conditions studied, there was a close correlation 
between small bowel chyme content and bile acid content. The distribution of bile 
acids in the small intestine showed that the soy fed animals tended to have more 
bile acids in the distal parts of the jejunum. 

The intestinal cholesterol contents were not significantly different between die- 
tary groups. 

Zusammenfassung 

In der vorliegenden Studie werden quantitative und qualitative Untersehiede im 
Gehalt an Gallens&uren und Cholesterin besehrieben, die im Dflnndarm yon Minia- 
turschweinen nach Di&ten beobachtet wurden, die entweder Casein oder Sojapro- 
teinisolat enthielten. Die intestinale Gesamtmenge an Gallens&uren war signifikant 
h6her, wenn Sojaproteinisolat geffittert worden war. Wurde das Protein als einzige 
Komponente verffittert, so lagen die Werte bei 4.51 + 0.39 mmol, w~hrend die 
Caseingruppe 2.43 + 0.08 mmol aufwies. Wurde das Protein als Teil einer semisyn- 
thetisehen Di~t gegeben, waren die Werte ffir die Sojagm/ppe 6.44 + 1.04 mmol und 
for die Caseingruppe 3.95 + 0.39 retool. Bei der Caseingruppe lagen die prozentua- 
len Anteile an der Gesamtrnenge der Gallensfiuren im D~inndarm bei 39.6 % Hyo- 
ehols~ure, 31% Hyodeoxycholsfiure und 27.8 % Chenodeoxychols&ure. Die Tiere, 
die Sojaproteinisolat bekamen, hatten in der Tendenz mehr sekund~re Gallen- 
sfiuren. 
Das Chymusfrisehgewicht im Dfinndarm lag in der Sojagruppe um 63 % fiber 

dem der Caseingruppe. Untcr allen experimentellen Bedingungen wurde eine enge 
Beziehung zwisehen dem Gehalt an Chymus und Gallensguren im D~nndarm 
beobachtet Die Sojagruppe wies in der Tendenz h6here Mengen an Gallens~uren 
im distalen Jejunum auf. 
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Die Soja- und Caseingruppe wiesen keine Unterschiede im Cholesteringehalt des 
Dtinndarms aus 

Key  words: pig, dietary protein, intestine, bile acids, cholesterol 

I n t r o d u c t i o n  

The hypercholes te ro laemic  effect of  casein in compar i son  with soy 
prote in  is very  species-dependent .  In  contrast  to rodents,  such as rabbits  
and rats (3, 32), hypercholes tero laemic  effects of  casein have been reported 
in pigs only when  high amoun t s  of  cholesterol  had been added  to the diet 
(5, 11). 

Several  factors contr ibute  to the manifes ta t ion of different se rum 
cholesterol  levels w h e n  soy protein or casein are fed (31, 28). Huf f  et al. (8) 
and Nagata  et al. (18) have repor ted  that  the amino acid compos i t ion  of  the 
dietary protein plays a role. An influence of  dietary protein on hormona l  
status, which  migh t  lead to changes  in cholesterol  metabol ism,  has been 
demons t ra t ed  by Sugano  et al. (27). West et al. (33) have recent ly  found that  
the s t ructure  of  the protein is also involved. 

There  is evidence  that  soy protein and casein affect the enterohepat ic  
circulat ion of  steroids differently. In rabbits  (9, 1), rats (19) and pigs (12) the 
cholesterol- lowering act ion of  soy protein is accompanied  by an increased 
fecal excret ion of  neutral  and acidic steroids. Huf f  and Carroll (9) have 
shown  a h igher  intestinal absorpt ion of  cholesterol,  when  casein was fed. 
Kr i t chevsky  et al. (15) have repor ted  that  biliary steroid secretion in 
hamsters  is affected by dietary protein. 

In  the present  s tudy  we have focussed on the a m o u n t  and distr ibution of  
neutral  and acidic steroids in the small intestine of  casein or soy-fed 
minia ture  pigs. 

M a t e r i a l s  a n d  m e t h o d s  

Experiment  I 

Animals and diets 

Six adult G6ttingen miniature pigs, 4 male and 2 female, aged between 6 and l0 
months and weighing between 15 and 30 kg, were used. They were kept individu- 
ally in cages and maintained on a commercial pig diet (Sauen N, Raisdorfer Miihle, 
2313 Raisdorf, West Germany) before they were transferred to a semipurified diet 
(Cas 22) for one week. The composition of Cas 22 was as follows (g/kg): Casein, 220; 
corn starch, 489; lard, 75; margarine, 75; cellulose, 60; mineral and vitamin mixture, 
80; cholesterol, 0.6. The supply of vitamins and minerals with the diet was: vitamins 
(mg/kg): A, 17.5; D, 0.165; E, 300; K, 22.5; thiamin, 10; riboflavin, 20; pyridoxine, 19; 
BI~, 0.15; C, 875; pantothenic acid, 70; nicotinic acid, 83; choline 2750; folic acid, 6.25; 
biotin, 1.13 and of minerals (g/kg): Ca, 12.25; P, 5.75; Na, 3; Mg, 4,5; K, 4.25; C1, 4.25 
and as (mg/kg): Fe, 250; Zn, 250; Mn, 125; Cu, 75; I, 1.5; Se, 0.5; Co, 0.75. The pigs 
were then divided into 2 groups, which received 110 g casein (Biogen-Salzstiure- 
casein 5023, 15.5 % N, Bayerische Milchversorgungs GmbH, Niirnberg, West Ger- 
many) or 130 g soy isolate (Purina protein 610, 14.5 % N, Ralston Purina Company, 
USA) plus 150 g lactose, each, for 6 days. On day 7, the animals only received the 
protein plus 6 g polyethylene (Hostalen powder GM 2250 P, Ruhrchemie AG, 
Oberhausen, West Germany), an unabsorbable marker, which served to follow the 
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chyme flow. Water was provided ad 11bitum, food was provided twice a day, 
equivalent  to an energy supply of 0.29 MJ/kg body weight and day. 

Experim en tal procedure 

One animal per group was anesthetized at 30, 180 and 310 min after feeding, using 
a combination of  0.1 ml/kg Stresnil (azaperone) and 0.25 ml/kg Hypnodil  (metomi- 
date) (Jansen GmbH, Dtisseldorf, West Germany). The abdomen was opened; the 
whole small intestine was ligated in situ at each end. Then the duodenum was 
isolated by ligatures distal to the bile duct and at the flexura duodenojejunalis. 
Next,  the ileum was isolated by ligatures at the beginning and end of the ligamen- 
tum ileocaecale. The je junum was divided into 8 parts of approximately equal 
length. The parts were ligated as quickly as possible during the operation. This 
procedure was finished within 10 rain. Subsequently,  the animals were sacrificed. 
The intestinal contents were removed and each segment was washed twice with 
distilled water. The samples obtained after combining the three fractions were 
lyophilized before analysis. 

Analyses 

Bile acids were extracted from 0.2-0.5 g lyophilized material with 100 ml hot 
methanol  in a Soxhlet  apparatus for 5 hours. This t ime was found to give max imum 
bile acid extraction. Methanol was preferred instead of ethanol because of  its higher 
extraction capacity (Fig. 1). The samples were evaporated to dryness and dissolved 
in 8 ml methanol.  An aliquot was used for the enzymatic analysis of bile acids, using 
3a-hydroxy-steroid dehydrogenase (3a-HSD, No. H-1506, Sigma Chemical Com- 
pany, USA) according to (13). The coefficient of variation of 5 repeated samples was 
10 %. Recovery of 26-260 ~tmol cholic acid (Serva, Heidelberg, W. Germany), added 
to the lyophilized chyme was better than 91%, independent  of whether  the ehyme 
was taken from soy or casein-fed animals. Cholesterol in the methanol  extracts of  
small intestinal contents was determined enzymatically (20). Polyethylene (PE) was 
quantified in the freeze-dried chyme. The samples were boiled in a mixture  of 

0.3 

~0,2 

~ 
0 

2 3 "~ 5 6 hours 

Fig. 1. Extraction of  bile acids with methanol  (0) or ethanol ([3) as a solvent. 
Concentration of  bile acids in the solvent after 1-6 hours of refluxing (Yc _+ SD; n = 5). 
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c o n c e n t r a t e d  HNO3 a n d  H2SO4 (2.5:1, v/v) for  4 h in  o rde r  to d i s so lve  all b io log ica l  
mate r ia l .  S u b s e q u e n t l y ,  P E  was  s e p a r a t e d  f r o m  t he  ac id  by  r e p e a t e d  w a s h i n g  w i t h  
c h l o r o f o r m  in  a s e p a r a t i n g  funne l .  P E  pa r t i c l e s  w e r e  w a s h e d  w i t h  a c e t o n e  a n d  d r i ed  
for  15 h a t  105 ~ P o l y e t h y l e n e  was  ca l cu la t ed  as t he  d i f f e rence  in  w e i g h t  be fo re  a n d  
a f t e r  a sh ing .  

Exper imen t  I I  

Animals  and diets 

T e n  n o n c a s t r a t e d  ma le  G b t t i n g e n  m i n i a t u r e  pigs,  aged  b e t w e e n  6 a n d  8 m o n t h s ,  
w i t h  a n  in i t ia l  b o d y  w e i g h t  b e t w e e n  15 a n d  30 kg  w e r e  used .  T h e  pigs  we re  fed  on  
t h e  c o m m e r c i a l  p ig  d ie t  b e f o r e  t h e y  w e r e  d i v i ded  in to  2 g r o u p s  o n  t he  bas i s  of  t h e i r  
s e r u m  cho le s t e ro l  c o n c e n t r a t i o n s  a n d  b o d y  weigh ts .  T h e y  were  t h e n  m a i n t a i n e d  on  
t h e  s e m i p u r i f i e d  d ie t  "Cas  22" (see E x p e r i m e n t  I) for  a n  a d a p t a t i o n  p e r i o d  of  15 
days.  S u b s e q u e n t l y ,  t h e  a n i m a l s  we re  t r a n s f e r r e d  to t h e  e x p e r i m e n t a l  s e m i p u r i f i e d  
d ie t s  c o n t a i n i n g  e i t h e r  ca se in  (Cas C) or  soy i so la te  (Soy C) for  4 weeks .  The  
c o m p o s i t i o n  o f  t he  d ie t s  was  t h e  s a m e  as for  Cas  22 e x c e p t  t h a t  1% (w/w) cho l e s t e ro l  
was  a d d e d .  T h e  h o u s i n g  a n d  t h e  f eed ing  r e g i m e n  were  as d e s c r i b e d  above .  

Experimental  procedure 

Blood samples were taken from the jugular vein using a syringe after an overnight 
fast on days -15, -7,-i (adaptation period), 14, 21 and 28 (experimental period). For 
the analysis of serum- and lipoprotein cholesterol, plasma was used. On the morn- 
ing of day 28 of the experimental period, the animals received 50 % of their daily 
feed, but without cholesterol. 310 minutes after feeding, 3 animals per group were 
anesthetized. The experimental procedure and the analytical methods for the 
estimation of bile acids, cholesterol in thyme, serum and in lipoprotein fractions 
was as described above. The separation of very low density lipoproteins (VLDL) 
was achieved by flotation at 1.006 g/ml in an airfuge (2). High density lipoprotein 
(HDL) cholesterol was determined in the supernatant after adding 1.3 g/l of dex- 
trane sulfate plus 0.13 mol/l MgCI2 to whole plasma (17, 14). 

In Experiment II the enzymatic analysis of bile acids in the whole small intestine 
was complemented by a quantification of individual bile acids by gas chromatogra- 
phy (4). For this the methanolic extracts were hydrolyzed enzymatically and 
purified (21) and the bile acids were derivatized for gas chromatography (4). 5~- 
cholanic acid and 7,12-diketolithoeholic acid from Serva (Heidelberg, West Ger- 
many) were used as internal standards. Since almost no lithoeholic acid and 
deoxycholic acid were detected in the chromatograms, the procedure was repeated 
with glycolithocholic and glycodeoxycholic acid (Sigma, St. Louis, MO, USA) as 
internal standard. A Carlo Erba model 4200 gas chromatograph equipped with a 
flameionisation detector and a 12-meter fused-silica capillary column coated with 
trifluoropropylsilicone as stationary phase were used. The carrier gas was hydro- 
gen. The temperatures (~ were: injector 240, oven 220 isotherm, and detector 262. 
To conflrm qualitative and quantitative results, chromatograms were repeated on a 
15 meter Durabond-225 fused silica column (J. u. W. Scientific, Rancho Cordova, 
CA, USA) and on a 2 meter column (2 mm diameter) packed with 3 % SP 2401 on 
Supelcoport 100/120 mesh (Supelco Inc., Bellefonte, PA, USA). The temperatures 
(~ were: injector 248, oven 230 isotherm, and detector 272. Recoveries were 65 % 
for chenodeoxycholic acid and cholic acid, 72 % for lithocholic acid and 70 % for 
hyodeoxyeholic acid. 

Statistics 

S t u d e n t ' s  two- ta i l ed  t - tes t  was  u s e d  (26). Res u l t s  are  g i v e n  as m e a n s  ___ S.E.M. 
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R e s u l t s  

E x p e r i m e n t  I 

Intest inal  contents: The s tomach  content  (A), and the contents  in the 
small  intest ine of  c h y m e  wet  weight  (B), c h y m e  dry weight  (C), bile acids 
(D) and cholesterol  (E) for individual  animals are shown in Fig. 2. The 
animals of  the soy group had less chyme  in the s tomach  but  more  in the 
intest ine than  the cor responding  animals in the casein group. The amoun t  
of  po lye thylene  (not shown) in the intestine of  soy-fed animals was 38 % of 
the intake, whereas  only 23 % was found when  casein was fed. These 
f indings indicate a more  rapid passage of  gastric contents  to the intestine 
w h e n  soy protein is fed. 

Cholesterol and bile acids: There  was no difference in intestinal choles- 
terol conten t  be tween  both  groups  (Fig. 2 E). The intestinal bile acid 
content  was h igher  in the soy-fed animals than in the cor responding  
animals of  the casein group.  This difference be tween  soy protein and 
casein was true for every t ime point  but  mos t  p ronounced  310 min  after 
feeding (Fig. 2 D). 

It  was typical  for all 6 animals that  not  more  than  9 + 3 % of the total bile 
acids were found  in the first third of  the small intestine, whereas  the 
amoun t s  of  bile acids in the second and last third were similar with 47 + 
9 % and 41 _+ 17 %, respectively. 

E x p e r i m e n t  I I  

B o d y  weight: The body  weight  gain was similar in both  dietary groups,  
the initial body  weight  being 22.8 _+ 4.9 kg in the casein group and 22.9 _+ 
5.3 in the soy group.  At the end of the exper iment  the casein-fed animals 
weighed  24.9 _+ 5.6 kg and the soy-fed animals 25.3 _+ 5.2 kg. 

Cholesterol in serum and lipoproteins: The cholesterol  concentra t ions  in 
se rum and l ipoproteins are presented in Table 1. Seven days after transfer  
of  the animals  to the cholesterol-containing diet, serum cholesterol  con- 
centrat ions  increased in bo th  the casein and soy group, but  the rise was 
less p r o n o u n c e d  in the soy group. On day 14 and on day 21 the difference 
be tween  the casein-fed and the soy-fed animals was mos t  marked.  How- 
ever, the difference in increase be tween the casein and soy group was not 
statistically significant. 

The increment  of  se rum cholesterol  after feeding the exper imental  diets 
was main ly  t ranspor ted  in the L D L  fraction, to a lesser extent  in the V L D L  
fraction, and to a slight extent  in the H D L  fraction (Table 1). 

Intest inal  contents: As descr ibed for Exper imen t  I, the diet containing 
soy protein again caused higher  amoun t s  of  c h y m e  wet  weight  (79.27 _+ 
14.40 g) and dry  weight  18.02 ___ 3.10 g) in compar i son  to the casein diet 
(47.82 _+ 6.61 g and 13.82 +_ 1.42 g, respectively). These differences, a l though 
very  p ronounced ,  were not  statistically significant. 

Bile  acids m intestinal contents: Figure  3 illustrates that  miniature  pigs 
fed on the diet conta in ing casein had a m u c h  lower amoun t  of intestinal 
bile acids with 3.95 + 0.39 m m o l  than the animals on soy with 6.44 _+ 1.04 
mmol.  This difference was statistically significant even with three animals 
(p < 0.1). 
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Fig. 3. Bile acids (A, B, C) and cholesterol (D, E, F) in intestinal  contents of 
miniature  pigs fed on a semipurif ied diet containing either casein (U) or soy isolate 
(El). A and D: total content  in the small  intestine; B and E: concentrat ion in chyme 
(wet weight). C and F: concentrat ion in chyme (dry weight) (n = 3, :~ + S.E.M.). The 
animals  were sacrificed 310 minutes  after feeding. For  details see Exp. II. 

T h e  c h y m c  b i l e  a c i d  c o n c e n t r a t i o n  w a s  n o t  i n f l u e n c e d  b y  t h e  k i n d  o f  
p r o t e i n :  t h e  i n c r e a s e  in  i n t e s t i n a l  b i l e  a c i d  c o n t e n t  o f  t h e  s o y  g r o u p  
p a r a l l e l e d  t h e  i n c r e a s e  in  c h y m e  w e t  w e i g h t .  

A s  s h o w n  in  T a b l e  2 q u a n t i t a t i v e  r e s u l t s  o f  b i l e  a c i d s  a n a l y z e d  e n z y m a t i -  
c a l l y  o r  b y  gas  c h r o m a t o g r a p h y  w e r e  s i m i l a r  a n d  t h e  r a t i o  o f  b o t h  w i t h  
v a l u e s  b e t w e e n  0.85 a n d  1.10 w a s  s a t i s f a c t o r y .  T h e  m a i n  b i l e  a c i d s  in  
c a s e i n -  or  s o y - f e d  m i n i a t u r e  p i g s  w e r e  c h e n o d e o x y c h o l i c  a c i d  (27.6 a n d  
30.5 % (w/w), r e s p e c t i v e l y ) ,  h y o d e o x y c h o l i c  a c i d  (30.0 a n d  39.6 %, r e s p e c -  
t i ve ly )  a n d  h y o c h o l i c  a c i d  (39.6 a n d  28.8 %, r e s p e c t i v e l y ) .  T h e s e  t h r e e  b i l e  

Table 2. Intest inal  bile acids for individual  animals. 

Animal  No. 
Method C3 C~ C8 $4 ST $9 

mmol  
3 a-HSD (1) 4.64 3.28 3.94 4.36 7.66 7.27 
Gaschromatography  (2) 5.10 3.38 4.14 4.51 6.51 6.32 
Ratio (2):(1) 1.10 1.03 1.05 1.03 0.85 0.87 

C3, C6, C8: Casein-fed animals 
$4, $7, $9: Soy-fed animals 
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Table 3. Composi t ion of intest inal  bile acids in casein- or soy-fed miniature  pigs. 

Bile acids Casein Soy 
(n = 3) (n = 3) 

% of total 
Chenodeoxychol ic  acid 27.6 30.5 
Hyodeoxychol ic  acid 31.0 39.6 
Hyocholic  acid 39.6 28.8 
Cholic acid 1.8 1.1 

a c i d s  m a k e  u p  m o r e  t h a n  98 % of  t h e  b i l e  ac ids .  T h e  s o y - f e d  a n i m a l s  
t e n d e d  to  h a v e  m o r e  s e c o n d a r y  b i l e  ac ids .  

T h e  d i s t r i b u t i o n  o f  b i l e  a c i d s  in  t h e  s m a l l  i n t e s t i n e  is  g i v e n  in  F ig .  4. I n  
b o t h  g r o u p s  a m a r k e d  p e a k  o f  t h e  a m o u n t  o f  b i l e  a c i d s  w a s  o b v i o u s .  Th i s  
p e a k  w a s  m o r e  p r o n o u n c e d  in  t h e  d i s t a l  p a r t s  o f  t h e  s m a l l  i n t e s t i n e  w h e n  
s o y  w a s  fed.  T h e  c o n c e n t r a t i o n  o f  b i l e  a c i d s  w a s  h i g h e s t  in  t h e  m i d d l e  o f  
t h e  j e j u n u m  in  b o t h  d i e t a r y  g r o u p s .  I n d e p e n d e n t  o f  t h e  d ie t ,  in  e a c h  
a n i m a l  t h e  f i r s t  t h i r d  o f  t h e  g u t  c o n t a i n e d  o n l y  10 % o f  t h e  t o t a l  b i l e  ac ids .  

C h o l e s t e r o l  in  i n t e s t i n a l  c o n t e n t s :  T h e r e  w a s  n o  s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  in  t o t a l  i n t e s t i n a l  c h o l e s t e r o l  (Fig.  3 D), c h o l e s t e r o l  c o n c e n t r a -  
t i on  on  a w e t  w e i g h t  b a s i s  (Fig.  3 E) n o r  c h o l e s t e r o l  c o n c e n t r a t i o n  on  a d r y  
w e i g h t  b a s i s  (Fig.  3 F)  b e t w e e n  c a s e i n -  a n d  s o y - f e d  a n i m a l s .  
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Fig. 4. Dist r ibut ion of total  bile acids and chyme bile acids in the small  intest ine of 
miniature  pigs fed on a semipurif ied diet containing either casein (W) or soy isolate 
(D). The parts  of  the gut indicate: D: duodenum; 1-8: parts of the je junum of  about  
equal  length; I: i leum. Mean of 3 animals. The animals were sacrificed 310 minutes  
after feeding. For  details see Exp. II. 
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Fig. 5. Distribution of total cholesterol and chyme cholesterol concentration in the 
small intestine of miniature pigs fed on a semipurified diet containing either casein 
(@) or soy isolate ([3). The parts of the gut indicate: D: Duodenum; 1-8: parts of the 
jejunum of about equal length; I: ileum. Mean of 3 animals. The animals were 
sacrificed 310 minutes after feeding. For details see Exp. II. 

As for  bile acids (Fig. 4) low a m o u n t s  of  choles terol  were  found  in the  
first  th i rd  of  the  smal l  in tes t ine  (Fig. 5), i n d e p e n d e n t  o f  whe the r  casein  of  
soy  pro te in  isolate  was fed. The  concen t ra t ion  of  choles terol  in the c h y m e  
on a we t  we igh t  basis  did not  differ  very  m u c h  in the di f ferent  segments ,  
e i ther  in the  soy pro te in  or in the  casein  g roup  (Fig. 5). 

D i s c u s s i o n  

Severa l  a t t em p t s  have  been  m a d e  to expla in  s e rum lipid changes  
i nduced  b y  di f ferent  d ie ta ry  prote ins ,  t h rou gh  changes  of  fecal s teroid 
excre t ion  (32, 28). This  a s s u m p t i o n  was s u p p o r t e d  by  severa l  inves t iga tors  
r epor t ing  a rise of  fecal bile acids (12) and  neut ra l  s teroids  (9, 1) fol lowing 
an e x c h a n g e  of  d ie ta ry  casein  by  p lant  protein.  

Such  an a s s u m p t i o n  agrees  wi th  the  genera l  observa t ion  tha t  s teroid 
losses  i nduced  e i ther  b y  ileal by-pass ,  bi l iary diversion,  an ion  exchange  
res in  (6) or d ie ta ry  f ibre (10) are paral le led by  lowered  s e r u m  lipid levels. I t  
was  the  p u r p o s e  of  this s tudy  to clarify the  gast ro- intes t inal  m e c h a n i s m s  
med ia t i ng  such  changes  of  s teroid  m e t a b o l i s m  fol lowing in take  of casein  
or soy  protein.  

Our  resul ts  c lear ly d e m o n s t r a t e  tha t  lower  s e r u m  cholesterol  levels, as 
found  in soy-fed animals ,  are a c c o m p a n i e d  by  increased a m o u n t s  of  
c h y m e  and bile acids in the  small  intest ine,  i n d e p e n d e n t  of  w h e t h e r  the  
p ro te in  is fed as an isolated c o m p o n e n t  ( E x p e r i m e n t  I) or in a s emisyn the -  
tic diet  s u p p l e m e n t e d  wi th  30 ene rgy  % fat and  1% (w/w) choles tero l  
( E x p e r i m e n t  II). This  obse rva t ion  is s imi lar  to f indings in mice  whe re  
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m o r e  c h y m e  and bile acids have  been  found  in the  smal l  in tes t ine  af ter  
feed ing  of  soy  pro te in  c o m p a r e d  wi th  casein (22). 

Severa l  exp lana t ions  m a y  be  cons ide red  to expla in  this increase  in the  
a m o u n t  of  c h y m e  and bile acids in the  smal l  in tes t ine  p r o d u c e d  by  soy  
protein.  I t  is un l ike ly  to be  p roduced  b y  lower  pre-caecal  n i t rogen  digesti-  
bil i ty b e c a u s e  obse rva t ions  in f is tulated pigs showed  no stat ist ically sig- 
n i f icant  d i f fe rence  in pre-caecal  n i t rogen digest ibi l i t ies  (7). 

The re  m a y  be  a h igher  secre t ion  of  bil iary bile acids into the  intest ine.  
Th ree  o ther  f indings do not  s uppo r t  this a s sumpt ion .  S c h n e e m a n  (23) did 
no t  obse rve  a h igher  ra te  of  bil iary bile acid secre t ion fol lowing 
in t r aduodena l  infus ion  of  soy  isolate. Similar  f indings were  obse rved  in 
our  l abo ra to ry  showing  tha t  bile f low and bil iary bile acids and  choles tero l  
were  not  s tat is t ical ly di f ferent  90 m i n  pos tp rand ia l ly  in pigs fed e i ther  soy  
or case in  (7). Thi rd ly  in rats, T a n a k a  et al. (29) found  no di f ferences  in 
bi l iary bile acid exc re t ion  and  rate  of  bile f low w h e n  an imals  were  fed 
choles terol - f ree  diets  conta in ing  soy isolate or casein (29). The  increase  in 
the  a m o u n t  of  c h y m e  in the  smal l  in tes t ine  as obse rved  in this p a p e r  
sugges ts  tha t  the  e m p t y i n g  of  the  s t o m a c h  is enhanced  by  feeding  soy  
protein.  Moreove r  a h igher  secre tory  act ivi ty of  e i ther  the  in tes t inal  
m u c o s a  and/or  the  exc re to ry  panc reas  (22, 23) m a y  be visual ized as fac tors  
to con t r ibu te  to h igher  c h y m e  conten ts  fol lowing soy. Morpholog ica l  
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Fig. 6. Relation between amount of intestinal bile acids and chyme content of casein 
( I )  or soy (0) fed miniature pigs. For details see Exp. II. 
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changes  of  intestinal mucosa  in calves fed on a diet conta ining soy have 
indeed been  observed (24). Such  a mechan i sm is consis tent  with the 
h igher  d ry  and wet c h y m e  content  observed in our  s tudy  caused by soy. 

We therefore  propose  the following mechan ism:  more  c h y m e  in the 
small intest ine caused either by the hypersecre tory  pancreas  and mucosa  
or by  an enhanced  empty ing  of  the s tomach,  would funct ion as a trap for 
bile acids. Ei ther  this larger amoun t  of chyme  would  then cause a diffu- 
sion barrier  for the bile acids, or the ileal bile acid concentra t ions  are less 
than  is necessary  to saturate the active t ranspor t  system (16). Both  alter- 
nate mechan i sms  would  cause a l imited ileal reabsorpt ion veloci ty so that  
more  bile acids by-pass the ileal salvage and show up in the feces. Which of  
these alternate modes  of  action is correct  is present ly  under  invest igation 
in this laboratory.  

There  was a close correlat ion be tween c h y m e  wet  and dry weight  and 
the intestinal bile acid pool in our  exper iments ,  independen t ly  of  whe ther  
casein or soy was fed (Fig. 6). This does not  suppor t  the assumpt ion  that  
specific b inding  of  bile acids to chyme  consti tuents,  including dietary 
protein, is impor tan t  for the higher  intestinal t rapping  of  bile acids follow- 
ing soy. This is in ag reement  with reports of  Woodward  and West (34) and 
Sklan et al. (25). These invest igators did not  find evidence that  in vi tro 
binding  of  cholate to soy is s t ronger  than to casein or that  the former  has a 
part icular  inhibi tory effect on cholate up take  by avian duodenal  loops. 

In  contras t  to the bile acids, total intestinal cholesterol  conten t  was not  
statistically different (Fig. 3). Similar results have been reported by 
Tanaka  et al. (30), who  have invest igated the effect of soy protein or casein 
on cholesterol  and copros tanol  excret ion and their contents  in the gut  of 
rats. There  was no difference be tween the 2 types of  protein when  total 
neutral  steroids were  compared  in different parts of the gut. These find- 
ings indicate that  the lower serum cholesterol values of  the soy-fed ani- 
mals mus t  have been media ted  by other  mechan i sms  than only lower 
absorp t ion  of  dietary cholesterol.  

In  conclusion,  the data reported are in full agreement  with the proposal  
that  alterations of  intestinal bile acid phys io logy are involved in the 
m e c h a n i s m  media t ing the different response  of se rum lipids to dietary 
protein. The mos t  significant f inding needing  fur ther  invest igat ion was 
the parallel rise of  c h y m e  wet  and dry weight  and small intestinal bile acid 
pool size following the feeding of  soy protein isolate. 
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