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SUMMARY 

Twenty-two weanlings of Thoroughbred and Quarter Horse type were fed 
three levels of copper supplementat ion and two forms of concen t r a t e ,  
extruded and p e l l e t e d ,  i n  a 172 day feeding tr ial .  Starting age and w e i g h t  
were 134-21 days and 205+26 kg. 
kg/lOO kg BW/day. 
appet i te  during two, 1.5 h r  feeding periods da i ly .  
pelleted form were fed p r i o r  t o  t h e  r e g u l a r  p o r t i o n  of concen t r a t e  a t  0.25 
kg/hd/day and provided 0, 50, and 112 mg added copper da i ly .  Least square 
means f o r  t h e  low, medium and h i g h  copper levels were: weight  g a i n  86, 72, 
76 kg; h e i g h t  g a i n  11.10, 10.72, 10.13 cm; g i r t h  g a i n  17.09, 17.32, 15.98 
cm; l eng th  g a i n  14.15, 13.72, 13.23 cm; h ip  h e i g h t  g a i n  10.97, 11.15, 
10.03 cm; d a i l y  g r a i n  3.57, 3.32, 3.14 kg; d a i l y  hay 2.29, 2.29, 2.36 kg; 
t o t a l  d a i l y  i n t a k e  5.86, 5.61, 5.51 kg; feed e f f i c i e n c y  8.41, 8.35, 8.39 
&/IO0 kg WT g a i n  r e spec t ive ly .  Least square  means for extruded and 
pelleted concen t r a t e s  were: w e i g h t  g a i n  88, 75 kg; h e i g h t  g a i n  11.18, 
10.11 cm (p<.05); g i r th  g a i n  18.49, 15.11 cm; l e n g t h  g a i n  14.99, 12.42 cm; 
h i p  h e i g h t  g a i n  11.48, 9.93 cm (p<.05) ; d a i l y  g r a i n  3.28, 3.41 kg; d a i l y  
hay 2.29, 2.34 kg; t o t a l  d a i l y  i n t a k e  5.56, 5.75 kg; feed e f f i c i e n c y  7.53, 
9.24 kg/lOO kg UT g a i n  r e spec t ive ly .  
pelleted concen t r a t e s  were 36.56 g/min and 45.84 g/min r e spec t ive ly .  
Ear ly  d i f f e r e n c e s  (p<.05) i n  w e i g h t  g a i n  t h r u  day 84 due t o  concen t r a t e  
form decreased wi th  time. Serum a n a l y s i s  was no t  i n d i c a t i v e  of level of 
bone minera l iza t ion .  
between l e v e l s  of supplemental  copper. 

Alecia Bermudagrass hay was fed  a t  1 
The weanlings were fed  t h e i r  designated concen t r a t e  t o  

Copper supplements i n  

Rates of i n t a k e  f o r  extruded and 

Bone d e n s i t y  a n a l y s i s  d i d  no t  r e v e a l  d i f f e r e n c e s  

INTRODUCTION 

I n  r e c e n t  yea r s ,  a r e l a t i o n s h i p  between low dietary copper and w h a t  is 
commonly known as metabolic bone disease has  been suggested (Knight,  e t  
a1.1985; Carbery, 1975; Bridges,  e t  al. 1984) . Copper is e s s e n t i a l  t o  
angiogenes is  i n  t h e  epiphyses  v i a  t h e  copper p r o t e i n  g l y c y l h i s t y l l y s i n e .  
Therefore  t h e  mine ra l i za t ion  of cartilage t o  form bone r e q u i r e s  copper. 

I n  a comparison of t h e  d i g e s t i b i l i t y  of extruded,  pelleted,  and coarse  
concen t r a t e s  i n  a d u l t  horses and ponies ,  Hintz ,  e t  al. (1985) found t h a t  
t he  d ry  matter and energy d i g e s t i b i l i t y  of t h e  extruded product  was 
greater than  t h e  pe l l e t ed  product.  P r o t e i n  d i g e s t i b i l i t y  was h i g h e r  f o r  
t h e  extruded feed vs. t h e  coarse feed. However there is l i t t l e  or no 
informat ion  on t h e  u se  of extruded concen t r a t e  i n  weanling horses .  

This experiment was designed t o  examine t h e  effect of three levels of 
copper on growth and bone development i n  weanling horses. 
concen t r a t e  form, pelleted VS. extruded,  on animal growth performance was 
a l s o  examined . 

The effect  of 

1 Mana-Pro Corp., York, PA 
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PROCEDO RE 

Twenty-two Thoroughbred and Q u a r t e r  Horse f o a l s  were weaned a t  112 
days of  age and started on a 2x3 f a c t o r i a l  experiment one t o  three weeks 
later. I n i t i a l  body weight ,  withers h e i g h t ,  h i p  h e i g h t ,  body l e n g t h ,  
g i r t h ,  serum and radiographs of t h e  l e f t  t h i r d  metacarpal were taken. 
Weights and body measurements were recorded every 14 days. 
measures, serum and rad iograpbs  were repeated on t h e  f i n a l  day of t h e  
experiment. P e l l e t s  A ,  B, or C, fed a t  a rate of 0.25 kg/hd/day, provided 
r e s p e c t i v e l y  0 ,  57, or 110 mg Cu/hd/day. After consumption of t h e  copper 
supplemented pel le ts ,  t h e  weanlings were f e d  t h e i r  designated concen t r a t e  
i n d i v i d u a l l y  t o  appet i te  dur ing  two, 1.5 h r  feeding  pe r iods  d a i l y .  
were weighed da i ly .  Alecia Bermudagrass hay was group fed a t  1 kg/100 kg 
BW/day i n  two equal  feedings.  P l a i n  sa l t  blocks were provided i n  each 
pen. Trace mineral  con ten t  of serum and feed samples were determined by 
atomic absorp t ion .  Radiographs were prepared f o r  a n a l y s i s  via t h e  
technique of Meakim, e t  al. 1981. Radiographs were analyzed f o r  bone 
d e n s i t y  us ing  t h e  dens i tomet ry  c a p a b i l i t y  of t h e  Image Analyser (Southern 
Micro Instrument  Inc., A t l an ta ,  GA). 
and was deleted from t h e  t r i a l .  

Weights, 

Orts 

One f o a l  d i d  n o t  accept t h e  r a t i o n  

RESULTS 

Composition of t h e  copper supplements,  extruded and pel le ted 
concen t r a t e s ,  and t h e  hay are shown i n  table 1. The des igna ted  i n t a k e s  of 
supplemented copper were insured  by feeding  t h e  copper supplement first a t  
each feeding period. 
supplement were t h e  extruded and pelleted concen t r a t e s  fed.  
n u t r i e n t  i n t a k e s  are shown i n  table 2. No d i f f e r e n c e s  i n  i n t a k e s  were 
noted f o r  t h e  three copper l e v e l s  except for  to ta l  d a i l y  
which was analysed t o  be 0 ,  97, and 159 mg/animal/day. 

h e i g h t  g a i n s  ( table  3 ) .  Serum copper,  calcium, and z i n c  levels  d i d  n o t  
reflect t h e  l eve l  of d a i l y  copper in take .  
i n i t i a l  and f i n a l  serum copper l e v e l s  i n d i c a t e s  t h e  f o a l s  were n o t  i n  a 
copper d e f i c i e n t  state. 

t rea tments .  Bone denis i tometery  a n a l y s i s  of radiographs of t h e  l e f t  t h i r d  
metacarpal d i d  no t  show d i f f e r e n c e s  between t rea tments .  

Only after t h e  animals  had consumed a l l  of t h e  
Feed and 

copper i n t a k e  

Copper i n t a k e  d i d  n o t  i n f luence  w e i g h t ,  h e i g h t ,  g i r t h ,  l e n g t h  or h i p  

The lack of d i f fe rence  between 

Examination for j o i n t  disease d i d  n o t  reveal d i f f e r e n c e s  among 

a t e  Form Study 

Rates of i n t a k e  for t h e  extruded feed and pelleted feed were 36.6 
g/min and 45.8 g/min r e spec t ive ly .  Weanlings f e d  t h e  extruded concen t r a t e  
had s i g n i f i c a n t l y  greater weight  g a i n s  t h r u  day 84 (p<.05). A t  t h e  end of 
t h e  experiment t h e  f o a l s  fed  extruded concen t r a t e  cont inued t o  show a 
t r end  toward g r e a t e r  ga ins .  An i n c r e a s e  i n  feed e f f i c i e n c y  of 18.51% was 
s e e n  i n  t h e  extruded (7.53 k g / l O O  kg UT g a i n )  over  t h e  p e l l e t e d  feed (9.24 
k g / l O O  kg WT ga in ) .  
d i f f e r e d  l i t t l e  from t h e  p e l l e t e d  concent ra te .  The data suggest extruded 
concen t r a t e  is a t  least equal  t o  pelleted concen t r a t e  as a feed f o r  
weanling horses .  

Animal acceptance of t h e  extruded concen t r a t e  
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CONCLUSIONS 

The r e s u l t s  of t h i s  s tudy d i d  not  show a d i f f e rence  i n  bone dens i ty  
between t h e  t reatment  groups. 
l e v e l  is not  i n d i c a t i v e  of bone mineral izat ion.  The lack of d i f f e rence  
between i n i t i a l  and f inal  serum copper levels i n d i c a t e s  t h e  f o a l s  on the  
con t ro l  d i e t  were not  copper d e f i c i e n t  (Carbery, 1978; Bridges, e t  al .  
1984). There were no c l i n i c a l  s i g n s  of j o i n t  disease. The data suggest 
supplemental Cu enhances t h e  level of bone minera l iza t ion  i n  growing 
horses. This experiment i n d i c a t e s  t h e  need for  f u r t h e r  study of t h e  
r e l a t ionsh ip  between Cu def ic iency and metabolic j o i n t  disease. 

equal t o  o r  better than t h e  pelleted form of concentrate  i n  t h e  growth 
performance of weanling horses. Further  examina t ion  of t he  d i g e s t i b i l i t y  
of extruded verses  p e l l e t e d  concentrate  f o r  young horses may i n d i c a t e  more 
d i f f e rences  between t h e  two forms of feed. 

Results of serum ana lys i s  suggest serum Cu 

This experiment shows t h e  extruded form of concentrate  t o  be a t  least  
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TABLE 1. Concentrate and Supplement Composition and Analyses of t h e  
Concentrates, Supplements and Hay 

Supplements and 
Concentrateg 
A ,  B, c, E, p 

Corn, g r  
Soybean meal (48%) 
Wheat middlings 
Alfa l fa ,  dehy (17%) 
Molasses (30 lb. Prot.) 
Limestone, g r  
Lignin su l fona te  
Dical. Phos. 
S a l t  
Ca prop. 
Vitamin premix 
Trace mineral premix 

1 

48.33 
20.00 
20 . 00 

5.00 
2.00 
1.30 
1.25 
0.75 
0 05 
0.25 

0.12 

100.00 

Alecia 

Analyses 

D r y  matter, % 
Dig. Energy, Mcal/kg 2 3  , 
Crude Pro te in ,  % ' 
Calcium, % 

Phosphrous, f 
3 

3 

3 

Copper, PPm 
3 Zinc, ppm 

Molybdenum, ppm 3 

86.6 

3 009 

21 03 

0.98 

0.85 

8.00 

69.5 

1.72 

88.5 

3 009 

20 03 

1.01 

0.72 

228 

74.1 

2.60 

87.3 

3 009 

20.8 

0.97 

0.71 

51 0 

72.8 

5.45 

88.3 

3 009 

18.7 

0.80 

0.81 

12.4 

73 .6 

3 -15 

87.2 

3 009 

17.8 

0.74 

0.72 

19.1 

89 03 

3.28 

90.6 

1.98 

5 .8 

0.32 

0.40 

8.60 

21 .o 

1.94 

'Vitamin premix provided 20,922 Io V i t . A ,  1,236 I O  V i t . D ,  25.7 I U  

'Calculated from NRC 1978. 
3Dry matter basis.  

Vit.E/kg. 
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TABLE 2 Daily Intake 

Concentrate i n t ake ,  kg 
Supplement in take ,  kg 
Hay in t ake ,  kg 
Total  i n t ake ,  kg 

Dry Matter in t ake  
Concentrate, kg 
Supplement, kg 
Hay, kg 
Total ,  kg 

2 Crude P ro te in  in take  
Concentrate,  kg 
Supplement, kg 
Hay, kg 
Total ,  kg 

1 

Concentrate, Mcal 
Supplement, Moa1 
Hay, Mcal 
Total ,  Mcal 

Calcium in t ake  

Dig. Energy in take  

2 
Concentrate, g 
Supplement, g 
Hay, g 
Total, g 

2 Phosphorous in t ake  
Concentrate , g 
Supplement, g 
Hay, 8 
Total, g 

Zinc in t ake  2 
Concentrate, mg 
Supplement, mg 
Hay, mg 
Total ,  mg 

2 Molybdenum in take  
Concentrate,  mg 
Supplement, mg 
Hay, mg 
Total ,  mg 

2 Copper in t ake  
9 Concentrate, 

Supplement, mg 
Hay, mg 
Total, mg 

Copper Supplement Conc. Form 
mg added Cu/day - E P 

3 057 
0.25 
2.29 
6.11 

3 013 
0.22 
2.07 
5.42 

0.57 
0.05 
0.13 
0 075 

9.67 
0.68 
4.10 

14.45 

24.10 
2.16 
7.30 

33 0 5 6  

24.10 
1.87 
9.20 

35.17 

339.4 
15.3 
48.1 

402.5 

10.1 
0.38 

4.4 
14.9 

71.1 
1.8 

92 .6 
19.7 

3.32 3.14 3.28 3.41 
0.25 0.25 0.25 0.25 
2.29 2.36 2.29 2.34 
5.86 5.75 5.82 6.00 

2.91 2.76 2.90 2.97 
0.22 0.22 0.22 0.22 
2.07 2.14 2.07 2.12 
5.20 5.12 5.19 5.31 

0.53 0.50 0.61 0.61 

0.13 0.14 0.13 0.14 
0.05 0.05 0.05 0.05 

0.71 0.69 0.79 0.80 

8.99 8.53 8.96 9.18 
0.68 0.68 0.68 0.68 
4.10 4.24 4.10 4.20 

13.77 13.45 13.74 14.06 

22.41 21.25 23.20 22.00 
2.22 2.13 1.76 1.63 
7.30 7.60 6.60 6.80 

31.93 30.98 31-56 30.43 

22.41 21.25 23 50 21.40 
1.58 1.56 1.67 1.67 
9.20 9.40 8.30 8.50 

33.19 32.21 33.47 31.57 

315.3 299.1 213.2 265.2 
16.3 16.0 15.9 15.9 
48.1 49.6 43.6 44.5 

379.7 364.7 272.7 484.4 

9.4 8.9 9.1 9.8 

4.4 4.6 4.0 4.1 
14.4 14.7 13.8 14.6 

0.57 1.20 0.72 0.72 

66.1 62.7 35.9 56.7 
123.1 172.7 
19.7 20.3 17.8 18.2 

2'75.0 255.7 53.7 74.9 

' D i g .  Energy ca lcu la ted  from 1978 NRC. 
'Nutrient i n t ake  ca l cu la t ions  are based on analysed values  f o r  t he  con- 

c e n t r a t e s  and hay. 
Supplemental copper not  included -169- 



TABLE 3 Least Square Means and Standard Errors fo r  Gains i n  Weight 
H e i g h t ,  Gi r th ,  Length, and Hip Height 

Conc. Form - 
A B C E P 

Weight ga in ,  kg 85.8 82.3 76.2 88.0 74.9 
SE 7.3 7.3 6.8 6.2 5.7 

Height ga in ,  cm 11.1 10.7 10.1 11.2a 10.1 
SE 0.41 0.41 0.38 0.36 0.33 

b 

G i r t h  ga in ,  cm 17.1 17.3 16.0 18.5 15.1 
SE 1.9 1.9 1.8 1.7 1.5 

Length ga in ,  cm 14.1 13.7 13.2 15.0 12.4 

Hip Height ga in ,  cm 11.0 11.1 10.0 11.5a 9.9 
SE 0.61 0.61 0.56 0.51 0.46 

SE 1.6 1.6 1.5 1.3 1.2 
b 

abValues w i t h  un l ike  supe r sc r ip t s  a r e  d i f f e r e n t  (p<.05) . 
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TABLE 4 Influence of Copper on Bone Density 

SUPPLEMENT 
A B C 

Medial Peak, mm A 1  
I n i t i a l  20.13 2.28 18,111 1.40 23.69 k 6 . 4 3  
Fina l  19.88 f 2.39 21.96 k 2.16 21.18 k3.06 
D i f f .  0.95 f 2.36 3.82 f 2.71 4.56 f 6.84 

Midpoint, mm A 1  
I n i t i a l  16.83 f 1.41 14.48 0.98 21.51 k 5.49 
F i n a l  18.27 f 2.63 18.43 f 5.54 18.00 k 2.12 
Diff. 1.45 f 2.75 3.96 f 5.45 -3.50 6.09 

Lateral Peak, mm A 1  
I n i t i a l  17.83 1.59 14.98 0.72 22.22 f 5.32 
Fina l  19.01 f3 .51  18.56 k 1.83 19.63 3.78 
Diff.  1.18 f 4.08 3.59 2 2.22 -2.59 f 7.37 

Estimated bone mineral', g/2 cm section 
I n i t i a l  13.80 f 1.50 11.78 f 2.95 18.96 4.49 
Fina l  15.99 2.55 15.69 f 3.64 17.44 f 5.94 
Diff.  0.30 f 3.18 1.12 2 3.66 -1.06 ~ 1 0 . 0 3  

'Estimated bone meneral content was ca lcu la ted  using t h e  following 
equations: 

EBM = 0.87 RBAE - 2.35 for  medial peak 
E B M  = 0.98 RBAE - 1.47 
EBM = 0.93 RBAE - 2.86 for  l a te ra l  peak 

for  midpoint 

TABLE 5 Influence of Copper Intake on i n  Serum Calcium, Copper, and Zinc 

SUPPLEMENT 
A B C 

Calcium , = / d l  
I n i t i a l  
F ina l  
Diff  . 

Copper, uglml 
I n i t i a l  
F ina l  
D i f f  

Zinc, u g / m l  
I n i t i a l  
F ina l  
Diff .  

11.38 0.66 11.31 0.87 11.33 0.28 
11.50 f 1.14 11.01 f 0.75 10.08 i 2.16 
0.12 f 1.25 -0.27 f 1912 -1.06 k 2.40 

0.87 f 0.26 0.78 f 0.18 1.01 0.24 
0.82 0.29 0.86 f 0.33 1.01 k 0.28 

-0.08 f 0.11 0.07 f 0.32 0.01 f 0.23 
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