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

Seve ra l  i n v e s t i g a t o r s  h a v e  r e p o r t e d  t ha t  p h o s p h o p e p t i d e s  i n c r e a s e  the  
i n t e s t i n a l  a b s o r p t i o n  of c a l c i u m  u n d e r  sho r t  t e r m  c o n d i t i o n s  (5, 11, 13). 
P h o s p h o p e p t i d e s  are p h o s p h o s e r i n e - r i c h  s e q u e n c e s  t h a t  are  r e l e a s e d  du r -  
i ng  the  in  v i t ro  (10, 11) or in  v ivo  (6, 9) d i g e s t i o n  of casein .  We e x p l o r e d  
w h e t h e r  the  a b s o r p t i o n  of  c a l c i u m  a n d  t h e r e b y  the  m i n e r a l i z a t i o n  of  b o n e  
cou ld  b e  e l eva t ed  in  v ivo  b y  p h o s p h o p e p t i d e s  d u r i n g  l o n g - t e r m  n u t r i t i o n  
s tud ies .  F u r t h e r ,  we  w o n d e r e d  w h e t h e r  s u c h  a s t i m u l a t i n g  effect  is m o r e  
o b v i o u s  in  v i t a m i n - D - d e p l e t e d  a n i m a l s ,  as r e p o r t e d  b y  M y k k ~ n e n  a n d  
W a s s e r m a n  (11). 

M e t h o d s  

In Study 1, weanling piglets were fed on a semipurified diet for 12 weeks. The diet 
is described in detail elsewhere (3) and was modified as follows: the diet contained 
only 15 wt% protein, either as casein or whey protein concentrate, 0.3 % calcium, 
and 25 wt% sucrose instead of corn starch. Whey protein lacks such phosphoserine- 
rich sequences and, therefore, has no phosphopeptide-releasing potential. 

In Study 2, weanling rats were fed a semipurified diet for 7 weeks. The diet 
contained 20 wt% protein, either as casein, whey protein concentrate, or whey 
protein concentrate plus a phosphopeptide preparation and 0.8 % calcium. Further 
components  were: (g/100 g) soy oil, 4; cellulose, 3; minerals and vitamins, 6; and 
corn starch ad 100. (The phosphopeptide preparation was kindly provided by 
Sopharga, Ceully, France, and prepared according to the technical procedure 
described in a U.S. patent (2).) The rats were vitamin-D-depleted; they were bred 
from mothers which got a diet free of vi tamin D. The animals were kept in a room 
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with artificial, UV-free light. Balance periods were performed in pigs in weeks 9-10, 
and in rats in week 5. At the end of both studies the animals were sacrificed. Femora 
were taken for analyses. 

Resu l t s  and d i s c u s s i o n  

The re  were  no  s i g n i f i c a n t  d i f f e r ences  in  c o n t e n t  o f  c a l c i u m  a n d  hy- 
d r o x y l a p a t i t e  or b e n d i n g  m o m e n t  of  the  f e m u r  b e t w e e n  case in -  or w he y -  
p ro t e in - f ed  p ig le t s  (Table  1). No s i gn i f i c an t  d i f f e r ence  in  c a l c i u m  b a l a n c e  
was  o b s e r v e d  (data no t  shown) .  Th i s  d e m o n s t r a t e s  t ha t  c a s e i n - d e r i v e d  
p h o s p h o p e p t i d e s  d id  no t  ra ise  the  u t i l i za t ion  of  d i e t a ry  ca l c ium.  

In  v i t a m i n - D - d e p l e t e d  rats  the  d ie ts  c o n t a i n i n g  the  p h o s p h o p e p t i d e  
p r e p a r a t i o n  or c a s e i n  d id  n o t  i n c r e a s e  the  a p p a r e n t  a b s o r p t i o n  or r e t e n t i o n  
of c a l c i u m  in  c o m p a r i s o n  to w h e y  p r o t e i n  (Table  2). 

O the r  t h a n  w h a t  c o u l d  be e x p e c t e d  f rom the  r e su l t s  r e p o r t e d  ear l ie r  (5, 6, 
10, 11, 13), we d id  n o t  o b s e r v e  tha t  p h o s p h o p e p t i d e s  or  c a s e i n - g e n e r a t i n g  
p h o s p h o p e p t i d e s  e leva te  the  b i o a v a i l a b i l i t y  of c a l c i u m  or c h a n g e  p a r a m e -  
ters  of b o n e  p e r f o r m a n c e .  Th i s  o b s e r v a t i o n  was  m a d e  in  two  a n i m a l  
species :  in  pigs  c o n s u m i n g  die ts  w i t h  h i g h  (data  n o t  s h o w n )  or low 
c a l c i u m  c o n t e n t ,  a n d  in  v i t a m i n - D - r e p l e t e  (data  n o t  s h o w n )  a n d  - de p l e t e d  
rats. 

T h e  c a l c i u m - a b s o r p t i o n - s t i m u l a t i n g  effect  of  p h o s p h o p e p t i d e s  ha d  b e e n  
o b s e r v e d  b y  o the r  i nves t i ga to r s  w h o  u s e d  the  l iga ted  loop  t e c h n i q u e  (7, 13) 
or in  v i t ro  m e t h o d s  (11). 

However ,  in ou r  con t ro l l ed  n u t r i t i o n a l  s t u d y  no  effect  on c a l c i u m  
absorption and retention, or bone mineralization and stability was 
observed. We conclude that phosphopeptides do not contribute signifi- 
cantly to the utilization of calcium. Recent in vitro" (4, 8) and in vivo studies 
(1) support this finding. Moreover, our results are in full agreement with 
Pointillart (12), who reported no calcium-absorption-stimulating effect of 
phosphopeptides in domestic pigs. One has to keep in mind, however, that 

Table 1. Effect of diets containing casein or whey protein concentrate and 0.3 % 
calcium on parameters of femora. 

Parameter Casein Whey protein 

SEM ~ SEM 

Wet weight (g) 40.7 1.9 42.0 5.9 nsD 
Ash in DM ~) (%) 57.4 1.3 56.6 1.4 ns 
Calcium (mg/g wet) b) 179.2 4.9 174.7 4.6 ns 
Bone density ~) 
(g hydroxylapatite/cm 3) 1.01 0.01 0.98 0.02 ns 
Bending moment  d) (kN) 1.05 0.07 0.93 0.06 ns 

Values are means • SEM of eight growing miniature pigs weighing 15-20 kg. 
~) = dry matter, b) calcium was measured by atom absorption spectrometry, c) bone 
density was measured radiographically according to Wolschendorf and Vanselow 
(14), d) bending moment  was measured by a universal testing machine kindly 
provided by Beiersdorf, Hamburg, FRG, ~ ns = p > 0.05. 
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Table  2. Ef fec t  of  p h o s p h o p e p t i d e s  (PP)  on  a p p a r e n t  c a l c i u m  a b s o r p t i o n ,  c a l c i u m  
re ten t ion ,  a n d  p l a s m a  c a l c i u m  in g rowing ,  v i t a m i n - D - d e p l e t e d  rats.  

Case in  W h e y  p r o t e i n  W h e y  p r o t e i n  + P P  

X x 
(SEM) (SEM) (SEM) 

A p p a r e n t  Ca a b s o r p t i o n  ~') 43.0 44.3 44.9 
(%) (1.7) (1.2) (1.8) 

Ca r e t e n t i o n  ") 4.53 4.87 5.10 
(retool/5 d) (0.24) (0.22) (0.35) 

P l a s m a  C a  b ) 2.57 2.57 2.70 
(0.15) (0.13) (0.15) 

P l a s m a  25(OH)D3b) ~') n.d. n.d. n.d.  

Va lues  are m e a n s  + S E M  for s e v e n  an ima l s :  ") of  a 5-day b a l a n c e  per iod ,  b) at  w e e k  7, 
~) 25(OH)D~ = Choleca lc id io l ,  n.d. = no t  d e t e c t a b l e  (< 7 nmol/ l) .  CraO~ was  i n c l u d e d  
as n o n  a b s o r b a b l e  m a r k e r  in t he  diet .  T h e r e  we re  no  s ign i f i can t  d i f f e r ences  b e t w e e n  
d ie t s  of  any  p a r a m e t e r .  

i n  o u r  s t u d y  a r a t h e r  c r u d e  m i x t u r e  o f  p h o s p h o p e p t i d e s  w a s  u s e d .  T h e r e -  
fo r e ,  i t  c a n n o t  b e  e x c l u d e d  t h a t  s p e c i f i c  p h o s p h o p e p t i d e s  m a y  e n h a n c e  
c a l c i u m  a b s o r p t i o n  a n d  r e t e n t i o n .  
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