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ABSTRACT 

This paper suggests that recommended zinc intake for the 0-6 
months abe group is grossly overestimated and imposslble to 
a c h i e v e  by  w h o l l y  b r e a s t - f e d  i n f a n t s .  T h i s  d i s c r e p a n c y  may be  
e x p l a i n e d  by  t h e  h i g h  z i n c  c o n c e n t r a t i o n s  i n  human m i l k  
considered by the National Research Council to establish the 
present RDA. An alternative approach based on absorbed amounts 
of zinc required is proposed. This method appears to be closer 
to the real needs of young infants; thus, for the first three 
months, 0.64 mglday and for the second three months, 0.90 
mg/day would he required to meet the proposed absorbed zinc 
needs. 
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INTRODUCTION 

Z i n c  i s  known t o  be  e s s e n t i a l  i n  human and  a n i m a l  n u t r i t i o n  and  i s  a 
componen t  o f  s e v e r a l  enzymes i n v o l v e d  i n  i m p o r t a n t  s t e p s  o f  n u c l e i c  a c i d  and  
p r o t e i n  s y n t h e s i s  ( 1 , 2 ) .  R a p i d l y  g r o w i n g  young i n f a n t s  a r e  more v u l n e r a b l e  
t o  z i n c  d e f i c i e n c y  s i n c e  g r o w t h  i s  a s s o c i a t e d  w i t h  h i g h  r a t e s  o f  n u c l e i c  
a c i d s  and  p r o t e i n  t u r n o v e r .  KnowledBe o f  how t o  s e t  t h e  Reconuuended D i e t a r y  
A l l o w a n c e s  (RDA) f o r  t h i s  age  Broup becomes  o f  c r i t i c a l  i m p o r t a n c e ,  
especially in the evaluation of dietary data and in the formulation of infant 
foods. 

The v a l u e  s u g g e s t e d  by  t h e  N a t i o n a l  R e s e a r c h  C o u n c i l  i n  1980 
c o n s i d e r e d  human m i l k  as  t h e  r e f e r e n c e  s t a n d a r d .  NRC c o n s i d e r e d  a z i n c  
c o n c e n t r a t i o n  i n  human m i l k  r a n g i n g  f rom 2 t o  5 m g / l ,  r e s u l t i n g  i n  a d a i l y  
s u p p l y  o f  2 mg o r  more  p e r  day  o f  z i n c  w i t h  a h i g h  a v a i l a b i l i t y .  I n  
c o n s e q u e n c e ,  t h e  r e c o m m e n d a t i o n  was s e t  a t  3 m g / d a y  ( 3 ) .  

However ,  f u r t h e r  s t u d i e s  on t h e  c h e m i c a l  c o m p o s i t i o n  o f  m a t u r e  human 
m i l k  show v a l u e s  much l o w e r  t h a n  t h o s e  c o n s i d e r e d  by  NRC. T a b l e  1 p r e s e n t s  
v a l u e s  t a k e n  f rom d i f f e r e n t  c o u n t r i e s  a t  v a r i o u s  s t a g e s  o f  l a c t a t i o n  ( 4 - 9 ) .  
D u r i n g  t h e  f i r s t  3 m o n t h s ,  v a l u e s  r a n g e  f rom 1 . 1  t o  2 .65  m g / l  w i t h  a mean 
a v e r a g e  o f  1 . 9 2  n ~ / l .  I n  t h e  s e c o n d  3 m o n t h s ,  v a l u e s  a r e  s i g n i f i c a n t l y  
l o w e r ,  r a n g i n g  f rom 0 . 4 9  t o  0 . 9 5  n ~ / l  w i t h  a mean a v e r a g e  o f  0 . 7 8  mg/1 .  I n  
c o n t r a s t ,  v a l u e s  h i g h e r  t h a n  3 m g / l  a r e  conuuonly s e e n  i n  c o l o s t r u m  o r  d u r i n g  
the first three weeks of lactation, but not later (6). 

D a t a  on m i l k  o u t p u t  i n  w e l l - n o u r i s h e d  p o p u l a t i o n s  show wide  
v a r i a t i o n s .  V a l u e s  r e p o r t e d  i n  t h e  l i t e r a t u r e  and c o m p i l e d  by  J e l l i f f e  i n  an  
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e x t e n s i v e  r e v i e w ,  g i v e  a mean a v e r a g e  o f  638 ,  685 and  719 m g / d a y  i n  t h e  
f i r s t ,  s e c o n d  and t h i r d  m o n t h s ,  r e s p e c t i v e l y ,  i n  Swed i sh  and  A m e r i c a n  women 
( 1 0 ) .  I f  t h e s e  vo lumes  and  t h e  z i n c  c o n t e n t  by s t a g e  o f  l a c t a t i o n  a r e  u s e d  
t o  c a l c u l a t e  d a i l y  z i n c  s u p p l y ,  v a l u e s  r a n g e  f rom 1 . 1 0  t o  1 . 5 6  m s / d a y  (mean ,  
1 . 3  m s / d a y ) .  I f  t h e  c l a s s i c a l  850 m l / d a y  o f  m i l k  p r o d u c t i o n  i s  u s e d  
i n s t e a d ,  t h e  r e s u l t  i s  1 . 6  m s / d a y  and n o t  "2 ms o r  m o r e " .  T h i s  d i s c r e p a n c y  
i s  much more e v i d e n t  f o r  t h e  s e c o n d  3 m o n t h s ,  i n  w h i c h  d a i l y  s u p p l y  i s  o n l y  
0 . 6  m s / d a y  ( c o n s i d e r i n g  771 m l / d a y  o f  m i l k  o u t p u t )  o r  0 . 6 6  m g / d a y  
( c o n s i d e r i n g  850 m l / d a y ) .  

TABLE 1 
Zinc Content in Human Milk (m$/l) 

at Various Stages of Lactation in Different Countries 

Mean 
Stage of USA Chile Finland USA USA Finland Zinc 
Lactation (4) (5) (6) (7) (8) (9) m8/l 

Total 
Mean Daily Zinc 

Milk Volume* Supply 
(ml) mg/day 

4 2.2 2.65 2.5 2.45 638 1.56 
8 2.2 1.66 1.3 2.04 1.63 1.89 1.79 685 1.23 

12 1.9 1.60 1.1 1.53 719 1.10 
14-16 0.95 
20-22 0.75 0.78 771 0.60 
23-25 0.49 0.93 

* D e r i v e d  f rom d a t a  c o m p i l e d  by  J e l l i f f e  ( 1 0 ) .  

T h i s  a n a l y s i s  s u g g e s t s  t h a t  t h e  z i n c  c o n t e n t  o f  human m i l k  u s e d  by NRC 
t o  e s t a b l i s h  t h e  r e c o m m e n d a t i o n  was t o o  h i g h  and  c o n s e q u e n t l y ,  t h e  RDA may 
o v e r e s t i m a t e  z i n c  n e e d s .  

W h i l e  some o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e  RDA m i g h t  o v e r e s t i m a t e  
n e e d s ,  o t h e r s  s u g g e s t  t h e  i n v e r s e .  Hambidge r e p o r t e d  t h a t  s i x - m o n t h  o l d  
b a b i e s  f e d  a cow m i l k  f o r m u l a  c o n t a i n i n g  5 . 8  m$/1 o f  z i n c  ( w h i c h  m e e t s  o r  
e x c e e d s  t h e  RDA o f  3 mg /day )  had  l o w e r  s e rum z i n c  l e v e l s  t h a n  t h e  b r e a s t - f e d  
g r o u p  ( 1 1 ) .  P e r h a p s  t h e  s o u r c e  o f  t h e s e  d i s c r e p a n c i e s  i s  t h e  u s e  o f  a s i n g l e  
RDA v a l u e  f o r  t h e  f i r s t  6 m o n t h s  o f  l i f e ,  a p e r i o d  when many i m p o r t a n t  
p h y s i o l o g i c a l  c h a n g e s  o c c u r .  I t  seems more r e a s o n a b l e  t o  c o n s i d e r  a v a l u e  
f o r  t h e  f i r s t  and  a n o t h e r  f o r  t h e  s e c o n d  3 m o n t h s .  I n  a d d i t i o n ,  t h e  
e v a l u a t i o n  o f  z i n c  a d e q u a c y  s h o u l d  c o n s i d e r  t h e  amount  a b s o r b e d  i n  o r d e r  t o  
c o r r e c t  i n t a k e  f o r  t h e  d i f f e r e n c e s  i n  z i n c  b i o a v a i l a b i l i t y .  T h i s  i s  t h e  
c r i t e r i o n  p r o p o s e d  by t h e  WHO E x p e r t  Commi t t ee  i n  i t s  r e p o r t  ( 1 2 ) ;  t h e y  
recommend f o r  t h e  0 - 4  month  p e r i o d ,  an a b s o r b e d  z i n c  o f  1 . 2 5  mg/day  be  
o b t a i n e d  u s i n g  a f a c t o r i a l  a p p r o a c h .  T h i s  v a l u e ,  h o w e v e r ,  seems t o  be  t o o  
h i g h ,  s i n c e  i f  we p e r f o r m  a s i m i l a r  a n a l y s i s  as  done  i n  r e l a t i o n  t o  t h e  
NRC/RDA, we c o n c l u d e  t h a t  human m i l k  c a n n o t  r e a c h  t h e  a b s o r b e d  z i n c  v a l u e  
s u g g e s t e d  by WHO. T h i s  r e c o m m e n d a t i o n  c o u l d  be  met  o n l y  i f  z i n c  a b s o r p t i o n  
i s  96% o r  g r e a t e r ,  c o n s i d e r i n g  t h e  1 . 3  u g / d a y  s u p p l i e d  by b r e a s t  m i l k  d u r i n g  
the first 3 months. 

So lomons ,  i n  a r e c e n t  r e v i e w  ( a n d  a p p a r e n t l y  b a s e d  on v a l u e s  r e p o r t e d  
by  t h e  E x p e r t  P a n e l  o f  t h e  A m e r i c a n  M e d i c a l  A s s o c i a t i o n  on t r a c e  e l e m e n t  
p r e p a r a t i o n s  f o r  p a r e n t e r a l  u s e )  i n d i c a t e s  t h e  amount s  o f  p a r e n t e r a l  z i n c  
r e q u i r e d  t o  m a i n t a i n  n o r m a l  b a l a n c e  i n  h e a l t h y  i n d i v i d u a l s .  Fo r  f u l l - t e r m  
i n f a n t s  d u r i n g  t h e  f i r s t  y e a r  o f  l i f e ,  t h e  q u a n t i t y  s u g g e s t e d  i s  100 ~ g / K g  
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BW/day ( 1 3 , 1 4 ) .  I t  i s  n o t  c l e a r ,  h o w e v e r ,  i f  t h i s  v a l u e  was o b t a i n e d  
c o n s i d e r i n g  z i n c  s w e a t  l o s s e s ,  w h i c h  h a v e  b e e n  s u g g e s t e d  t o  make an i m p o r t a n t  
c o n t r i b u t i o n  t o  t h e  r e q u i r e m e n t  ( 1 2 ) .  N e v e r t h e l e s s ,  J a c o b  and  c o - w o r k e r s  
s t u d y i n g  s w e a t  z i n c  l o s t  by  a d u l t s  l i v i n g  i n  a c o m f o r t a b l e  e n v i r o n m e n t  
( m e a s u r e d  t h r o u g h  t o t a l  body  s w e a t  c o l l e c t i o n ) ,  i n d i c a t e  t h a t  t h e  z i n c  l o s t  
in this way represents 3.9% of the dietary intake. Similar results were 
reported by Harrison et al, who found that sweat zinc loss represents only 27o 
of the total zinc intake in preadolescents (15, 16). Therefore, if the 
100 ~g/Kg figure does not consider the sweat zinc lost, the error introduced 
i s  p r o b a b l y  m i n i m a l .  

As an a t t e m p t  t o  p r o v i d e  a more r e a l i s t i c  a p p r o a c h  t o  s e t t i n g  z i n c  
r e c o m m e n d a t i o n s  f o r  t h e  f i r s t  s e m e s t e r ,  t h e  f o l l o w i n g  m e t h o d o l o g y  i s  p r o p o s e d :  

C o n s i d e r i n g  an a b s o r b e d  z i n c  need  o f  100 ~g/Kg and  u s i n g  t h e  5 0 t h  
p e r c e n t i l e  o f  WHO g r o w t h  c h a r t s  ( 1 7 ) ,  i t  i s  p o s s i b l e  t o  c a l c u l a t e  t h e  t o t a l  
amount  r e q u i r e d  ( T a b l e  2 ) .  T h u s ,  a t e n t a t i v e  r e c o m m e n d a t i o n  would  be  
0 . 6 4  m g / d a y  f o r  t h e  f i r s t  3 m o n t h s  and  0 . 9 0  m s / d a y  f o r  t h e  s e c o n d  3 m o n t h s ,  
r e s p e c t i v e l y ,  as  a b s o r b e d  z i n c .  

TABLE 2 
T o t a l  Recommended D a i l y  A b s o r b e d  Z i n c  A l l o w a n c e s  

D u r i n g  t h e  F i r s t  S i x  Months  o f  L i f e  ( rag /day)  

Girls Boys Both Sexes 
Month Requirement * RDAA ~* Requirement ~ RDAA ** RDAA *~ 

1 0.40 0.43 
2 0.47 0.61 0.52 
3 O. 54 O. 60 

4 0.60 0.67 
5 0.67 0.86 0.73 
6 0.72 0.78 

0.67 0.64 

0.94 0.90 

Based  on mean w e i g h t  f o r  g i v e n  age  x 100 p g / K g / d a y  a b s o r b e d  z i n c  n e e d .  
** RDAA = Recommended d a i l y  a b s o r b e d  a l l o w a n c e s  f o r  z i n c  b a s e d  on mean 

r e q u i r e m e n t  p l u s  30~ ( a s s u m i n g  a 15% c o e f f i c i e n t  v a r i a t i o n  i n  
r e q u i r e m e n t ) .  

Z i n c  i n  human m i l k  i s  a b s o r b e d  a t  r a t e s  f rom 41 t o  59% i n  s t u d i e s  i n  
humans and a n i m a l s  (18 ,  1 9 ) .  I f  t h e s e  v a l u e s  a r e  a p p l i e d  t o  z i n c  s u p p l y  d a t a  
d u r i n g  t h e  f i r s t  3 m o n t h s  t o  c h e c k  i f  t h e y  m e e t  t h e  p r o p o s e d  t h e o r e t i c a l  
r e c o m m e n d a t i o n ,  we o b s e r v e  t h a t  1 . 3  m$ o f  z i n c  s u p p l i e d  d a i l y  r e p r e s e n t s  83 
t o  120% o f  t h i s  R D A A .  T h i s  l e n d s  s u p p o r t  t o  t h e  a b o v e  m e n t i o n e d  
r e c o m m e n d a t i o n .  D u r i n g  t h e  s e c o n d  3 m o n t h s ,  t h i s  a p p r o a c h  l e a d s  t o  l e s s  
c o n c l u s i v e  r e s u l t s .  A d a i l y  i n t a k e  o f  0 . 6  m g / d a y  a p p e a r s  t o  be  c l e a r l y  
i n a d e q u a t e .  However ,  Hambidge h a s  f o u n d  i n  b r e a s t - f e d  i n f a n t s  aged  6 m o n t h s ,  
se rum and  h a i r  l e v e l s  s i m i l a r  t o  t h o s e  o f  young a d u l t s ,  s u g g e s t i n g  an  
a d e q u a t e  z i n c  i n t a k e  d e r i v e d  f rom human m i l k  ( 1 1 ) .  

I n  suuuuary, t h i s  p a p e r  i n d i c a t e s  t h a t  t r a d i t i o n a l l y  c o n s i d e r e d  z i n c  
content values in human milk are too high, and that recommendations for zinc 
intake during the first 6 months are also overestimated. The present Intake 
r e c o m m e n d a t i o n s  f o r  z i n c  a r e  i m p o s s i b l e  t o  a c h i e v e  by e x c l u s i v e l y  b r e a s t - f e d  
i n f a n t s  d u r i n g  t h e  f i r s t  6 m o n t h s  o f  l i f e .  T h e r e f o r e ,  i t  i s  n e c e s s a r y  t o  
r e - e v a l u a t e  t h e  c r i t e r i a  and  c o n s i d e r a t i o n s  u s e d  i n  t h e i r  f o r m u l a t i o n s .  A 
more r e a l i s t i c  a p p r o a c h  i s  p r o p o s e d  wh ich  recommends amount s  t o  be  a b s o r b e d  
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r a t h e r  t h a n  i n g e s t e d .  I n  c o n s e q u e n c e ,  more i n f o r m a t i o n  on b i o a v a i l a b i l i t y  o f  
z i n c  i n  d i f f e r e n t  i n f a n t  f o o d s  i s  b a d l y  n e e d e d .  
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