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INTRODUCTION

I t  i s  w e ll  e s t a b l i s h e d  t h a t  man and a l l  domestic an im als  r e q u i r e  

t r a c e  m in e ra ls  i n  t h e i r  d i e t  f o r  o v e r a l l  w e l l  being and op tim al perfo rm ­

ance . The a d d i t io n  o f  t r a c e  m in e ra l  s o u rc e s  to  the  d i e t s  of dom estic  

an im als  i s  a f a m i l i a r  p r a c t i c e  to  th e  n u t r i t i o n i s t ,  anim al s c i e n t i s t  and 

f e e d e r .  N e v e r th e le s s ,  c a r e  m ust be ta k en  when choosing th e  so u rces  f o r  

a t r a c e  m inera l m ix tu re .  C e r t a in  m in era l  s a l t s  a re  c h e m ic a l ly  incom­

p a t i b l e ,  some a r e  p o o r ly  a v a i l a b l e  to  th e  animal and some a r e  u n s t a b l e  

in  a feed  m ix tu re .  In  th e  l a t t e r  case  t h e  m inera l  element r e l e a s e d  from 

th e  u n s ta b le  compound i s  d e s t r u c t i v e  to  v i ta m in s ,  a n t i b i o t i c s  and o th e r  

feed a d d i t i v e s  p r e s e n t  i n  th e  d i e t . A nother im portan t c o n s id e r a t io n  in  

th e  ch o ice  o f  m in e ra l  sou rces  i s  i t s  s o l u b i l i t y  in  an a l k a l i n e  e n v i ro n ­

ment. I t  i s  n e c e s s a ry  t h a t  th e  m eta l io n  d i s s o c i a t e  in  th e  g a s t r o ­

i n t e s t i n a l  t r a c t  p r i o r  to  a b s o r p t i o n .  Once th e  m in era l  elem ents a r e  

r e l e a s e d  from t h e i r  o r i g i n a l  c a r r i e r ,  th e y  a r e  in  a h ig h ly  r e a c t i v e  

s t a t e  and a r e  s u b je c t  to  l o s s e s  b e fo re  a b s o rp t io n .  These lo s s e s  a r e  due 

in  p a r t  to  th e  b in d in g  o f  th e  e lem en ts  t o  e l e c t r o n e g a t iv e  s i t e s  on c e r ­

t a i n  o rgan ic  compounds forming a r e l a t i v e l y  la rg e  r in g  s t r u c t u r e  o r  

" c h e l a t e . "  An example i s  th e  b in d in g  o f  z in c  atoms w ith  p h y tic  a c i d ,  a 

n a t u r a l l y  o c c u r r in g  c h e l a t i n g  a g e n t ,  which forms a z in c -p h y t ic  a c id  

c h e l a t e .  The element in  t h i s  c h e l a te d  form cannot be absorbed  by th e  

i n t e s t i n a l  w a ll  and i s  l o s t  t o  m etabo lism . To c o u n te ra c t  t h i s  e f f e c t ,  

th e  n u t r i t i o n i s t  adds an e x c e s s  of m in e ra ls  to  the  d i e t  t o  in s u r e  t h a t  

some w i l l  escape complexing and  th u s  be absorbed . However, a l l  m e ta l  

c h e l a t e s  do no t j e o p a rd iz e  th e  e le m e n t 's  a b s o rp t io n .

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .

 
 
 
 

 
 
 

PREVIE
W



R ece n tly  n u t r i t i o n i s t s  have found th a t  c e r t a i n  s y n th e t i c  c h e la t in g  

agen ts  such as  e th y len ed iam in e  t e t r a a c e t i c  a c id  (EDTA) added to  th e  d ie t  

competes w i th  th e  n a t u r a l  o c c u r r in g  c h e l a t i n g  a g e n t s ,  such a s  ph y tic  

a c id ,  f o r  th e  m e ta l i o n .  The metal-EDTA c h e l a te  r e l e a s e s  t h e  element a t  

th e  i n t e s t i n a l  w a ll  o r  i n  some c a s e s  th e  whole complex i s  ab so rb ed .  In  

e i t h e r  in s t a n c e  th e  m in e ra l  i s  made a v a i l a b l e  to  th e  an im al.

I t  was th e  pu rpose  o f  th e  re s e a rc h  re p o r te d  h e r e i n  to  de term ine  

the  e f f e c t  o f  c h e l a t i o n  on th e  u t i l i z a t i o n  o f  c e r t a i n  t r a c e  e lem ents  by 

ch icks  and p a r t i c u l a r l y  g ro w in g - f in is h in g  swine s in c e  l i t t l e  r e s e a rc h  

has been re p o r te d  i n  t h i s  a r e a .
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REVIEW OF LITERATURE

C h e la te s  have been used w ith  success in  a g r i c u l t u r e  fo r  many 

y e a r s  to  enhance th e  a b s o rp t io n  of t r a c e  m in e ra ls  by p l a n t s  from th e  

s o i l  (W allace , 1962) . As o f  l a t e ,  animal n u t r i t i o n i s t s  have become 

i n t e r e s t e d  i n  th e  use  of c h e l a t i n g  ag en ts  to  enhance th e  ab so rp t io n  o f  

t r a c e  m in e ra l s ,  p a r t i c u l a r l y  z inc  (Zn), by th e  c h ic k  and o th e r  domestic 

anim als  ( S c o t t ,  1965) .

Chem istry

Before su rvey ing  th e  l i t e r a t u r e  on th e  e f f e c t s  and use of c h e l a t ­

in g  ag en ts  in  animal n u t r i t i o n ,  i t  i s  o f  i n t e r e s t ,  f i r s t  to  review some 

b a s ic  concep ts  about c h e l a t i o n .

Many compounds in  n a tu re  a r e  " look ing"  f o r  a c a t i o n  (an element 

w i th  a d e f ic ie n c y  o f  e l e c t r o n s )  w i th  which i t  can sh a re  i t s  e l e c t r o n s ,  

th e re b y  forming a s t a b l e  compound. One of th e  p r o p e r t i e s  o f  a v a r i e ty  

o f  o rgan ic  m olecu les  i s  th e  a b i l i t y  to  form i n t e r n a l  complexes w ith  

m e ta ls .  Thus, c h e l a t e s  a r e  c y c l i c  compounds in  which a m e ta l  i s  jo in e d  

to  a m olecule  by two o r  more of i t s  donor groups (M a r te l l  and C a lv in ,  

1952). Not r e s t r i c t e d  in  i t s  fo rm ation  to  th e  h ig h  energy cova len t 

bonding which no rm ally  b inds  atoms to g e th e r  to  form co n v en t io n a l  mole­

c u l e s ,  a m e ta l c h e l a t e  i s  formed a s  a r in g  s t r u c t u r e  produced by 

a t t r a c t i o n  between t h e  p o s i t i v e l y  charged c a t io n s  and two o r  more s i t e s  

o f  h igh  e l e c t r o n e g a t i v i t y  in  a chem ical compound. The bonds a re  known 

as  " c o o rd in a te "  bonds and occur because  o f  p e c u l a r i t i e s  i n  th e  e l e c t r o n  

s h e l l s  of th e  t r a n s i t i o n  m e ta l s .  The chemical compounds t h a t  complex 

w ith  th e  m e ta l io n s  a r e  known as  l ig a n d s .  The most common e le c t ro n
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don a tin g  o r  e l e c t ro n  s h a r in g  atoms in  l ig an d  m o lecu le s  a r e  n i t r o g e n ,  

oxygen and s u l f u r  (S c o t t  e t_ a l . . ,  1969). In  th e  c o o rd in a te  bond, e l e c ­

t ro n s  a r e  fu rn ish ed  by th e  complex forming l ig a n d  and i f  t h e  l igand  

m olcule  c o n ta in s  on ly  two e l e c t r o n  dona ting  g ro u p s ,  i t  i s  c a l l e d  a 

b id e n ta te  and only  a s in g l e  r in g  can be formed; I f  i t  c o n t a in s  th re e  

g roups ,  i t  i s  a t r i d e n t a t e  and two in t e r lo c k i n g  r i n g s  can  be formed i f  

p roper  s p a c ia l  o r i e n t a t i o n  i s  o b ta in e d .  In  some " p o ly d e n ta te "  s t r u c ­

t u r e s ,  such as p o rp h y r in s ,  many in t e r lo c k i n g  r in g  system s may be formed 

and th e  r e s u l t i n g  s t r u c t u r e  has amazing s t a b i l i t y  ( B a i l a r ,  1971) .

The two most im portan t  d e te rm in a n ts  o f  th e  fo rm a t io n  of a complex 

a re  th e  pH of th e  s o lu t io n  which de te rm ines  th e  amount o f  io n i z a t i o n  of 

th e  l ig a n d  and th e  s t a b i l i t y  c o n s ta n t  which e x p re s se s  th e  t e n a c i t y  of 

th e  p a r t i c u l a r  bonds in  th e  complex. The e f f e c t  o f  pH on th e  compara­

t i v e  e f f i c i e n c y  o f  l ig a n d s  i s  c o n s id e r a b le .  I f  a t  a g iven  pH v a lu e ,  two 

l ig a n d s  a re  eq u a l ly  w e ll  io n i z e d ,  t h e i r  success i n  com peting fo r  t r a c e s  

o f  m e ta l ions  a t  t h a t  pH would be p r o p o r t io n a l  t o  t h e i r  s t a b i l i t y  con­

s t a n t  a lo n e .  However, i t  i s  o f te n  th e  c a se  t h a t  th e  deg ree  o f  io n i z a t i o n  

o f  two m olecu la r  sp e c ie s  i s  q u i t e  d i f f e r e n t  a t  a g iv en  pH. Thus, a t  

pH 7 .3  th e  amount o f  an ion  ( th e  c h e l a t i n g  form) v a r i e s  from 0.047o fo r

p r o l i n e  to  2.457o f o r  a s p a ra g in e ,  o r  60 f o ld .  A sp a rag in e  w i l l  compete
| -| |

w ith  p ro l in e  f i v e  t im es  as  s u c c e s s f u l ly  f o r  Fe and seven tim es  as
| I

s u c c e s s f u l ly  f o r  Mn a t  t h a t  pH.

The a f f i n i t y  o f  a c h e l a t e  f o r  a m e ta l may a l s o  be expressed  quan­

t i t a t i v e l y  as  a s t a b i l i t y  c o n s t a n t .  C ons id e r in g  a g e n e r a l  i n t e r a c t i o n  

between a c h e l a t i n g  agen t (A) and a c a t io n  (M), i t  may be exp ressed :
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5

M + XA = MAx

The e q u i l ib r iu m  c o n s ta n t  K f o r  t h i s  r e a c t i o n  i s  expressed  m a th e m a tic a l ly  

as fo l lo w s  where th e  f i g u r e s  i n  p a re n th e s e s  a re  f o r  a c t i v i t i e s  o f  the  

r e s p e c t iv e  io n s :

K = (MAx) 
(M) (A)x

However, th e  a c t i v i t i e s  of th e  c h e l a t i n g  io n s  a r e  very  d i f f i c u l t  to  

measure and m olar c o n c e n t r a t io n s  a r e  s u b s t i t u t e d  fo r  a c t i v i t i e s  under 

th e s e  c o n d i t io n s ;  an ap p a re n t  fo rm a tio n  c o n s ta n t  i s  used in s t e a d  of 

e q u i l ib r iu m  c o n s ta n t s ,  i . e . ,

Kf  = (MAx)
(M) (A)x

The log o f  i s  equal to  th e  s t a b i l i t y  c o n s t a n t .

The s t a b i l i t y  c o n s ta n t  r e p r e s e n t s  th e  number of moles o f  c h e la te d  

m e ta l ion  in  r e l a t i o n  to  th e  p roduc t o f  t h e  number o f  moles m e ta l  io n  

and l ig a n d  rem ain ing  in  th e  f r e e  s t a t e  i n  th e  system (Chenoweth, 1956).

The m etal io n  having a h ig h e r  s t a b i l i t y  c o n s ta n t  t h e o r e t i c a l l y  

can r e p la c e  a m e ta l io n  o f  lower s t a b i l i t y  c o n s ta n t  in  a c h e l a t e ,  or a t  

l e a s t  c h e l a t e s  w ith  th e  h ig h e r  s t a b i l i t y  c o n s ta n t  w i l l  be formed b e fo re  

t h a t  o f  a lower s t a b i l i t y  c o n s t a n t .  The s y n th e t i c  c h e l a t i n g  agen t EDTA 

has  a ve ry  high s t a b i l i t y  c o n s ta n t  w i th  most o f  th e  e s s e n t i a l  t r a c e  

m in e r a l s .  EDTA when p r e s e n t  in  a system in  adequa te  c o n c e n t r a t i o n ,  w i l l  

p ic k  up a l l  of th e  p o ly v a le n t  t r a n s i t i o n  c a t i o n s  even in  c o m p e ti t io n  

w ith  most o th e r  c h e l a t i n g  a g e n ts  ( S c o t t ,  1965).

The number o f  e l e c t r o n  p a i r s  t h a t  th e  same m e ta l ion  can  acc ep t  

i n  th e  fo rm ation  o f  a c o o rd in a t io n  complex i s  c a l l e d  th e  c o o rd in a t io n
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number o f  th e  io n ;  i t  de te rm ines  t h e  number of m olecu les  o r  io n s  o f  

complexing a g e n ts  t h a t  w i l l  be bound to  t h e  m e ta l  i o n .  C oo rd ina te  

number o f  m e ta l s  a r e  u s u a l ly  s i x ,  sometimes fo u r  and o c c a s io n a l ly  two o r  

even e i g h t  (Chenoweth, 1956).

One must keep i n  mind t h a t  s t a b i l i t y  c o n s ta n t s  c i t e d  i n  th e  

l i t e r a t u r e  a r e  maximum v a lu es  and many c h e l a t i n g  a g e n ts  a r e  de te rm in ed  

under w e ll  d e f in e d  i n  v i t r o  c o n d i t io n s  a t  d e f i n i t e  optimum pH v a lu e s  and 

io n i c  c o n c e n t r a t i o n s .  These c o n d i t io n s  a r e  r a r e l y  encountered  in  an 

i n t a c t  an im a l .  Severn et. a l . (1960) p o in te d  out t h a t  t h e  in  v ivo  s t a ­

b i l i t y  o f  a m eta l c h e l a t e  may be in f lu e n c e d  by i t s  in h e re n t  s t a b i l i t y  

( i n d i c a t e d  by i t s  e q u i l ib r iu m  c o n s t a n t ,  K) , t h e  c o m p e t i t io n  o f  body 

c a t io n s  f o r  t h e  c h e l a t i n g  a g e n t ,  pH and th e  tendency  of the  m e ta l  to  

form i n s o l u b l e  h y d ro x id e s ,  th e  d i s t r i b u t i o n  and m etabolism  o f  th e  c h e l a t e  

and th e  c o m p e t i t io n  o f  p h y s io lo g ic a l  com plexing r a d i c a l s  f o r  th e  m e ta l  

i o n .  F u r th e r  t h e  in  v ivo  d i s t r i b u t i o n  o f  a c h e l a t e  may have an in f lu e n c e  

on i t s  s t a b i l i t y ,  s in c e  compounds w id e ly  d i s t r i b u t e d  in  many body com­

p a r tm en ts  may be exposed to  g r e a t e r  p h y s io lo g i c a l  c o m p e t i t io n .

S c o t t  (1965) suggested  t h a t  c h e l a t e s  w hich in f lu e n c e  b i o l o g i c a l  

system s can  be c l a s s i f i e d  i n t o  t h r e e  g roups i n  accordance  w ith  th e  fu n c ­

t i o n  se rved  by th e  c h e l a t e .  S c o t t ' s  c l a s s i f i c a t i o n  i s  as fo l lo w s :  1) 

C h e la te s  t h a t  se rve  t o  t r a n s p o r t  and s t o r e  m e ta l  io n s .  In  th e s e  c h e l a t e s  

th e  m e ta l  h as  no fu n c t io n  o f  i t s  own, i t  does n o t  modify t h e  p r o p e r t i e s  

o f  th e  c h e l a t i n g  agen t but does r e q u i r e  an ag en t o f  such chem ica l and 

p h y s ic a l  p r o p e r t i e s  t h a t  th e  c h e l a t e  i s  c a p a b le  o f  being abso rbed ,  

t r a n s p o r t e d  i n  th e  b loodstream  and p a s s in g  a c ro s s  c e l l  membranes to
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d e p o s i t  t h e  m e ta l  ion  where i t  i s  n eeded ; 2) C h e la te s  e s s e n t i a l  in  

m e tabo lism . In  t h i s  ty p e  th e  m e ta l  ion  must be p a r t  o f  t h e  c h e l a t e  to  

perform  i t s  m e tab o l ic  f u n c t io n .  Heme and th e  cytochrome enzymes a r e  

c h e l a t e s  o f  t h i s  ty p e ;  th e  hem oglobin m olecule w ith o u t  i t s  io n  m oie ty  

would be in c a p a b le  o f  t r a n s p o r t i n g  oxygen; and 3) The f i n a l  group co n ­

s i s t s  o f  th o s e  c h e l a t e s  which i n t e r f e r e  w ith  u t i l i z a t i o n  o f  e s s e n t i a l  

c a t i o n s .  Many such c h e l a t e s  a r e  though t to  be formed by " a c c id e n t"  and 

have no a p p a re n t  u s e f u l  b i o l o g i c a l  purpose . Such i s  t h e  c a s e  o f  th e  

c h e l a t e  formed by p h y t ic  a c id  and Zn which re n d e r s  Zn n o n - a v a i l a b l e  to  

th e  anim al sy s tem .

P r o te in  Source

The f i r s t  h i n t s  o f  th e  im portance  o f  c h e l a t i o n  i n  an im al n u t r i ­

t i o n  came about i n  an i n d i r e c t  manner. Severa l r e s e a r c h e r s  co nduc t ing  

m in e ra l  s t u d i e s  w ith  d i f f e r e n t  s p e c ie s  of an im a ls ,  p a r t i c u l a r l y  p o u l t r y ,  

found an a s s o c i a t i o n  between t h e  b i r d ' s  Zn req u ire m en ts  and th e  source  

o f  d i e t a r y  p r o t e i n  f e d .

O 'D e l l  and Savage (1957) i n  t h e i r  o r i g i n a l  r e p o r t  on th e  need o f  

Zn in  p o u l t r y  n u t r i t i o n  fed  50 w h i te  rock  male c h ic k s  a b a s a l  d i e t  con­

t a i n i n g  257o D rack e t t  p r o t e i n  ( i s o l a t e d  soybean p ro tr  -n) and  50 ppm Zn by 

a n a l y s i s .  The b asa l  d i e t  was supplemented w ith  6 .6  ppm and 56 ppm Zn 

and 57, d i s t i l l e r s  d r ie d  s o l u b l e s .  The b ird s  r e c e iv in g  t h e  supplem ental 

Zn ou t perform ed th e  b a s a l  group and showed no s h o r te n in g  o r  th ic k e n in g  

o f  th e  h o c k s .  S ince th e  b a s a l  d i e t  was co n s id e re d  to  c o n t a i n  adequa te  

Zn, th e  a u th o r s  concluded  t h a t  th e  Zn in  t h i s  d i e t  was u n a v a i l a b l e  

because  th e  b i r d s  responded to  a d d i t io n a l  Zn s u p p le m e n ta t io n .  M orrison

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .

 
 
 
 

 
 
 

PREVIE
W



and S a r e t t  (1958) found th a t  a soybean p r o t e i n  b a s a l  d i e t  c o n ta in in g  30 

ppm Zn fed to  ch ick s  produced poor growth as  compared to  a c a s e in -  

g e l a t i n  base  d i e t  c o n ta in in g  equal amounts o f  Zn. F u r th e r  when ca lc ium  

was added in  excess to  th e  soybean p r o te in  d i e t ,  c h ic k  growth was 

d ep re ssed ,  but th e  a d d i t io n  o f  excess  ca lc ium  to  th e  c a s e i n - g e l a t i n  

d ie t  was w ith o u t e f f e c t .  M oeller  and S co tt  (1958) conducted  growth 

experim ents  w ith  c h ic k s  r e c e iv in g  a g lu c o se -D ra c k e t t  p r o t e i n  d i e t  and a 

g lucose-egg  w h ite  d i e t .  Marked d e f ic ie n c y  symptoms were observed on 

both  b a sa l  d i e t s .  With th e  D ra c k e t t  b a s a l  (13 ppm Zn) maximum growth 

was o b ta in ed  w ith  20 ppm of supplem ental Zn. In  c o n t r a s t ,  maximum 

growth on th e  l a b o ra to ry  p rep a red  egg w h ite  b a s a l  was no ted  w ith  on ly  

10 ppm supplem ental Zn .

Z e ig le r  et. al..  (1961) found t h a t  th e  Zn req u irem en t o f  c h ic k s  fed 

a p u r i f i e d  d i e t  c o n ta in in g  c a s e in  was 12-14 mg. o f  t o t a l  Zn pe r  kg. o f  

d i e t .  Chicks fed a s im i l a r  d i e t  i n  which th e  c a s e in  p r o te in  was 

re p la c e d  by i s o l a t e d  soybean p r o te in  re q u i re d  27-29 mg. o f  t o t a l  d i e t a r y  

Zn per kg. o f  d i e t .  In c r e a s in g  th e  l e v e l  o f  soybean p r o t e i n  in  th e  d i e t  

in c re a se d  th e  Zn req u ire m en t .  The a u th o rs  concluded  t h a t  soybean p ro ­

t e i n  appeared to  c o n ta in  a s p e c i f i c  f a c t o r  o r  p ro p e r ty  which in c re a s e s  

th e  ch ick s  requ irem en t fo r  Zn. O ther r e s e a r c h e r s  have found s im i la r  

r e s u l t s  w ith  tu rk e y  p o u l t s  (K ra tz e r  e t  a l . ,  1959), ch ickens  (K ienholz 

e t  a l . ,  1962) and w ith  c h ic k s  (Davis e t  a l . ,  1962; Edwards, H. M., 1966, 

and N ie lsen  and H o ek s tra ,  1966).

Smith e t  .a l .  (1959) used f i v e  groups o f  e ig h t  th ree -w eek  o ld  p ig s  

and fed them s e m i-p u r i f ie d  d i e t s  c o n ta in in g  20.5% p r o t e i n .  A ll  p ig s
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re c e iv in g  i s o l a t e d  p r o t e i n  and soybean meal developed symptoms o f  p a ra ­

k e r a t o s i s ,  but t h e r e  were no symptoms in  th e  p ig s  fed  m ilk  p r o t e i n .  The 

p ig s  were r e a l l o t t e d ,  and s i g n i f i c a n t  in c re a s e s  i n  growth and th e  

a l l e v i a t i o n  o f  p a r a k e r a t o s i s  were observed when Zn was added to  soybean 

p r o t e i n  d i e t .  The a d d i t io n  o f  Zn to  m ilk  p r o te in  d i e t s  d id  n o t  improve 

g row th . The same a u th o rs  (Sm ith  e t  a l . .  1961) conducted  t h r e e  e x p e r i ­

ments w i th  114 th re e -w e e k  o ld  p ig s  to  de term ine  th e  Zn requ irem en t of 

th e  growing p ig  when i s o l a t e d  soybean p r o te in  was fed  i n  th e  d i e t  and 

found th e  requ irem en t to  be 46 ppm. The d i e t a r y  Zn req u ire m en t o f  th e  

p ig  was lower when c a s e in  was s u b s t i t u t e d  k i lo g ra m -fo r -k i lo g ra m  fo r  

i s o l a t e d  soybean m e a l .  Smith er  a i l . (1962) in  a s tu d y  to  de term ine  the  

e f f e c t  o f  v a r io u s  p r o t e i n  s o u rc e s  on d i e t a r y  Zn re q u ire m e n ts  found th a t  

p ig s  r e c e iv in g  m i lk  p r o t e i n  (c o n ta in in g  6-18 ppm Zn) w i th  and w ithou t 

added Zn had s u p e r io r  grow th to  th o se  on soybean p r o t e i n  and showed no 

s ig n s  o f  p a r a k e r a t o s i s .  A l l  p ig s  re c e iv in g  th e  soybean d i e t s  ( c o n ta in ­

ing  16-22 ppm Zn) showed t y p i c a l  Zn d e f ic ie n c y  symptoms. The a d d i t io n  

of 50 ppm Zn to  t h e  soybean p r o t e i n  d i e t  a l l e v i a t e d  th e  Zn d e f ic ie n c y  

symptoms; however, t h e  a d d i t i o n  o f  Zn to  th e  m ilk  p r o te in  d i e t s  d id  no t  

improve perfo rm ance .

From th e s e  r e s u l t s  i t  appea rs  t h a t  Zn i n  i s o l a t e d  soybean p ro te in  

i s  bound so t h a t  i t  i s  absorbed  l e s s  e f f i c i e n t l y  th a n  th e  Zn i n  animal 

p r o t e i n  such as c a s e i n  and egg -w h ite .

P h v tic  Acid and Calcium L eve ls

One o f  th e  o u ts ta n d in g  d i f f e r e n c e s  between an im al and p la n t  

sou rces  o f  p r o t e i n  i s  i n  t h e i r  co n te n t  o f  p h y ta te ,  t h e  hexaphosphate

with perm iss ion  of  th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
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e s t e r  o f  i n o s i t o l .  Most p la n t  se e d s ,  n o ta b ly  o i l s e e d  meals and c e r e a l  

g r a i n s ,  s t o r e  phosphorous as th e  o rg a n ic  e s t e r .  Smith and R ackis  (1957) 

found when e x t r a c t i n g  p r o te in s  from soybean m eal,  p h y tin  r e a c t s  w i th  th e  

p r o t e i n  to  form complex p ro d u c ts  o f  v a ry in g  co m p o si t io n .

In  a s tudy  to  t e s t  w hether o r  n o t  a c a s e in - p h y t i c  a c id  complex 

would d e c re a s e  a v a i l a b i l i t y  o f  Zn to  th e  growing c h ic k ,  O 'D ell  and 

Savage (1960) added p h y t ic  ac id  to  a c a s e in  base  d i e t  in  an amount 

e q u iv a le n t  to  t h a t  no rm ally  found i n  an i s o la te d - s o y b e a n  p r o t e i n  based 

d i e t .  They found t h a t  Zn in  th e  c a s e i n  t r e a t e d  d i e t  was l e s s  a v a i l a b l e  

than  th e  u n t r e a te d  c a s e in  d i e t .  A d d it io n  o f  ca lc iu m  p h y ta te  to  th e  

c a s e in  base  d i e t  had l i t t l e  o r  no e f f e c t  on Zn a v a i l a b i l i t y .  They co n ­

cluded  t h a t  i s o l a t e d  soy p r o te in  h a s  a h ig h  a f f i n i t y  f o r  Zn. O berleas  

e t  a l .  (1960) fed w ean ling  p ig s  b a s a l  d i e t s  o f  c a s e in  (15% p r o t e i n  and 

14 m g ./k g .  Zn) and soybean meal (157o p r o t e i n  and 25 m g ./kg . Zn) to  which 

phy tic  a c i d  a n d /o r  Zn were added. V isu a l  and h i s t o l o g i c a l  a n a l y s i s  

in d i c a te d  t h a t  p ig s  r e c e iv in g  th e  soybean meal b a s a l  developed  p a ra k e ra ­

t o s i s ,  w hereas th o se  r e c e iv in g  c a s e i n  p r o te in  d id  no t except when p h y t ic  

ac id  was added . Zn su p p lem en ta t io n  a t  100 m g . /k g .  p reven ted  th e  nega­

t i v e  e f f e c t s  o f  added phy tic  a c i d .  T h e i r  d a ta  i n d i c a t e  t h a t  p a ra k e ra ­

t o s i s  can be produced on a d i e t  composed of an im al p r o te in  i f  p h y tic  

a c id  i s  added a t  e i t h e r  low o r  h ig h  l e v e l s  o f  d i e t a r y  c a lc iu m .

Follow ing t h e i r  o b s e rv a t io n  t h a t  p h y t ic  a c id  decreased  Zn a v a i l a ­

b i l i t y  and produced p a r a k e r a to s i s  i n  sw ine , O berleas  .et a l .  (1961) used 

th e  r a t  to  s tu d y  p h y t ic  ac id -Z n  m e ta b o lic  i n t e r r e l a t i o n s h i p s .  Weanling 

a lb in o  r a t s  were fed  d i e t s  based  on c a s e in  and p u r i f i e d  soy p r o t e i n
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