
ZINC IN THE NUTRITION OF D A I R Y  CATTLE 

B.L. Smith 

Z i n c  i s  w e l l  e s t a b l i s h e d  as an e s s e n t i a l  element i n  animal 
n u t r i t i o n .  
z i n c  d e f i c i e n c y  i n  p i g s  were prevented by supplementat ion w i t h  z i n c  
(Tucker and Salmon, 1955). 
p reven t  t h e  symptoms o f  what i s  now known as z i n c  d e f i c i e n c y  i n  
c a t t l e .  Much o f  o u r  knowledge o f  t h e  c l i n i c a l  s i g n s  o f  z i n c  
d e f i c i e n c y  has a r i s e n  f rom s t u d y i n g  t h e  s igns  and l e s i o n s  o f  
e x p e r i m e n t a l l y  reproduced z i n c  d e f i c i e n c y  f rom f e e d i n g  s p e c i a l l y  
f o r m u l a t e d  d i e t s  o r  by examining o f f s p r i n g  w i th  a h e r i t a b l e  z i n c  
mal a b s o r p t  i on syndrome. 

B i o l o g i c a l  Func t i ons  o f  Z i n c  

Z i n c  i s  a c o n s t i t u e n t  o f  a number o f  metalloenzymes. These 
i n c l u d e  ca rbon ic  anhydrase, c a l f  thymus DNA polymerase, 
carboxypept idase A and R ,  a l c o h o l  dehydrogenase, a mannosidase, l a c t i c  
dehydrogenase, a1 k a l i n e  phosphatase, and many o the rs .  I n  a d d i t i o n  
seve ra l  o t h e r  enzyme complexes a r e  a c t i v a t e d  by z inc .  
i m p o r t a n t  i n  t h e  a c t i v i t y  o f  some hormones eg. i n s u l i n .  

Probably  because o f  i t s  impor tance i n  so many enzyme and hormone 
systems and i n  s t r u c t u r a l  complexes, z i n c  i s  i n v o l v e d  i n  t h e  
metabol ism of n u c l e i c  ac ids,  carbohydrates, l i p i d s  and p r o t e i n s .  The 
homeostat ic  mechanism i n v o l v i n g  z i n c  d i s p o s i t i o n  and i t s  r o l e  i n  
metabol ism g e n e r a l l y  i s  s t i l l  very  p o o r l y  understood. 

f o r  

Near l y  30 years  ago i t  was shown t h a t  t h e  s k i n  l e s i o n s  o f  

W i t h i n  f i v e  y e a r s  z i n c  was a l s o  shown t o  

Z i n c  i s  a l s o  

Labora to ry  and f i e l d  t r i a l s  have i n d i c a t e d  t h a t  z i n c  i s  e s s e n t i a l  

(a) growth 
(b)  maintenance 
( c )  r e p r o d u c t i o n  
(d )  defence a g a i n s t  i n j u r y  and i n f e c t i o n  and r e p a i r .  

and t h a t  d e f i c i e n c i e s  of z i n c  f rom whatever cause w i l l  r e s u l t  i n  
p e r t u r b a t i o n  o f  one o r  more o f  t hese  func t i ons .  

C l i n i c a l  Consequences o f  Zinc D e f i c i e n c y  i n  C a t t l e  

Labora to ry  and f i e l d  exper imen ta t i on  have r e s u l t e d  i n  t h e  
f o l l o w i n g  c l i n i c a l  s i g n s  o r  l e s i o n s  o f  z i n c  d e f i c i e n c y  b e i n g  
i d e n t i f i e d  
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1 e t  hargy . 
c e s s a t i o n  o r  r e t a r d a t i o n  o f  growth. 
s l o w i n g  o r  ceas ing o f  h a i r  growth w i t h  f o r m a t i o n  o f  b r i t t l e  
h a i r s .  
t r a n s i e n t  f r o t h y  o r  viscous s a l i v a .  
p a l l o u r  o f  tongue dorsum ( inc reased  numbers o f  b a c t e r i a )  and 
d e n t a l  pad u l c e r a t i o n .  
l o s s  o f  t a s t e  pe rcep t ion .  
ano rex ia  
d i s t o r t i o n  o f  horn o r  hoo f  growth. 
thymic hypop las ia  r e s u l t i n g  i n  abnormal ce l l -med ia ted  immune 
response and s u s c e p t i b i l i t y  t o  i n f e c t i o u s  disease. T h i s  i s  
e s p e c i a l l y  ev iden t  i n  ca l ves  s u f f e r i n g  f rom Adema disease. 
abnormal keratogenesis  w i t h  s k i n  th i cken ing ,  c r a c k i n g  and 
i n f e c t i o n .  I n i t i a l l y  t hese  l e s i o n s  show about mouth, nose, eyes 
and o t h e r  o r i f i c e s  and l a t e r  about t h e  neck, legs,  head and 
scrotum and base o f  t e a t s .  
re ta rded  t e s t i c u l a r  growth and development. 

Causes o f  Z i n c  D e f i c i e n c y  

N u t r i t i o n a l  

Low z i n c  c o n c e n t r a t i o n  i n  t h e  feed  i s  t h e  most common cause o f  
z i n c  d e f i c i e n c y  overseas. 
concen t ra t i ons  low enough t o  cause z i n c  d e f i c i e n c y  have been quoted by 
d i f f e r e n t  i n v e s t i g a t o r s .  

c o n c e n t r a t i o n  i n  t h e  t o t a l  r a t i o n  o f  beef  and d a i r y  c a t t l e  of 25 mg 
Zn/kg o f  d r y  m a t t e r  (OM)  (Grace, 1983). 
l ower  l i m i t  o f  50 mg Zn/kg o f  DM has been s e t  hy t h e  N u t r i t i o n a l  
Counc i l  o f  t h e  Canadian Feed I n d u s t r y  A s s o c i a t i o n  (Smart e t  al., 
1981). 
requi rement  f o r  z i n c  i s  probably  excessive. Several o t h e r  n u t r i t i o n a l  
f a c t o r s  a r e  known t o  i n f l u e n c e  z i n c  a b s o r p t i o n  o r  metabolism a l though  
t h e i r  importance i n  ruminant n u t r i t i o n  i s  unknown. These a r e  p h y t i c  
ac id ,  calcium, copper, i r o n  and molybdenum. 

Genet ic  

D i f f e r i n g  f i g u r e s  f o r  d a i r y  feed z i n c  

There fo re  a conserva t i ve  l ower  l i m i t  has been suggested f o r  z i n c  

An even more conserva t i ve  

I n  t h e  absense o f  i n t e r f e r i n g  substances i n  t h e  d i e t  t h i s  

An i n h e r i t e d  c o n d i t i o n  o f  H o l s t e i n / F r i e s i a n  c a t t l e  known as A46 
o r  Adema d isease has been observed i n i t i a l l y  i n  Sco t land  b u t  a l s o  i n  
I t a l y ,  Hol land,  Germany and Denmark. The d isease i s  an autosomal ly  
recess i ve  d e f e c t  o f  z i n c  a b s o r p t i o n  and has many s i m i l a r i t i e s  t o  t h e  
s i m i l a r l y  i n h e r i t e d  c o n d i t i o n  a c r o d e r m a t i t i s  en te ropa th i ca  o f  man 
(Weismann and F lagstad,  1976). 
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Sources o f  Z i n c  

The f i r s t  and most impor tan t  source o f  z i n c  t o  t h e  new-borne c a l f  
i s  colostrum. 
Zn/kg m i l k  (Schwarz and Ki rchgessner ,  1975b). These d e c l i n e  r a p i d l y  
a f t e r  t h e  f i r s t  few days o f  l a c t a t i o n  reach ing  5 mg I n l k g  m i l k  by 
about 10 days and d e c l i n i n g  throughout  l a c t a t i o n  t o  about 3 mg Zn/kg 
m i l k  towards t h e  end o f  l a c t a t i o n  i n  autumn (N.R. Towers, personal  
communication). 
t h e  range (Grace, 1972) 23-70 mg Zn/kg nM (mean 38) f o r  t h e  N o r t h  
I s l a n d  and 17-27 mg Zn/kg DM (mean 22) f o r  t h e  South I s l a n d .  The 
range f rom 40 Southland and Otago p r o p e r t i e s  (Corn fo r th ,  personal  
communication) was s i m i l a r ,  7-50 mg Zn/kg DM (mean 24). 
samples c o l l e c t e d  a t  Ruakura throughout  t h e  y e a r  gave an o v e r a l l  mean 
f SD o f  38210 mg Zn/kg DM ( range 22-79). A l a r g e  number o f  p a s t u r e  
samples submi t ted  t o  Ruakura f o r  t h e  Auckland and Waikato reg ions  gave 
a mean f SD o f  39t15 mg Zn/kg DM (main ly  i n  t h e  range 25-50). 
lowest  l e v e l  was found i n  maize and t h e  h i g h e s t  f rom a weed sample (12 
and 1 5 7  mg Zn/kg DM r e s p e c t i v e l y ) .  
appear t o  be composi t ion (legumes a r e  h i g h e r  i n  z i n c  t h a n  grasses and 
c e r e a l s )  and m a t u r i t y  (mature grass has a l ower  con ten t  t h a n  young 
grass) .  There appears t o  be no seasonal v a r i a t i o n  i n  z i n c  conten t  of 
pastures.  

Colost rum has h i g h  l e v e l s  o f  z i n c  - upwards o f  20 mg 

Pas tu re  l e v e l s  of z i n c  have been shown t o  vary w i t h i n  

Pas tu re  

The 

The main causes o f  v a r i a t i o n  

It i s  i m p o r t a n t  t o  r e a l i s e  t h a t  t h e  body has very l i m i t e d  s t o r e s  
o f  z i n c  f o r  meet ing l o n g  t e r m  d e f i c i t s  i n  z inc .  There fo re  a 

supply  o f  z i n c  i s  e s s e n t i a l .  con t i nuous  

Most 
a r e  found 
g u t  l e v e l .  

Z i n c  D e f i c  

ngested z i n c  i s  exc re ted  i n  faeces and n e g l i g i b l e  amounts 
n u r i ne .  Most c o n t r o l  o f  body z i n c  homeostasis i s  a t  t h e  

ency i n ' l e w  Zealand D a i r y  C a t t l e ?  

No cases o f  z i n c  d e f i c i e n c y  o f  e i t h e r  n u t r i t i o n a l  o r  g e n e t i c  
o r i g i n  have been recorded i n  New Zealand d a i r y  c a t t l e .  However a 
p e r u s a l  o f  t h e  records o f  New Zealand p a s t u r e  z i n c  c o n c e n t r a t i o n  
suggests t h a t  t h e r e  may be t imes  when t r a n s i e n t  z i n c  d e f i c i e n c i e s  o r  
marg ina l  i n t a k e s  might  e x i s t .  I t  would n o t  be s u r p r i s i n g  i f  
o c c a s i o n a l l y  z i n c  responsive c o n d i t i o n s  d i d  occur  under some unusual 
combinat ion o f  c o n d i t i o n s  eg. a l k a l i n e  s o i l s ,  grass dominated pasture,  
h i g h  ca l c ium i n t a k e ,  about p a r t u r i t i o n .  I nc reased  demands f o r  z i n c  i n  
p r o d u c t i v e  animals  may a r i s e  f rom 

( a )  improved g e n e t i c  and t e c h n i c a l  advances r e s u l t i n g  i n  f u r t h e r  and 
. more e f f i c i e n t  animal p r o d u c t i o n  eg. breeding,. g e n e t i c  

engineer ing,  v a c c i n a t i n g  f o r  f a s t e r  growth, use of growth 
s t i mu 1 an ts  ; 

* 1 mmole Zn = 65 mg Zn 
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( b )  m o d i f i c a t i o n  o f  f e e d i n g  p a t t e r n s  and methods eg. use o f  maize o r  
urea;  

( c )  movement f rom ga lvan ised  p i p i n g  and f i t t i n g s  t o  p l a s t i c .  

Diagnosis o f  Zinc Def iciency 

As z i n c  d e f i c i e n c y  has n o t  been recognised as a problem i n  d a i r y  
c a t t l e  i n  New Zealand cons ide rab le  c a u t i o n  must be e x e r c i s e d  i n  
i n v e s t i g a t i n g  any d isease where z i n c  d e f i c i e n c y  i s  suspected. 
be remembered t h a t  z i n c  homeostasis i s  upset i n  seve ra l  d isease and 
some p h y s i o l o g i c a l  processes and t h a t  low z i n c  l e v e l s  i n  some body 
f l u i d s  and organs may be secondary t o  some o t h e r  cond i t i on .  I t  i s  
suggested t h a t  a l l  t h e  f o l l o w i n g  be considered i n  a r r i v i n g  a t  a 
d iagnos is  o f  z i n c  d e f i c i e n c y .  

( a )  C l i n i c a l  s igns  and p a t h o l o g i c a l  f i n d i n g s .  

( b )  

It must 

H i s t o r y  and env i ronmenta l  c o n d i t i o n s  i n c l u d i n g  a n a l y s i s  o f  p l a n t  
o r  o t h e r  fodder. 

Z inc  c o n c e n t r a t i o n  i n  serum, whole b lood  and l i v e r .  ( c )  

( d )  Response t o  z i n c  t reatment .  

( a )  C l i n i c a l  S igns 

C l i n i c a l  s igns  have been described. S k i n  l es ions ,  slow growth 
and p o s s i b l y  r e p r o d u c t i v e  problems shou ld  be examined c r i t i c a l l y  t o  
exc lude d i f f e r e n t i a l  diagnoses. 

( b )  H i s t o r y  and Environment 

Consider  t h e  age, m a t u r i t y  and p h y s i o l o g i c a l  c o n d i t i o n  o f  t h e  
animal and t h e  c o n d i t i o n ,  composi t ion and m a t u r i t y  of t h e  pasture,  t h e  
s o i l  pH and recen t  t o p d r e s s i n g  h i s t o r y .  Ana lys i s  of feed f o r  z i n c  
shou ld  be c a r r i e d  out. Analyses showing pas tu re  z i n c  between 20 and 
50 mg Zn/kg DM have been assoc ia ted  o c c a s i o n a l l y  w i t h  responses t o  
z i n c  supplementat ion a l though  these have n o t  been c l e a r l y  d e f i n e d  as 
s imp le  z i n c  d e f i c i e n c y .  
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( c )  Z i n c  Concen t ra t i on  i n  Animal F l u i d s  and T issues 

(i) Blood 

D u r i n g  z i n c  d e p l e t i o n  s t u d i e s  i n  l a c t a t i n g  d a i r y  cows (Schwarz 
and Ki rchgessner ,  1975a) showed t h a t  z i n c  con ten t  o f  whole b lood  o n l y  
showed a d e f i n i t e  d e c l i n e  a f t e r  z i n c  d e f i c i e n c y  l e s i o n s  were w e l l  
advanced. However serum z i n c  c o n c e n t r a t i o n  decreased t o  50% a f t e r  one 
week o f  d e p l e t i o n  and 25% o f  i n i t i a l  l e v e l s  a f t e r  19  weeks. T h i s  
suggests t h a t  serum z i n c  concen t ra t i ons  g i v e  a b e t t e r  i n d i c a t i o n  o f  
z i n c  d e f i c i e n c y  t h a n  do whole b lood  de te rm ina t ions .  
remembered t h a t  o t h e r  disease c o n d i t i o n s  ( l i v e r  disease, c h r o n i c  and 
a c u t e  i n f e c t i o n ,  acu te  t i s s u e  i n j u r y )  and t h e  immediate post -par tum 
p e r i o d  a r e  assoc ia ted  w i t h  f a l l s  i n  serum z i n c  concen t ra t i ons .  Table 
1 shows t h e  serum and plasma l e v e l s  f o r  some Ruakura d a i r y  s tock.  
Plasma z i n c  concen t ra t i ons  f o r  3-6 month o l d  ca l ves  have a l s o  been 
g i ven  by Towers e t  a l .  (1981). 

It must be 

Stock N MeanSSD Range 

S t e e r  and H e i f e r  Y e a r l i n g s  5 serum 0.94a.05 0.80-1.05 

Mixed Age L a c t a t i n g  Cows 28 serum 1.078.14 0.70-1.30 

Mixed Age L a c t a t i n g  Cows 12 plasma 0.92tO.14 0.709-1.17 

Tab le  1: Serum and plasma z i n c  concen t ra t i ons  (pg Zn/ml) f o r  d a i r y  
s tock  a t  Ruakura. 

(ii) Organs 

B o t h  l i v e r  and k idney show some d e c l i n e  i n  z i n c  c o n c e n t r a t i o n  
d u r i n g  z i n c  d e f i c i e n c y  ( M i l l e r ,  1968; 1970; Neatherey e t  al., 1973) 
and t h e  d e c l i n e  may reach 30 t o  60% when c l i n i c a l  symptoms o f  z i n c  
d e f i c i e n c y  a r e  apparent. Kidney i s  n o t  recommended f o r  z i n c  analyses 
because o f  t h e  v a r i a t i o n  i n  c o n c e n t r a t i o n  o f  z i n c  between c o r t e x  and 
medul la  and t h e  d i f f i c u l t y  o f  o b t a i n i n g  a u n i f o r m  sample. 

A wide r a n g i n g  survey o f  some organ z i n c  concen t ra t i ons  has been 
r e p o r t e d  by S o l l e y  e t  a l .  (1982). F i g u r e  1 shows t h e  d i s t r i b u t i o n  o f  
z i n c  c o n c e n t r a t i o n  i n  c a t t l e  l i v e r s .  S o l l e y  (quoted by Towers, 1977) 
a l s o  showed t h a t  t h e  mean l i v e r  z i n c  c o n c e n t r a t i o n  f o r  c a l v e s  (394 mg 
Zn/kg; n = 253) was h i g h e r  than  t h a t  f o r  o t h e r  c a t t l e  (158 mg Zn/kg; 
n = 136). F igu res  f rom Ruakura d a i r y  c a t t l e  i n d i c a t e  t h a t  mean l i v e r  
l e v e l s  f SD o f  121Q5 mg Zn/kg ( n  = 4), 108+11 (n = 4) and 175k28 
( n  = 5) f o r  l a c t a t i n g  cows, non l a c t a t i n g  cows and y e a r l i n g  s t e e r s  
r e s p e c t i v e l y .  
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H a i r  i s  n o t  a good i n d i c a t o r  o f  z i n c  de f i c iency .  

F i g .  1. Frequency d i s t r i b u t i o n  cu rve  f o r  z i n c  c o n c e n t r a t i o n  i n  c a t t l e  

( d )  Response t d  z i n c  t rea tmen t  

l i v e r s  th roughou t  New Zealand ( f rom S o l l e y  e t  a l .  1981). 

Z i n c  d e f i c i e n t  ruminants u s u a l l y  respond r a p i d l y  t o  t h e  
a d m i n i s t r a t i o n  o f  supplementary z inc.  
c l i n i c a l  a p p r a i s a l ,  we igh t  changes o r  p o s s i b l y  by i n c r e a s i n g  a c t i v i t y  
o f  serum a l k a l i n e  phosphatase. 
o n l y  be i n c o r p o r a t e d  i n  t h e  i n v e s t i g a t i o n  o f  a s i g n i f i c a n t  f i e l d  
problem and then  i n  c o n s u l t a t i o n  w i t h  a s u i t a b l e  l a b o r a t o r y .  
t o  overcome t h e  i n f l u e n c e  of p o s s i b l e  i n t e r f e r i n g  f a c t o r s  o r  
a b s o r p t i o n  problems t h e  a d m i n i s t r a t i o n  r a t e  o f  z i n c  f o r  a z i n c  
response t r i a l  shou ld  be h i g h e r  than  t h e  r a t e  considered adequate t o  
p r e v e n t  z i n c  d e f i c i e n c y .  
we igh t  as t h e  o x i d e  o r  su lpha te  i s  suggested. T h i s  i s  equal t o  a 
c o n c e n t r a t i o n  i n  feed o f  about 100-150 mg Zn/kg DM. 

(eg. p h y t a t e  o r  EDTA), a r e  known t o  a f f e c t  t h e  absorpt ion,  
a v a i l a b i l i t y  o r  metabol ism o f  z i n c  i n  monogastr ic  animals b u t  t h e  
ev idence f o r  such a c t i o n s  i n  ruminants i s  l i m i t e d .  Z i n c  i n  l a r g e  
q u a n t i t i e s  may a l s o  i n t e r f e r e  w i t h  t h e  metabolism o f  some o f  t h e s e  
chemicals. 

Response may be measured by 

However t h e  l a t t e r  approach shou ld  

I n  o r d e r  

A d a i l y  dose r a t e  o f  2-3 mg Zn/kg body 

Calcium, copper, cadmium, selenium, molybdenum and c h e l a t e s  

O the r  Z i n c  I n t e r r e l a t i o n s h i p s  

F a c i a l  eczema 

The p r o p h y l a c t i c  e f f e c t  of z i n c  i n  p r e v e n t i n g  f a c i a l  eczema and 
some o t h e r  t o x i c o s e s  i n  ruminants  i s  w e l l  es tab l i shed .  The dose r a t e s  
o f  z i n c  r e q u i r e d  t o  cause s i g n i f i c a n t  p r o t e c t i o n  a r e  high, about  20 t o  
30 t imes  normal d a i l y  i n take .  
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Wound h e a l i n g  

Supplementing a normal p r a c t i c a l  d i e t  f o r  d a i r y  c a t t l e  w i t h  l a r g e  
amounts o f  z i n c  o x i d e  o r  su lpha te  has been shown t o  s i g n i f i c a n t l y  
i nc rease  t h e  r a t e  o f  wound h e a l i n g  ( M i l l e r  e t  a l .  1967). However t h i s  
e f f e c t  o f  z i n c  on wound h e a l i n g  has been a c o n t r o v e r s i a l  sub jec t ,  w i t h  
some i n v e s t i g a t o r s  o f t e n  o b t a i n i n g  no e f f e c t  o f  z i n c  on wound hea l i ng .  
Win (1975) concluded t h a t  t h e  p o s i t i v e  e f f e c t s  o f  z i n c  on wound 
h e a l i n g  p robab ly  occu r red  i n  c a t t l e  which were m a r g i n a l l y  z i n c  
d e f i c i e n t  . 
Copper 

serum l e v e l s  o f  copper i n  c a t t l e  and ca l ves  (Towers e t  a l .  1981) i t  
has n o t  been shown t o  cause c l i n i c a l  copper d e f i c i e n c y  i n  sheep o r  
c a t t l e  d u r i n g  experiments designed t o  t e s t  t h e  f a c i a l  eczema 
p r o p h y l a x i s  e f f e c t  o f  z inc.  
z i n c  may cause i t s  p r o p h y l a c t i c  e f f e c t  t h rough  an e f f e c t  on copper 
metabolism, (R. Munday, personal  communication), i t  i s  suggested t h a t  
copper supplements shou ld  n o t  be admin i s te red  a l o n g  w i t h  z i n c  i n  
f a c i a l  eczema c o n t r o l .  

A l though pro longed z i n c  a d m i n i s t r a t i o n  has been shown t o  reduce 

Because p r e l i m i n a r y  f i n d i n g s  suggest t h a t  
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