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Summary: The availability of zinc from two semi-synthetic diets with isolated 
whey protein (Wp D) or with isolated casein (Cas D) as protein component  (20 % W/ 
W) was compared in a 21-day study with growing male rats (initial weight 40 g; 14 
animals/group). Zinc concentration in both diets (18 ppm) was adequate to meet the 
requirements of the animals fed ad libitum. For radiolabeling - 13~tg6~Zn (= 4 ~t Ci) 
was given daily by intragastrie intubat ion to each animal. The investigation was 
designed primarily as a retention study, but also general parameters like weight 
development, food and water intake, organ weights etc. were registered and the 
activity of alkaline phosphatase was determined in serum and femur tissue. A 
significantly higher percentage of 65Zn was retained in the whole body from the 
Wp D (36.5 %) than from the Cas D (31.6 %) during the experimental  period. The 
same is valid for the percentage retention of G~Zn in the femur and for the 65Zn 
concentration in femur and hair as well as for the total zinc concentration (65Zn and 
non-labeled zinc) of the femur. The other parameters determined were not unequi- 
vocally influenced by the protein component  of the diet. The study clearly demon- 
strated that the availability of zinc by the growing rat was better from a diet with 
whey protein than from one with casein as the protein component.  The reason on 
this phenomenon  has to be elucidated by further investigations. 

Zusammenfassung: Ziel der Untersuchung war es, die Verf(igbarkeit von Zink 
aus zwei semisynthethischen Kostformen, die isoliertes Molkenprotein (Wp D) bzw. 
isoliertes Casein (Cas D) als Prote inkomponente  (20 Gew. %) enthielten, zu verglei- 
chert. Je 14 wachsende m~innliehe Ratten pro Gruppe (Anfangsgew. 40 g) wurden 
mit  diesen Di/iten 21 Tage lang ad l ibi tum gef~ittert. Die Kostformen enthielten mit 
18 ppm eine bedarfsdeekende Zinkdosis. Zur radioaktiven Markierung des Zinks 
wurden jedem Tier t/iglich - 13 ~g65Zn (= 4 ~t Ci) intragastral gesondet. Die Untersu- 
chung war haupts~ichlich als Retentionsstudie angesetzt, es wurden jedoch auch 
allgemeine Parameter wie Gewichtsentwicklung, Futter- und  Trinkwasserauf- 
nahme, Organgewichte u. a. erfal3t und  die Aktivit~it der alk. Phosphatase in Serum 
und Femurgewebe bestimmt. W~hrend der Versuchsperiode wurde aus der Wp D 
signifikant mehr 65Zn (36,5 %) im Ganzk6rper retiniert als aus der Cas D (31,6 %). 
Analoges gilt fur die ~5Zn-Retention im Femur  und ffir die 65Zn-Konzentration im 
Femur  und  Haar sowie ffir die Gesamt-Zink-Konzentration (~Zn und  nicht mar- 
kiertes Zink) im Femur. Bei den sonstigen Parametern war kein eindeutiger Ein- 
fluB der Prote inkomponente  festzustellen. Die Untersuchung hat eindeutig bewie- 
sen, dab das Zink aus einer Kostform mit Molkenprotein besser verffigbar ist als 
872 
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aus einer Di~t mit Casein als Proteinkomponente.  Den Grund hierffir sollen weitere 
Exper imente  kl~ren. 

Key words: zinc availability, casein, whey protein, retention study 

Introduct ion  

I n  a p r e v i o u s  s t u d y  the  ava i l ab i l i t y  of z inc  f rom c a s e i n  or w h e y  p r o t e i n  
s u s p e n s i o n s  was  i n v e s t i g a t e d  in  w e a n e d  ra ts  over  a 24-hour  p e r i o d  (11). 
F r o m  the  t i m e  c o u r s e  of  t he se  e x p e r i m e n t s  we  e s t a b l i s h e d  t h a t  s h o r t - t e r m  
i n v e s t i g a t i o n s  are  n o t  a p p r o p r i a t e  for c o m p a r i n g  d i f f e r e n t  d ie t s  for t he i r  
ef fects  on  b i o a v a i l a b i l i t y  of  z inc  - a n d  of  o t h e r  t r ace  e l e m e n t s :  d e p e n d i n g  
o n  w h e n  t he  e x p e r i m e n t  was  t e r m i n a t e d  o p p o s i t e  r e su l t s  c o u l d  be  ob-  
t a i n e d .  The re fo re ,  w e  c o n c l u d e d  t h a t  o n l y  l o n g - t e r m  i n v e s t i g a t i o n s  m a y  be  
s u i t a b l e  to j u d g e  t he  q u a l i t y  of  d i e t a ry  p r o t e i n s  w i t h  r ega rd  to t he i r  
f a v o u r a b l e  or  u n f a v o u r a b l e  effect  on  z inc  ava i l ab i l i ty .  Th i s  w o u l d  h o l d  
t r u e  e s p e c i a l l y  i f  o n l y  s l igh t  v a r i a t i o n s  are  e x p e c t e d .  F o r  t he  s a m e  r eason ,  
the  p r e s e n t  i n v e s t i g a t i o n  was  d e s i g n e d  p r i m a r i l y  as a z inc  r e t e n t i o n  s tudy .  
As  z inc  s u p p l y  b y  the  two  d ie t s  was  a d e q u a t e  for  the  e x p e r i m e n t a l  a n i m a l s  
it c o u l d  n o t  be  a n t i c i p a t e d  t h a t  g r o w t h  w o u l d  be  affected.  A good  cor re la -  
t i o n  b e t w e e n  z inc  s t a t u s  a n d  a l k a l i n e  p h o s p h a t a s e  ac t iv i ty  was  f r e q u e n t l y  
d i s c u s s e d .  T h u s ,  th i s  p a r a m e t e r  was  i n c l u d e d  in  t he  e x p e r i m e n t s .  

Materials  and Methods  

The experiments  were carried out in  28 weaned male rats (initial body weight 
40.0 + 1.3 g) divided into two groups. The animals were kept separately in plastic 
metabolic cages for 21 days. The experimental  device made it possible to quantify 
the food and drinking water intake as well as to collect urine and feces separately. 
In order to prevent contaminat ion with zinc, drinking water tubes, food boxes and 
cages were cleaned regularly with EDTA-solution. The experimental  animals were 
kept at 25 ~ in a room with 60 % relative humidi ty and light-dark periods lasting 
12 hours. 

The animals were fed an experimental semi-synthetic diet with the following 
composit ion (in percent by weight): casein from bovine milk l) or whey protein from 
bovine milk 20%, rice starch 63%, saecharose 5% lard 5%, minerals 5% 2) and 
vi tamins 2 %2). The zinc content  of the diets - determined by atomic absorption 
spectrometry - was 18.1 ppm in the casein (Cas D) and 18.4 ppm in the whey protein 
diet (Wp D). These powdered diets as well as aqua bidest, were accessible ad 
libitum. Additionally, each animal was intubated 0.5 ml of a protein suspension 
containing 10 mg of casein or whey protein, respectively and 14 ~tg radiolabeled zinc 
(GSZn =0.98 ~Ci; Amersham Buehler, Braunschweig) every day. To control the 
intragastric administrat ion of 65Zn, each rat was measured by a whole body gamma- 
counter  for laboratory animals against a point-shaped 6~Zn-standard immediately 
after intubat ion of the nuclide. In order to be able to consider the amount  of 65Zn 
already incorporated, a 65Zn determination was carried out in the whole body 
counter  against a spread 6~Zn standard before the estimation ment ioned above, and 
the difference between both values was calculated. 

1) supplemented with DL-methionine (3.5 g/kg diet) 
2) essential minerals and vitamins adequate to meet the requirement  of growing 

rats (9) 
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T h e  fo l lowing  parameters were  registered: 

a. Daily:  

- b o d y  we igh t ,  w h i c h  is c o n s i d e r e d  as a good  i n d i c a t o r  for  t he  u t i l i za t ion  o f  
e x p e r i m e n t a l  d i e t s  as a w h o l e  in  g r o w i n g  o r g a n i s m s ;  

- food  a n d  thus ,  Z n  in t ake ;  
- d r i n k i n g  w a t e r  i n t ake ;  
- u r i n e  v o l u m e  a n d  ~5Zn in  u r ine ;  
- feces  w e i g h t  a n d  65Zn in  feces;  

b. Af te r  t e r m i n a t i o n  o f  t he  e x p e r i m e n t :  

- w h o l e  b o d y  r e t e n t i o n  of  65Zn 
- r e t e n t i o n  of  65Zn in  l iver,  k idney ,  tes tes ,  panc rea s ,  sp leen ,  f emur ,  w h o l e  b lood,  

s e r u m  a n d  ha i r ;  in  t h i s  c o n t e x t  b o n e  a n d  l iver  w e r e  c o n s i d e r e d  as o r g a n s  in  
w h i c h  a h i g h  p r o p o r t i o n  of  t he  to ta l  b o d y  z inc  is r e t a ined ,  w h e r e a s  p a n c r e a s  a n d  
s e r u m  are  m a r k e d  by  p r o n o u n c e d  zinc d y n a m i c s ;  

- w e i g h t  of  o r g a n s  m e n t i o n e d  above ,  e spec ia l ly  as a r e f e r e n c e  bas i s  for  t h e  
r e t e n t i o n  ca lcu la t ion ;  

- a c t i v i t y  of  a lka l i ne  p h o s p h a t a s e  (EC 3.1.3.1) in  s e r u m  a n d  femur ,  as i n d i c a t o r  
e n z y m e  of  z inc  s u p p l y  s ta tus ;  

- p r o t e i n  c o n c e n t r a t i o n  in  s e r u m  a n d  f emur ,  as a r e f e r e n c e  basis .  

Sample  preparation 

On t h e  22nd  day,  i.e. 24 h o u r s  a f t e r  t he  las t  i n t u b a t i o n  of  65Zn, t he  a n i m a l s  we re  
k i l l ed  b y  d e c a p i t a t i o n .  F r o m  t h e  b l o o d  co l l ec ted  in h e p a r i n i s e d  t u b e s  n o n - h e m o l y -  
t ic  s e r u m  was  p r e p a r e d  b y  cen t r i fuga t ion .  A ha i r  s a m p l e  was  cu t  off  f r om a n  1 c m  2 
a rea  of  t h e  a b d o m e n .  Liver ,  k idneys ,  p a n c r e a s ,  s p l e e n  a n d  t e s t e s  we re  r e m o v e d  
f r o m  the  a b d o m i n a l  cav i ty  a n d  b o t h  f e m u r  b o n e s  we re  d i s sec ted .  T h e  lef t  f e m u r  
was  s t o r e d  in  ice  for  e s t i m a t i o n  of  t h e  a lka l ine  p h o s p h a t a s e  act iv i ty .  Af te r  d e t e r m i -  
n a t i o n  of  65Zn t h e  r i g h t  f e m u r  was  a s h e d  for  d e t e r m i n a t i o n  of  to ta l  z inc c o n t e n t .  

Analytical methods  

I m m e d i a t e l y  a f t e r  k i l l ing  to ta l  65Zn r e t a i n e d  was  m e a s u r e d  by  a w h o l e  b o d y  
g a m m a - c o u n t e r  for  l a b o r a t o r y  an imal s .  ~ Z n  in t h e  o r g a n s  a n d  b io log ica l  f lu ids  was  
d e t e r m i n e d  in  a g a m m a - c o u n t e r  (LB M A G  510, B e r t h o l d ,  Wildbad) .  

Tota l  z inc  ( n o n - l a b e l e d  a n d  labe led)  in  f e m u r  a s h  was  d e t e r m i n e d  by  a t o m i c  
a b s o r p t i o n  s p e c t r o m e t r y  a c c o r d i n g  to P a r k e r  (10) (AAS P e r k i n  E l m e r  360). 

D e t e r m i n a t i o n  o f  t he  a lka l ine  p h o s p h a t a s e  ac t iv i ty  in  s e r u m  a n d  f e m u r  t i s s u e  was  
ca r r i ed  ou t  c o r r e s p o n d i n g  to t h e  " o p t i m i z e d  s t a n d a r d  m e t h o d "  of  t h e  D e u t s c h e  
G e s e l l s c h a f t  for  K l i n i s c h e  C h e m i c  (1), u s i n g  d i e t h a n o l a m i n e  buffer .  Fo r  t h e  p repa -  
r a t i o n  o f  t h e  b o n e  s a m p l e  a m e t h o d  d e s c r i b e d  by  R o t h  a n d  K i r c h g e s s n e r  (13) was  
used .  

P r o t e i n  c o n c e n t r a t i o n  in s e r u m  a n d  f e m u r  was  m e a s u r e d  a c c o r d i n g  to L o w r y  e t  
al. (5). 

Statistical analysis 

Data  a re  s t a t e d  as m e a n  v a l u e s  of  t he  g r o u p s  -+ s t a n d a r d  d e v i a t i o n  of  t h e  ind iv i -  
d u a l  va lues .  N o r m a l  d i s t r i b u t i o n  of  t h e  va r i ab l e s  was  t e s t ed  by  p r o g r a m m  B M D P  
5 D - h i s t o g r a m  a n d  u n i v a r i a t e  plots .  Out l ie r s  were  e l i m i n a t e d  by  the  Na l imov-Tes t .  
D i f f e r ences  b e t w e e n  m e a n  va lues  we re  e v a l u a t e d  w i th  S t u d e n t ' s  t - tes t  ( B M D P  3D). 
A p -va lue  less  t h a n  0.05 was  c o n s i d e r e d  to i nd i ca t e  a s t a t i s t i ca l ly  " s i g n i f i c a n t "  
d i f f e r e n c e  b e t w e e n  two m e a n  va lues .  



236 Zeitschrift ffJr Ernditn'ungswissenschaft, Band 25, Heft 4 (1986) 

R e s u l t s  

The f ood  in take  over the whole  exper imenta l  period in the Cas D group  
(141.2 ___ 20.6g) and in the W p D  group  (138.6 + 7.4g) was not  significantly 
different. Thus, the total zinc intake (labeled and non-labeled) dur ing  this 
t ime was also a lmost  identical:  2.62 + 0 .4mg in the Cas D group  and 
2.61 + 0 .1mg in the W p D  group.  

The food  e f f i c iency  ratio (g weight  gain/100 g food) was calculated to be 
31 .7+3 .8g  for the CasD and 30 .1+6 .0g  for the WpD.  The difference 
be tween  the g roups  was not  significant. As a consequence  of  the h igher  
food intake on the one hand  and of  the higher  food efficiency ratio on the 
o ther  hand,  a slightly h igher  b o d y  we igh t  was registered in the Cas D 
group  (85.8 _+ 4.3 g) than in the Wp D group  (81.6 + 8.2 g) at the te rminat ion  
of  the exper iment .  The dally dr ink ing  water  in take  in the Cas D group  
(9.9 + 1.8 ml) was significantly lower than  in the Wp D group  (12.6 + 3.4 ml). 
For  the ur ine volume,  on the other  hand,  only unsignif icant  differences 
were  registered (Wp D 5.32 ___ 2.1 ml/d; CasD 4.88 ___ 1.9 ml/d). 

The absolute  weigh t s  of k i d n e y  (790 ___ 30 mg) and pancreas  (350 +__ 30 mg) 
in the Cas D group  were  significantly h igher  than  in the Wp D group 
(760 + 30 mg  and 290 + 50rag). But  these differences became statistically 
non  significant w h e n  calculated per  100 g b o d y  weight. The weight  of  the 
o ther  organs  was independen t  of  the k ind of  diet. 

65Zn re ta ined f rom the Cas D and f rom the Wp D in the whole  b o d y  and 
in different  organs  at t e rmina t ion  of  the exper iment  is summar ized  in 
Table 1. The percen tage  of  6SZn (Table la) retained f rom the Wp D in the 
whole  b o d y  (36.5 %) was significantly h igher  than  that  retained f rom the 
Cas D (31.6 %). F r o m  the organs considered,  the femur  was the only one 
where  a significantly h igher  percentage  of  ~Zn  was retained f rom the 
Wp D than  f rom the Cas D. 

The concent ra t ion  o f  65Zn per  g wet  weight  (Table lb) was significantly 
h igher  in f emur  and hair  of  the Wp D group.  Se rum ~ concent ra t ion  on 
the other  h a n d  was significantly lower  in the Wp D group.  However ,  the  
exact  de te rmina t ion  of  the very  low se rum 6~Zn-concentration was affec- 
ted by  a cer tain inaccuracy.  

In  Figure  1 the  t ime  course  65Zn retent ion in the whole  b o d y  is registered 
as a percen tage  of  6SZn intubated.  The only t ime at which  ~ re tent ion 

Table la. 6~Zn retained from the casein and the whey protein diet after 21 days (% of 
65Zn intubated)*. 

Cas D n** Wp D n** Significance 

Liver 2.22 __+ 0.4 13 2.03 + 0.2 11 n.s. 
Kidney 0.36 + 0.1 14 0.38 ___ 0.1 14 n.s. 
Testes 0.59 +_ 0.3 14 0.59 + 0.3 14 n.s. 
Pancreas 0.25 + 0.1 13 0.23 +__ 0.i 12 n.s. 
Spleen 0.11 + 0.0 14 0.12 + 0.0 14 n.s. 
Femur 0.52 + 0.2 14 0.66 + 0.1 13 p = 0.016 
Whole body 31.60 +_ 4.5 12 36.51 -4-_ 6.0 14 p = 0.026 
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T a b l e  lb .  65Zn r e t a i n e d  f rom t h e  ca se in  a n d  t h e  w h e y  p r o t e i n  d ie t  a f te r  21 days  (pg 
p e r  g w e t  weight)*.  

Cas  D n** Wp D n** S ign i f i c ance  

L i v e r  0.68 + 0.15 14 0.63 _ 0.07 11 n.s. 
K i d n e y  0.45 + 0.09 14 0.49 _+ 0.09 14 n.s. 
T e s t e s  0.49 + 0.13 14 0.48 ___ 0.09 14 n.s. 
P a n c r e a s  0.76 _+ 0.17 13 0.84 _ 0.15 14 n.s. 
S p l e e n  0.51 + 0.11 12 0.50 _+ 0.10 13 n.s. 
F e m u r  1.82 + 0.34 14 2.07 ___ 0.08 14 p = 0.016 
Ha i r  0.45 + 0.11 13 0.55 ___ 0.08 13 p = 0.05 
W h o l e  b l o o d  0.13 + 0.03 14 0.13 _ 0.03 14 n.s. 
S e r u m  0.08 + 0.02 14 0.07 _+ 0.01 13 p = 0.02 

i 

* X _+ s.d.; ** n u m b e r  of  a n i m a l s  

f r o m  t h e  C a s  D w a s  h i g h e r  t h a n  t h a t  f r o m  W p  D w a s  t h e  s e c o n d  e x p e r i -  
m e n t a l  d a y .  A s  f r o m  t h e  t h i r d  d a y  t h e  GSZn r e t e n t i o n  c u r v e  o f  t h e  W p  D 
g r o u p  r u n s  a b o v e  t h e  c u r v e  o f  t h e  C a s  D g r o u p ,  r e s u l t i n g  i n  a s i g n i f i c a n t l y  
h i g h e r  85Zn r e t e n t i o n  f r o m  t h e  W p  D a s  a n  i n t e g r a l  o f  t h e  w h o l e  e x p e r i -  
m e n t a l  p e r i o d .  

T h e  t o t a l  z i n c  c o n c e n t r a t i o n  (6~Zn a n d  n o n - l a b e l e d  Z n )  o f  t h e  f e m u r  - 
d e t e r m i n e d  b y  A A S  - w a s  115.5_+ 2.8 ~g /g  w w  i n  t h e  W p D  g r o u p  a n d  

% 

50 

4 0 .  

30 .  
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Fig. 1. T i m e  c o u r s e  of  65Zn r e t e n t i o n  in t h e  w h o l e  b o d y  as p e r c e n t a g e  of  6SZn 
i n t u b a t e d .  Cas D = Case in  diet ;  Wp D = W h e y  p r o t e i n  diet ;  X _+ s.d.; "d i f fe rences  
b e t w e e n  Cas D a n d  Wp D s ign i f i can t  a t  p -  0.05. 
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Table 2. Protein  concentrat ion and activi ty of alkaline phosphatase  (a Pase) in 
serum*. 

Cas D n** Wp D n** Significance 

Protein (g/100 ml) 5.44_+ 0.4 12 6.57__+ 0.1 14 p = 0.009 
a Pase (U/l) 861.3 _+35.5 9 832.4 +_131.3 II n.s. 
a Pase (U/g prot.) 14.4 _+ 2.2 13 12.3 _+ 1.3 12 p = 0.01 

* X _+ s.d.; ** number  of  animals 

Table 3. Protein  concentrat ion and activity of alkaline phosphatase  (a Pase) in 
femur*. 

Cas D n** Wp D n** Significance 

Prote in  (mg/g ww) 0.12+__ 0.02 11 0.09+ 0.03 14 p = 0.02 
a Pase (U/g ww) 40.8 + 3.1 14 36.7 + 3.5 13 p = 0.04 
a Pase (U/g prot.) 1134.2 +236.4 14 1190.0 +261.2 14 n.s. 

* X _-. s.d.; ** number  of animals 

106.1 + 4.7 ~g/g w w  in  t h e  C a s D  g r o u p .  T h e  d i f f e r e n c e  w a s  f o u n d  to b e  
s i g n i f i c a n t  a t  p = 0.001. 

T h e  act iv i ty  o f  t h e  s e r u m  alkaline phospha tase  (Tab l e  2) - r e l a t e d  to  t h e  
v o l u m e  - w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  in  t h e  t w o  g r o u p s .  H o w e v e r ,  
r e l a t e d  to  t h e  s e r u m  p r o t e i n ,  t h e  c o n c e n t r a t i o n  o f  w h i c h  w a s  l o w e r  in  t h e  
Cas  D g r o u p ,  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  o f  t h e  l a t t e r  g r o u p  w a s  s ign i f i -  
c a n t l y  h i g h e r .  

T h e  p r o t e i n  c o n c e n t r a t i o n  o f  t h e  f e m u r  t i s s u e  w a s  h i g h e r  in  t h e  Cas  D 
g r o u p  ( T a b l e  3). A s  a c o n s e q u e n c e ,  alkaline phospha tase  a c t i v i t y  r e l a t e d  to  
t h e  p r o t e i n  d i d  n o t  m a r k e d l y  d i f f e r  in  t h e  t w o  g r o u p s ,  a l t h o u g h  t h e  a c t i v i t y  
o f  t h i s  e n z y m e  c a l c u l a t e d  p e r  g w e t  w e i g h t  w a s  s i g n i f i c a n t l y  h i g h e r  in  t h e  
Cas  D g r o u p .  

Discuss ion 

T h e  p r e s e n t  s t u d y  w a s  s c h e d u l e d  as  a l o n g - t e r m  e x p e r i m e n t  in  o r d e r  to  
e s t i m a t e  t h e  a v a i l a b i l i t y  o f  z inc  f r o m  t w o  s e m i - s y n t h e t i c  d i e t s  w i t h  i d e n t i -  
ca l  z i nc  c o n c e n t r a t i o n s ,  b u t  d i f f e r e n t  p r o t e i n  c o m p o n e n t s :  c a s e i n  on  t h e  
o n e  h a n d  a n d  w h e y  p r o t e i n  on  t h e  o the r .  T h e  z inc  s u p p l y  o f  t h e  a n i m a l s  
b e f o r e  a n d  d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d  w a s  a d e q u a t e  a c c o r d i n g  to  t h e  
r e c o m m e n d a t i o n s  for, g r o w i n g  r a t s  (9). R e t e n t i o n  o f  z inc  w a s  c h o s e n  as  t h e  
m a i n  c r i t e r i o n ,  b u t  a l so  s o m e  g e n e r a l  p a r a m e t e r s  e.g. b o d y  a n d  o r g a n  
w e i g h t s ,  as  w e l l  a s  b i o c h e m i c a l  d a t a  w e r e  i n c l u d e d  in  t h e  i n v e s t i g a t i o n s .  
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Ne i the r  the  food in take  nor  the  food eff ic iency ratio were  d iss imi lar  in 
the  two groups .  An a l m os t  ident ica l  b o d y  we igh t  and  also equa l  o rgan  
we igh t s  resu l ted  f rom this, espec ia l ly  w h e n  the  lat ter  was  ca lcula ted  per  
100g b o d y  weight .  This  fact  can be  j u g d e d  as a f avourab le  basis  for a 
r e t en t ion  s tudy.  The  s imi lar  course  of  b o d y  we igh t  d e v e l o p m e n t  in bo th  
g roups  cou ld  not  be  an t i c ipa ted  at all, b ecause  the  pro te in  ef f ic iency ratio 
va lue  (weight  gain  pe r  g prote in)  for case in  is 2.5 c o m p a r e d  wi th  3.5 to 4.0 
for w h e y  p ro te in  (12). The  s u p p l e m e n t a t i o n  of  the  Cas D wi th  DL-meth io -  
n ine  obv ious ly  led to an equal iza t ion  of  the  ef f ic iency of  the  two diets.  

T h e  p e r c e n t a g e  of  65Zn re ta ined  f rom the W p D  in the  whole  b o d y  
(36.5%) was  s ignif icant ly  h ighhe r  than  tha t  f r o m  the  C a s D  (31.6%). An 
ana logous  s t a t e m e n t  is val id for the  p e r c e n t a g e  re ten t ion  of  65Zn in the  
f e m u r  as well  as for  the  65Zn concen t ra t ion  in f e m u r  and  hair. The  65Zn 
re ten t ion  and  concen t r a t ion  in the  o ther  organs  cons ide red  were  not  
in f luenced  by  the  p ro te in  c o m p o n e n t  of  the  diet, as the  s ingle  var iab le  of  
the  expe r imen t .  The  only e x c e p t i o n  was the  s e rum 65Zn concen t r a t ion  
wh ich  was  lower  in the  W p D  group.  Bu t  it has to be  s t ressed,  tha t  the  
i n a c c u r a c y  of  the  ~SZn de t e rm i na t i on  in the  very  low concen t ra t ions  found  
in this b iological  f luid is cons iderable .  Thus,  it is diff icult  to m a k e  a n y  
conc lus ions  f r o m  6~Zn s e r u m  level  conce rn ing  zinc availabil i ty.  

Total  zinc concen t r a t ion  (6SZn and  non- labe led  zinc) of  the  f e m u r  was  
also d e t e r m i n e d  to be  s igni f icant ly  h igher  in the  Wp D group.  Accord ingly ,  
b o n e  t i s sue  c lear ly  ref lec ted  zinc s ta tus  of  the  o rgan ism.  This  is in agree-  
m e n t  wi th  the  v iew of  o ther  au thors  (2, 7, 8). Cons ider ing  tha t  in the  
p re sen t  s t u d y  the  zinc s u p p l y  wi th  bo th  diets  was  adequa te ,  and  tha t  
neve r the l e s s  d is t inc t  d i f fe rences  could  be  de tec ted  b e t w e e n  the  groups ,  it 
can  be  c o n c l u d e d  tha t  zinc re ten t ion  in the  bone  is a ve ry  sensi t ive  
cr i ter ion for  zinc availabil i ty.  Bu t  this  o rgan  s y s t e m  can  obv ious ly  only  be  
used  as an  ind ica tor  in an ima l  e x p e r i m e n t s .  

Ha i r  was  the  only  o the r  t i s sue  in wh ich  6~Zn concen t r a t ion  was  signifi- 
cant ly  h ighe r  in the  Wp D group.  Zinc  con ten t  of  the  hair  was  f r equen t ly  
r e c o m m e n d e d  as a cr i ter ion for  e s t ima t ion  of  t race  e l e m e n t  status,  espe-  
cial ly of  y o u n g  ch i ldren  (3, 6). Desp i t e  the  con t rovers ia l  d i scuss ion  of  the  
sui tabi l i ty  of  this p a r a m e t e r  in the  d i f ferent  s tudies,  our  resul ts  s p e a k  for  
its app l icab i l i ty  even  for de tec t ion  of  low di f fe rences  in zinc status.  

The  d e t e r m i n a t i o n  of  a lkal ine  p h o s p h a t a s e  act ivi ty  y ie lded  s o m e  
con fus ing  resul ts .  The  specif ic  ac t iv i ty  of  s e r u m  alkal ine  p h o s p h a t a s e  (U/g 
prote in)  was  found  to be  h igher  in the  Cas D group,  wh ich  would  be  in 
a g r e e m e n t  wi th  the  h igher  s e r u m  65Zn concen t r a t ion  of  this group.  How-  
ever ,  on the  bas i s  of  the  s ignif icant ly  d i f ferent  d r ink ing  wate r  in take  it can 
be a s s u m e d  tha t  the  wa t e r  ba lance  of  the  two g roups  was also ve ry  
dissimilar .  Thus ,  the  d i f ferencies  in the  s e r u m  pro te in  concen t ra t ions  
could  resu l t  f r o m  the  d i spar i ty  of  the  in t ravascu la r  water.  This  po in t  o f  
v iew was  not  cons ide red  w h e n  p lann ing  the e x p e r i m e n t s  because  shi f t ing  
of  this p a r a m e t e r  could  not  be  rel ied upon.  

The  ac t iv i ty  of  f e m u r  a lkal ine  p h o s p h a t a s e  did not  ref lect  the  signifi- 
can t ly  h igher  zinc concen t ra t ion  of  this t i ssue in the  W p D  group.  As a 
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result  of  our  exper iments  it can be asserted that  the activity of  alkaline 
phospha ta se  in se rum - and also in femur  t issue - is inappropr ia te  for 
es t imat ion of  marginal  differences of  zinc availability. Due  to the great  
n u m b e r  of  var ious factors inf luencing the activity of  this enzyme,  no 
correlat ion with zinc supp ly  can be established, especially if the  differen- 
ces be tween  the zinc dosages  or the availability of  this trace e lement  are 
slight. Studies  f rom which  the suitability of  alkaline phospha tase  activi ty 
as a cri terion of  zinc status was conc luded  were scheduled  as depletion- 
replet ion exper iments  (4) and thus  differed significantly f rom the arrange- 
men t  of  our  investigation, wi th  an adequate  zinc supply  over the whole  
period. 

Unl ike our  shor t - term exper iments  (11) the present  s tudy  plainly 
demons t r a t ed  that  the availability of zinc by the growing organism was 
bet ter  f rom a diet with w h e y  protein than from one with casein as the 
protein componen t .  Fur the r  investigations have been initiated to elucidate 
the  reason on this phenomenon .  The superior i ty  of  a long-t ime s tudy  
compared  with short - term invest igations could also be ant icipated f rom 
the fact that  several days passed until  exchange  equi l ibr ium be tween  the 
radiolabeled zinc and the stable zinc of  the body  pool  was obtained.  
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