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Summary 

The availability of zinc from isolated casein (CasD) was compared with that from 
whey protein C~pD) in 23-25 day old rats. The study was designed to show the 
course of the gastrointestinal transit time of either chyme (radiolabeled by raCe as a 
non-absorbable marker) or zinc (as ~SZn) in groups of 9 to 12 animals each. Animals 
were killed either 'A, 1/2, i, 2, 6, 12 or 24 hours after intragastric intubation of the 
protein suspensions. Immediately afterwards, intragastric pH was measured and 
the determination of zinc retention in intestinal tissues and liver as well as in the 
ca rcas s  was  p e r f o r m e d .  

30 a n d  60 m i n u t e s  a f te r  i n t u b a t i o n  t h e  i n t r agas t r i c  p H  of  t h e  CasD g r o u p  was  
s ign i f i can t ly  l ower  t h a n  t h a t  of  t h e  WpD  group .  T h e  p r e c i p i t a t i o n  b e h a v i o u r  of  t h e  
two  p r o t e i n  f r ac t ions  - c o m p a c t  c u r d  f o r m a t i o n  b y  t h e  CasD v e r s u s  f l o c c u l e n t  
s t r u c t u r e  of  t he  W p D  - w as  d e t e r m i n i n g  for  t he  p a t t e r n  of  gas t r ic  e m p t y i n g .  Wi th  
t h e  W p D  t h e  c h y m e  was  e m p t i e d  a c c o r d i n g  to a n  e x p o n e n t i a l  func t ion ;  w h i l e  t h e  
CasD p r e c i p i t a t e  lef t  t h e  s t o m a c h  in  t h r e e  d i s t i nc t  phases .  Wi th  e i t h e r  p r o t e i n  
s u s p e n s i o n  z inc  lef t  t he  s t o m a c h  ear l ie r  t h a n  t he  b u l k  of  t h e  c h y m e ,  i n d i c a t i n g  a 
pa r t i a l  d i s i n t e g r a t i o n  of  t he  z i n c - p r o t e i n - c o m p l e x e s .  Wi th  t h e  WpD,  zinc was  e m p -  
t i ed  e x p o n e n t i a l l y ,  w h e r e a s  w i t h  t h e  CasD a b i p h a s i c  e m p t y i n g  p a t t e r n  was  found .  
I l e u m  was  f o u n d  to b e  t h e  m a i n  z inc  a b s o r b i n g  s e g m e n t ,  m a i n l y  d u e  to t h e  l ong  
t i m e  of  c o n t a c t  w i t h  zinc.  Af te r  2 a n d  12 h o u r s  z inc r e t e n t i o n  f r o m  t h e  CasD was  
s i gn i f i c an t l y  h i g h e r  t h a n  t h a t  f rom t h e  WpD,  howeve r ,  a f te r  24 h o u r s  r e t e n t i o n  was  
s ign i f i can t ly  b e t t e r  f r o m  t he  WpD.  

F r o m  t h e  p r e s e n t  s t u d y  i t  c a n  b e  c o n c l u d e d  tha t ,  for  c o m p a r i s o n  of  z inc  avai labi l -  
i ty  f r o m  d ie t s  c o n t a i n i n g  d i f f e ren t  p ro t e in s ,  s h o r t - t e r m  e x p e r i m e n t s  are  no t  appro -  
pr ia te .  F u r t h e r m o r e ,  i t  c a n  b e  s u p p o s e d  t h a t  p r e a b s o r p t i v e  p r o c e s s e s  in  t he  
s t o m a c h  are  c ruc ia l  for  t h e  ava i l ab i l i ty  of  zinc. 

Zusammenfassung 
Zie l  d e r  a n  23 b is  25 Tage  a / t en  R a t t e n  d u r c h g e f / i h r t e n  Untersuchungen w a r  es, 

d ie  Ve r f f i gba rke i t  v o n  Z i n k  aus  i n t r agas t r a l  v e r a b r e i c h t e n  Casein-(CasD-)  bzw.  
M o l k e n p r o t e i n - ( W p D - ) S u s p e n s i o n e n  zu  ve rg l e i chen .  U m  d e n  z e i t a b h ~ n g i g e n  Ver-  
l a u f  des  g a s t r o i n t e s t i n a l e n  D u r c h g a n g s  des  C h y m u s  (mi t  n i e h t r e s o r b i e r b a r e m  raCe  
m a r k i e r t )  u n d  des  Z i n k s  (als 8~Zn) zu  e rmi t t e ln ,  w u r d e n  j e  9 bis  12 Tiere  �88 'A, 1, 2, 6, 
12 u n d  24 S t u n d e n  n a c h  d e m  S o n d e n  get6te t .  U n m i t t e l b a r  d a n a c h  w u r d e  d e r  
i n t r a g a s t r a l e  pH-Wer t  sowie  die  R e t e n t i o n  y o n  Z i n k  im D a r m g e w e b e ,  L e b e r  u n d  
R e s t k 6 r p e r  g e m e s s e n .  
844 
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30 Minuten nach Intubation der Proteine war der pH-Wert im Magen der CasD- 
Gruppe signifikant niedriger als der der WpD-Gruppe. Die unterschiedliche intra- 
gastrale Prtizipitation der beiden Proteine - kompaktes Pr~zipitat bei Casein, 
feinflockiges bei Molkenprotein- dtirfte ausschlaggebend sein ffir das Entleerungs- 
muster aus dem Magen: der Chymus aus WpD wurde einer Exponentialfunktion 
entsprechend entleert, wfihrend der Chymus aus CasD den Magen in drei Phasen 
mit unterschiedlicher Geschwindigkeit verlieg. Das Zink aus beiden Proteinsus- 
pensionen wurde schneller aus dem Magen entleert als die Masse des Chymus, 
woraus auf eine zumindest partielle Losl6sung des Zinks aus der Proteinbindung 
geschlossen werden kann. Das Zink aus der WpD wurde exponentiell, das Zink aus 
der CasD nach einem biphasischen Muster entleert. Als Folge der besonders langen 
Verweildauer des Zinks im Ileum erwies sich dieser Darmabschnitt als Hauptre- 
sorptionsort. Die Zink-Retention war 2 und 12 Stunden nach Verabreichung der 
Nahrungen signifikant hbher aus der CasD als aus der WpD, nach 24 Stunden 
jedoch war aus der WpD signifikant mehr Zink retiniert worden als aus der CasD. 
Aus dieser Untersuchung ist zu folgern, dab zur Beurteilung der Zink-Verffigbar- 
keit aus unterschiedlichen Proteinen Kurzzeitversuche ungeeignet sind. Weiterhin 
muB angenommen werden, dab die prfiresorptiven Prozesse im Magen ftir die 
Zinkverftigbarkeit yon wesentlicher Bedeutung sind. 

Key words: zinc, availability, casein, whey protein, gastrointestinal transit time 

Introduct ion 

The bioavailabili ty of  zinc was found to be significantly higher  f rom 
h u m a n  than  f rom bovine milk or bovine  milk based formulas  (20, 8, 13, 14, 
4, 22). Studies  per formed to clarify the reason for these differences focused 
main ly  on the effects of  low molecular  weight  zinc binding l igands such  as 
citrate (17), picolinic acid (9) and prostaglandins  (28) all of  t h e m  found  in 
different  quanti t ies in the milk of  the two species. They  could, however ,  
only  partially explain the divergent  bioavailabilities. 

Accord ing  to L6nnerda l  et al. (16) some  84 % of zinc is b o u n d  to casein in 
bovine  milk, where  the casein is the major  protein. Contrary  to this, the 
h u m a n  milk w h e y  protein  fraction, p redominan t  in this milk, binds more  
than  50 % of zinc. These  fractions - the casein(s) on the one hand  and the 
he te rogenous  group of  the w h e y  proteins on the other  hand  - are funda- 
menta l ly  different in their chemical  and physico-chemical  properties.  As a 
consequence ,  their  physiological  behaviour  in the gastrointest inal  tract  is 
l ikely to be dissimilar too. 

Above  all, differences in quali ty and quant i ty  of  proteolyt ic  b reak-down 
produc t s  genera ted  from either protein fraction dur ing  the gastrointesti-  
nal passage have to be considered.  Some of  these fragments ,  especially 
phosphopep t ide s  and  the amino acids histidine, cysteine and glutamic 
acid are potent ial  zinc b inding  l igands (12, 25) and may  thus  inf luence zinc 
bioavailability. The dis tr ibut ion of  zinc a m o n g  the b inding l igands is 
de te rmined  by the stability constants ,  by  the concent ra t ion  ratio be tween  
the  metal  and the different l igands and by  the pH value of  the m e d i u m  (24). 

Our investigations,  us ing rats in the pos tweaning  period, were  a imed to 
compare  the bioavailabili ty of  zinc f rom isolated casein and w h e y  protein. 
Because  we a s sumed  that  the dura t ion of  the contact  of  zinc with the 
intestinal  t issues is crucial  for zinc absorp t ion  (11), the s tudy was des igned 
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t o  s h o w  t h e  t i m e  c o u r s e  o f  t h e  g a s t r o i n t e s t i n a l  t r a n s i t  o f  c h y m e  a n d  zinc.  
A s  t h e  t w o  p r o t e i n s  w e r e  t h o u g h t  to  h a v e  d i f f e r e n t  e f f ec t s  o n  t h e  i n t r a g a s -  
t r i c  p H ,  w h i c h  in  t u r n  c o u l d  i n f l u e n c e  t h e  b i n d i n g  o f  z inc  to  p o t e n t i a l  
l i g a n d s  (2, 12), i n t r a g a s t r i c  p H  w a s  m e a s u r e d  in  a d d i t i o n .  

Materials and Methods 

The exper iments  were carried out  in 144 male Wistar rats (body weight 42 + 6.7 g). 
The weaned 23-25 day old animals were fed a s tock diet (Altromin 3014 pellets) with 
80 mg zinc per  kg which was withdrawn 2 hours before the beginning of the 
exper iment .  In  order  to avoid any influence from the circadian rhythm, each 
exper iment  was started at the same hour of day. 

The exper imenta l  l iquid diets contained 20 mg protein per  ml suspension and 
were prepared from isolated lyophil ized bovine milk casein (CasD) or whey protein 
(WpD), respectively. Both diets contained 27 ~g zinc per  ml. Zinc was radiolabeled 
adding 20 ~Ci 6SZn/ml diet (65ZnC12 in 0.i M HCI; Amersham Buchler, Braun- 
schweig). For radiolabeling of the chyme 20 ~g mcerium -~ 18 ~Ci (mCeCl3 in 0.1 M 
HCI; Amersham Buchler, Braunschwieg) was added per ml protein suspension, as a 
non-absorbable marker (19). The two hquid diets were identical in all components, 
except the nature of the protein. Their composition was as follows: lactose 4.9; 
citrate 0.07; Ca 0.4; Na 0.3 and K 0.02 mg/ml. 
Each animal was given by flexible gastric tube 0.5 ml of CasD or WpD (33 ~ 

respectively. The activity of e~Zn was determined immediately afterwards by whole 
body gamma-counter (reference: point-shaped 65Zn standard). Then, 15 and 30 
minutes, 1, 2, 6, 12 and 24 hours later, groups of 12 animals each were killed by a 
blow on the neck. After intubation, rats were kept separately in plastic metabolic 
cages. They had free access to the drinking water but were not fed. Immediately 
after killing, the stomach was removed and the pH was measured in the closed 
organ by inserting a pH microelectrode (d = 3 mm; type N 60, Schott, Mainz) 
through the pylorus according to Niemegger (21). 
The intestinal tract was removed as quickly as possible and cut into the following 

segments: duodenum (10 cm), jejunum (15 cm), ileum (rest of the small intestine), 
caecum, colon. Witht he exception of the caecum, the intestinal content was rinsed 
out using aqua bidest, radiolabeled with 5.7 ~g SICr -~ 1 mCi per l (Amersharn 
Buchler, Braunschweig). By adding the non-absorbable (6) Cr to the rinsing water 
the real net weight of the intestinal tissues could be estimated by subtracting the 
amount of adherent rinsing fluid calculated from the 5~Cr activity. 
The following data were registered: 

- chyme in stomach, intestinal segments and faeces, on the basis of percentage of 
intubated race; 

- "non-absorbed zinc" in the gastrointestinal contents and in faeces, as percentage 
of intubated 65Zn; 

- retained zinc in the intestinal tissue (duodenum, jejunum, ileum, colon), in the 
liver and in the carcass, as percentage of intubated ~Zn. 
For determination of dry weights, tissues were lyophilized. All radionuclides - 

6SZn, raCe and 5~Cr - were measured in a gamma-counter (LB MAG 510, Berthold, 
Wildbad). The energy-spectra of the three nuchdes were different enough to allow 
simultaneous determination. 

StatistJcai analysis 

Normal  dis tr ibut ion of the variables was tested by  program BMDP 5D-histogram 
and univariate  plots; outhers were el iminated by  the Nalimov test. Statist ical  
comparisons  were performed by  paired t-test (BMDP 3D). A p value of  less than 0.05 
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was considered to indicate a statist ically "significant" difference between the two 
mean  values. In  the present  exper imenta l  arrangement  neither  of the  groups could 
be considered as a "control  group". Thus, each group was compared  with the other. 

R e s u l t s  

Intragastric p H  and gastric emptying of  chyme and zinc 

A s  s h o w n  in  T a b l e  1, b o t h  30 a n d  60 m i n u t e s  a f t e r  i n t u b a t i o n  t h e  i n t r a g a s -  
t r i c  p H  v a l u e  o f  t h e  C a s D  g r o u p  w a s  s i g n i f i c a n t l y  l o w e r  t h a n  t h a t  o f  t h e  
W p D  g r o u p .  N o  d i f f e r e n c e s  w e r e  d e t e c t e d  a f t e r  15 m i n u t e s ,  o r  a f t e r  t w o  
h o u r s .  

F i g u r e  1 s h o w s  t h e  e m p t y i n g  p a t t e r n  f r o m  t h e  s t o m a c h  for  c h y m e  a n d  
fo r  zinc. T h e  p e r c e n t a g e  o f  i n t u b a t e d  p r o t e i n  - r a d i o l a b e l e d  w i t h  r a c e  - 
a n d  o f  z inc  - as  65Zn - s t i l l  p r e s e n t  in  t h e  s t o m a c h  is p l o t t e d  a g a i n s t  t h e  
t i m e  a f t e r  i n t u b a t i o n  o f  t h e  s u s p e n s i o n s .  I n  t h e  f i r s t  15 m i n u t e s ,  t h e  t h y m e  
f r o m  t h e  W p D  lef t  t h e  s t o m a c h  f a s t e r  t h a n  t h a t  f r o m  C a s D ;  a f t e r  15 
m i n u t e s  t h e  s t o m a c h  o f  t h e  C a s D  g r o u p  c o n t a i n e d  s i g n i f i c a n t l y  m o r e  
t h y m e  t h a n  t h a t  o f  t h e  W p D  g r o u p .  T h e  e m p t y i n g  o f  t h e  W p D  g r o u p  
f o l l o w e d  a n  e x p o n e n t i a l  f u n c t i o n ,  w h e r e a s  a t r i p h a s i c  e m p t y i n g  p a t t e r n  
w a s  f o u n d  w i t h  t h e  c a s e i n  d ie t .  A f t e r  t w o  h o u r s  a b o u t  90 % of  t h e  C a s D  
t h y m e  b u t  o n l y  75 % o f  t h e  W p D  c h y m e  h a d  le f t  t h e  s t o m a c h .  

A s  s h o w n  in  t h e  l o w e r  p a r t  o f  F i g u r e  1, t h e  g a s t r i c  e m p t y i n g  o f  z inc  w a s  
n o t  i d e n t i c a l  w i t h  t h a t  o f  t h e  c h y m e .  G e n e r a l l y ,  z inc  le f t  t h e  s t o m a c h  
e a r l i e r  t h a n  t h e  t h y m e ,  i n d i c a t i n g  a d i s i n t e g r a t i o n  o f  t h e  b o n d s  b e t w e e n  
t h e  m e t a l  a n d  t h e  t h y m e .  F o r  i n s t a n c e ,  30 m i n u t e s  a f t e r  i n t u b a t i o n  30 % o f  
t h e  z inc  f r o m  C a s D  a n d  a b o u t  38 % o f  t h a t  f r o m  t h e  W p D  w a s  f o u n d  in  t h e  

Table 1. Intragastr ic  pH measured  after intubat ion of casein suspension (CasD) and 
of whey protein  suspension (WpD) at different t ime intervals. 

Group Time after n*) pH**) 
in tubat ion 

CasD/0.25 15 rain 10 2.25 _+ 0.3 
CasD/0.5 30 rain 11 1.82 _+ 0.2 
CasD/1 1 h 10 1.80 _ 0.2 
CasD/2 2 h 11 2.09 + 0.3 
CasD/6 6 h 11 2.26 + 0.6 
CasD/12 12 h 10 2.08 _ 0.3 
CasD/24 24 h 10 2.57 _-+ 0.2 

WpD/0.25 15 rain 10 2.36 _+ 0.2 
WpD/0.5 30 min 10 2.21 _ 0.4 
WpD/1 1 h 11 2.30 + 0.5 
WpD/2 2 h 12 2.24 _ 0.4 
WpD/6 6 h 9 2.06 _ 0.3 
WpD/12 12 h 9 2.25 + 0.2 
WpD/24 24 h 6 2.13 + 0.3 

*) = number  of animals,  **) s _+ s. d. 
Differences significant (p < 0.05) between: CasD/0.5 and WpD/0.5, CasD/1 and WpD/1. 
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Fig. 1. Percentage of chyme (above) and zinc (below) in the stomach after intragas- 
tric intubation of casein (CasD) or whey protein (WpD). ~ + s.d.; *differences 
between Cas D and WpD significant at p -A_ 0.05. 

s tomach,  whereas  still some 60 % of the chyme  was present.  At  the 
beginning  of  the exper imenta l  period zinc f rom both  diets was empt ied  
more  rapidly than later. Zinc from the WpD left the s tomach  obeying an 
exponent ia l  function,  whereas  the empty ing  pat tern  of  Zinc f rom CasD 
was biphasic:  a rapid phase  lasting up to 30 minutes  was followed by a 
slow one. Almos t  all the zinc from the CasD but  only about  90 % of that  
f rom the WpD had left the s tomach  after two hours.  

Transit o f  c h y m e  and o f  z inc through the intest ine 

The transi t  t ime of bo th  t h y m e  and zinc t h rough  the d u o d e n u m  and 
j e j unum was short. Some  17-20 % of the protein and the zinc was detected 
in the  j e j unum 30 minutes  after intubation.  Two hours  after the onset  of 
the exper imen t  only traces of  either the protein or the zinc were found in 
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Fig. 2. Percentage of chyme (above) and zinc (below) in the ileal lumen after 
intragastric intubation of casein (CasD) or whey protein (WpD). :~ ___ s.d.; 
*differences between CasD and WpD significant at p _L 0.05. 

the je junal  lumen.  The  low concent ra t ion  of  zinc in the lumen  of  bo th  
proximal  segments  was partially due to the fast t ransmiss ion of c h y m e  
and zinc to the i leum and partially due to the absorpt ion of  some of  the 
zinc a l ready in the proximal  intestine. 

Considerable  port ions of  c h y m e  and of  zinc were retained in the i leum 
for m a n y  hours  (Figure 2). Abou t  45 % of the WpD chyme  was found in this 
segment  after 60-120 minutes.  After 6 hours  c h y m e  from both  diets was 
a lmost  entirely empt ied  f rom the ileum. 

Due  to the successive absorpt ion  of  zinc along the intestinal passage, a 
smaller  por t ion  of  65Zn than  of  141Ce was found in the i leum up to about  60 
minutes.  The highest  portion, about  35 % of the 65Zn given with the CasD, 
was present  at 60 minutes.  The ~ peak  (45 %) f rom the WpD was 
reached after 2 hours.  

The passage th rough  the caecum of c h y m e  and zinc from both  diets was 
slow. Even  24 hours  after in tubat ion we detec ted  8 % of the 65Zn from the 
WpD and 16 % from the CasD. At that  time, 55 % of the zinc from the CasD 
and 40 % from that  of  the WpD was recovered in the faeces. 
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Fig. 3. Percentage of zinc retained in different tissues and in the carcass after 
intragastric intubat ion of casein (CasD = white columns) or whey protein (WpD = 
hatched columns). ~ + s.d.; *differences between CasD and WpD significant at p L 
0.05. Cc = carcass, L = liver, D = duodenum, J = je junum,  I = ileum, C = colon. 

Z i n c  r e t en t i on  as a f u n c t i o n  o f  t ime  

F r o m  the  8SZn d e t e r m i n a t i o n  in  the  d u o d e n a l ,  j e j u n a l ,  i leal  a n d  co lon  
t i s sue  as we l l  as i n  the  l iver  a n d  in  the  ca rcass  the  p e r c e n t a g e  of  z inc  
r e t a i n e d  was  ca lcu la t ed .  D i s t r i b u t i o n  of a b s o r b e d  z inc  in  the  d i f f e r en t  
t i s sue s  a t  d i f f e r en t  t i m e s  is p r e s e n t e d  in  F i g u r e  3. A t  30, 60 a n d  120 m i n u t e s  
t he  l ive r  t i s s u e  of  t he  CasD g r o u p  c o n t a i n e d  s i g n i f i c a n t l y  m o r e  z inc  t h a n  
t h a t  of  t he  W p D  group .  Af te r  two  hours ,  h o w e v e r ,  d i f f e rences  c o u l d  n o  
l o n g e r  be  d e t e c t e d  a n y m o r e .  Af te r  24 h o u r s  s i gn i f i can t ly  m o r e  65Zn was  
r e t a i n e d  i n  t he  ca rcass  f r o m  the  W p D  t h a n  f rom the  CasD,  a fac t  w h i c h  
c o u l d  n o t  be  p r e d i c t e d  f r o m  the  da t a  f o u n d  in  the  sho r t e r  pe r iods .  
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Fig. 4. Total percentage of zinc retained after intragastric intubation of casein 
(CasD) or whey protein (WpD). :~ = s.d.; *differences between CasD and WpD 
significant at p L 0.05. 

The  tota l  of  6~Zn re ta ined  in all t i s sues  toge the r  is s h o w n  in F igure  4. 
Af ter  one  h o u r  no d i f ference  could  be  de tec ted  be tween  the  two diet  
groups .  Then,  2, 6 and  12 hour s  af ter  in tuba t ion  re ten t ion  f rom the CasD 
was  s ignif icant ly  h igher  than  tha t  f rom the WpD. After  24 hours  the  
s i tua t ion  had  changed ,  in tha t  re ten t ion  of  6~Zn was  n o w  signif icant ly  
h igher  in the  WpD group.  

D i s c u s s i o n  

C o m p a r e d  wi th  the  WpD group,  the  in t ragast r ic  p H  of  the  CasD g roup  
was  found  to be  s ignif icant ly  lower  30 and  60 minu te s  af ter  in tuba t ion  of  
the  diet. This  p h e n o m e n o n  m i g h t  be  due  to different  buffer ing  capaci t ies  
o f  the  two pro te in  fractions.  Accord ing  to the  t i t ra t ion curves  of  these  
pro te ins  (own expe r imen t s ,  unpub l i shed )  the  buf fe r ing  capac i ty  of  case in  
is h igher  than  tha t  of  w h e y  pro te in  in a pH- range  b e t w e e n  6.1 and  4.2, 
whi le  at lower  p H  va lues  it is less t han  tha t  of  the  w h e y  protein.  Due  to this  
fact, the  w h e y  p ro te in  is obv ious ly  able  to buf fer  m o r e  of  the  secre ted  HC1 
and  thus  to k e e p  the  initial p H  m e a s u r e d  af ter  15 minutes ,  whereas  casein  
is not. F u r t h e r m o r e ,  it has  to be  a s s u m e d  that  HC1 secre t ion is h igher  af ter  
in tuba t ion  of  casein  t han  af ter  in tuba t ion  of  w h e y  protein.  Our  exper i -  
m e n t s  carr ied  out  in suckl ing  rats  (1) also c o r r e s p o n d e d  wi th  this fact. The  
m e c h a n i s m  by  which  the  quant i ta t ive ly  di f ferent  acid ou tpu t  af ter  in tuba-  
t ion of  case in  and  of  w h e y  pro te in  was  control led  is not  clear. S imi lar  
resul ts  were  r epo r t ed  by  Berge r  et al. (3) who  found  an increased  gas t r in  
secre t ion  in bab ies  fed a casein  d o m i n a n t  mi lk  fo rmula  c o m p a r e d  to a 
w h e y  d o m i n a n t  one. The  s ignif icance  of  this f inding in connec t ion  wi th  
our  resul ts  r ema ins  to be  e lucidated.  

Accord ing  to George  and  L e b e n t h a l  (10) casein prec ip i ta tes  at low p H  
va lues  as c o m p a c t  curd.  Whey protein,  on the  o ther  hand,  prec ip i ta tes  wi th  
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a f locculent  s t ructure.  Therefore  in our  exper iments ,  the hard  casein curd  
was re ta ined in the p rox imal  s tomach,  as usual ly  found wi th  solid food, 
and  the w h e y  pro te in  left  the  s tomach  like a l iquid (15), indicat ing an effect  
due  to the k ind  of  pro te in  precipi tat ion.  This was also shown by CaveU (5) 
who  c ompa re d  the  gastric empty ing  of  h u m a n  milk  wi th  that  of  bovine  
mi lk  formula  in p re t e rm infants. 

F r o m  ei ther  prote in  suspens ion  zinc was empt ied  f rom the  s tomach  
dis t inct ly before  the  chyme,  indicat ing a dis integrat ion of the metal  pro- 
te in  complexes .  The  zinc empty ing  pa t te rn  found  with the WpD allows the 
conclus ions  that  zinc was homogeneous ly  d is t r ibuted  in an intragastr ic 
l iquid or semi-l iquid phase.  In  contrast ,  due  to the low pH (12), zinc 
s eemed  to be separa ted  f rom the casein immedia te ly  after  the in tuba t ion  
of the  CasD. A considerable  por t ion  of  the metal  might,  therefore,  leave 
the  s tomach  qu ick ly  with the liquid, fol lowed by  a second one wi th  the 
solids. This empty ing  pa t te rn  suppor t s  the v iew of  a very  i nhomogeneous  
intragastr ic  d is t r ibut ion  of zinc f rom the  casein diet. 

I t  can be a s sumed  that  the  intragastr ic events  of  this initial t ime per iod 
concern ing  the  first steps of  prote in  digestion, generat ion of  pro teogenic  
ligands, releasing and reb ind ing  of  the metal,  intragastr ic d is t r ibut ion of  
zinc and t ime-dependen t  course  of  empty ing  of  both  ligands and metal,  
could  be significant  for  the absorpt ive  processes  in the intes t ine  and 
finally for  the  availabili ty of  zinc f rom different  protein.  For  this reason 
fur ther  character iza t ion of  the initial intragastr ic events  appears  to be 
re levant  for the  unde r s t and ing  of the  d ivergent  availability of  zinc f rom 
casein and w h e y  protein.  This point  might  be of  interest  especial ly for  the  
young  infant  wi th  its immatu re  gastric function.  

In  ag reemen t  wi th  Curtis et al. (6), the  passage of  c h y m e  f rom bo th  the 
prote ins  t h rough  the p rox imal  segments ,  d u o d e n u m  and je junum,  was a 
rapid process.  Nevertheless ,  zinc was possibly absorbed  in these u p p e r  
parts  of  the intes t ine  already dur ing  the first 30 minutes  after  in tubat ion  of  
the  pro te in  suspensions.  This cor responds  to the results  obta ined by  
Methfessel  and Spence r  (18) in intact  rats as well as with in vivo l igated 
intest inal  sacs. Al though there  is no doub t  that  d u o d e n u m  and j e j u n u m  
have  a high zinc absorbing capaci ty  (26), in our  ex p e r im en t  the main  site of  
zinc absorp t ion  was the ileum, mainly  due  to the long per iod of  t ime 
dur ing  which  c h y m e  and zinc were  retained.  

The  accumula t ion  pa t te rn  of  c h y m e  and zinc in the i leum ref lected the  
empty ing  pa t te rn  f rom the  s tomach.  With the un i form clearance of  the 
WpD chyme,  a plateau was found  in the ileal lumen  60-120 minutes  af ter  
in tubat ion.  Almost  identical  behaviour  was found  for zinc f rom this diet. 
In contrast ,  the  fast gastric empty ing  of  the  CasD ch y m e  led to a sharp 
peak  in the i leum 2 hours  af ter  intubation.  The  long lasting contac t  of  zinc 
wi th  the  ileal epi thel ia  might  be the  most  impor tan t  among  the factors 
mak ing  the  i leum the main  absorbing site for  the  metal  (11). The luminal  
and surface pH in this segment ,  as well as the p resence  of eventual ly  
occurr ing  pro teogenic  zinc-binding ligands, could  p romote  z in c  absorp-  
t ion even  fur ther  (2). 

Accord ing  to Shaw (7) and Davies (27) zinc in variable amoun t s  is 
secre ted  into the intest inal  l umen  as early as one hour  af ter  adminis t ra-  
tion. In t ra luminal  zinc concent ra t ions  cannot  therefore  be cons idered  as 
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a n  e x a c t  c r i t e r i o n  for  t h e  e s t i m a t i o n  o f  z inc  a b s o r p t i o n  a n d  t h u s  for  z inc  
a v a i l a b i l i t y .  

R e t e n t i o n  s e e m s  to  b e  m o r e  a p p r o p r i a t e .  I n  t h i s  r e s p e c t ,  S a n d s t r S m  e t  
al.  h a v e  c h o s e n  t h e  l i v e r  as  a r e f e r e n c e  t i s s u e  (23). U s i n g  d i f f e r e n t  m i l k s ,  
t h e y  f o u n d  t h a t  z i nc  r e t e n t i o n  in  t h e  l i v e r  c o r r e l a t e s  h i g h l y  w i t h  t h e  t o t a l  o f  
z inc  r e t a i n e d ,  m e a s u r e d  b y  b a l a n c e  s t u d i e s ,  a n d  d e p e n d s  on  t h e  t y p e  o f  
m i l k  b e i n g  fed.  I n  o u r  e x p e r i m e n t s ,  w e  a l so  f o u n d  d i f f e r e n c e s  in  l i ve r  z inc  
r e t e n t i o n  d e p e n d i n g  o n  t h e  d i e t a r y  p r o t e i n .  H o w e v e r ,  w e  a d d i t i o n a l l y  s a w  
a n  e f f ec t  o f  t i m e .  T w o  h o u r s  a f t e r  t h e  f e e d i n g  s i g n i f i c a n t l y  m o r e  z inc  w a s  
r e t a i n e d  f r o m  t h e  C a s D  t h a n  f r o m  t h e  W p D .  A t  6 a n d  12 h o u r s  d i f f e r e n c e s  
w e r e  n o t  s i g n i f i c a n t  a n y  m o r e .  T h e n  a f t e r  24 h o u r s  z inc  r e t e n t i o n  w a s  
s i g n i f i c a n t l y  h i g h e r  f r o m  t h e  W p D  t h a n  t h e  CasD.  I t  c a n  t h e r e f o r e  b e  
c o n c l u d e d  t h a t  s h o r t - t e r m  e x p e r i m e n t s  a r e  n o t  a p p r o p r i a t e  to  t e s t  d i f fe-  
r e n t  p r o t e i n s  - o r  o t h e r  f o o d s  - fo r  t h e i r  e f f ec t s  on  z inc  a v a i l a b i l i t y .  N o  
d e f i n i t e  c o n c l u s i o n  c a n  b e  d r a w n  f r o m  l u m i n a l  z inc  d i s a p p e a r a n c e  e i the r .  
T h e r e f o r e ,  o n l y  l o n g - t e r m  e x p e r i m e n t s  m a y  b e  v a l i d  - a n d  h a v e  b e e n  
i n i t i a t e d  b y  u s  - to  j u d g e  t h e  q u a l i t y  o f  d i e t a r y  p r o t e i n s  w i t h  r e s p e c t  to  
t h e i r  e f f ec t  o n  t r a c e  e l e m e n t  a v a i l a b i l i t y .  As  o u r  r e s u l t s  m a y  s u g g e s t  t h a t  
p r e a b s o r p t i v e  p r o c e s s e s  s u b s t a n t i a l l y  i n f l u e n c e  z inc  a v a i l a b i l i t y  f r o m  p ro -  
t e i n s ,  w e  w i l l  r e p o r t  in  a f u r t h e r  p a p e r  o n  t h e  e a r l y  i n t r a g a s t r i c  e v e n t s  
f o l l o w i n g  i n t u b a t i o n  o f  z inc  w i t h  e i t h e r  c a s e i n  or  w h e y  p r o t e i n .  
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