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Summary 

A 3 • 3 latin square design balance trial was 
conducted with three mature ponies fed diets 
containing 0.16, 0.31 or 0.86% magnesium. 
Increasing the dietary level of Mg increased Ca 
absorption but did not affect P absorption. 
Increasing the Mg intake increased Mg reten- 
tion, urinary losses and apparent and true 
digestibility of magnesium. Estimated endo- 
genous fecal and urinary Mg losses were 2.2 mg 
and 3.9 mg of Mg/kg of body weight, respec- 
tively. The maintenance requirement for ponies 
was estimated to be 12.8 mg Mg/kg of body 
weight. 

Introduction 

The dietary requirements of horses for 
magnesium, calcium and phosphorus are in- 
fluenced by the interrelationships among these 
nutrients. For example, high levels of dietary 
phosphorus decrease the absorption of calcium 
(Schryver, Hintz and Craig, 1971a) and magnes- 
ium (Hintz and Schryver, 1972). The following 
trial was conducted to study the effect of 
various levels of dietary magnesium on magnes- 
ium, calcium and phosphorus metabolism in 
mature ponies when the calcium and phos- 
phorus were present in the diet at levels 
adequate for maintenance. 

Materials and Methods 

Magnesium, calcium and phosphorus bal- 
ances were determined in three mature ponies 
(avg wt 181 kg) fed diets containing 0.16, 0.31 
or 0.86% Mg (table 1). The low level was 
selected to approximate the maintenance re- 
quirement. The design was a 3 X 3 latin square. 
All diets were pelleted and the ponies were fed 
1,360 g twice a day. The ponies were housed in 
metabolism crates which permitted complete 
and separate collection of feces and urine. 
Collection periods were 10 days and were 
preceded by preliminary periods of at least 3 
weeks. Blood samples were taken daily for the 
last 7 days of each collection period. Calcium 

' The authors wish to acknowledge the assistance 
of J. Cooper, P. Daniluk, S. Hallett, C. Marquis, K. 
O'Neil and J. Williams. 
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TABLE 1. COMPOSITION OF EXPERIMENTAL 
DIETS 

Ingredient 1 2 3 

. . . . . . . . .  % . . . . . . . . .  

T imothy  hay 10.00 10.00 10.00 
Cellulosea 25.00 25.00 25.00 
Corn 54.50 54.25 53.50 
Soybean meal 8.00 8.00 8.00 
Molasses 2.00 2.00 2.00 
Calcium carbonate  0.50 0.50 0.50 
Magnesium oxide - -  0.25 1.00 

Magnesipm b 0.16 0.31 0.86 
Calcium o 0.62 0.47 0.46 
P h o s p h o r o u s b  0.30 0.28 0.27 
Proteinb 9.03 8.83 8.88 

aSolka-Floc, Brown Paper Co., Berlin, New Hampshire. 
b90% dry matter basis. 

and magnesium contents were determined by 
atomic absorption spectrophotometry and 
phosphorus was determined by the stannous 
chloride - hydrazine reduction of phospho- 
molybdic acid. 

Results 

Although the diets were formulated to 
contain similar levels of all nutrients except Mg, 
the low Mg diet contained a higher level of Ca 
according to analyses. Perhaps there was an 
error when weighing the calcium carbonate. 
Consequently, the Ca intake was greater when 
the low magnesium diet was fed (table 2). 
However, the estimated true digestibility of Ca 
was greater for the high Mg diet and hence, 
there were no significant differences in Ca 
retention between the low Mg and high Mg 
diets. The levels of Mg in the diets did not 
significantly affect any of  the P values studied. 
Increasing the Mg intake significantly increased 
fecal and urinary Mg excretion and Mg reten- 
tion. Apparent digestibility and estimated true 
digestibility of Mg were greater for the two 
diets containing the higher levels of magnesium. 

The equation Y = -6.15 + 0.48X (figure 1) 
describes the relationship of Mg retention (Y) 
to Mg intake (X) (r = 0.960) and predicts zero 
Mg retention when intake is 12.8 mg/kg of 
body weight per day. The equation also pre- 
dicts an endogenous loss of -6.15 mg/kg of 

JOURNAL OF ANIMAL SCIENCE, vol. 37, no. 4, 1973 



928 HINTZ AND SCHRYVER 

TABLE 2. CALCIUM, PHOSPHORUS AND MAGNESIUM BALANCES 

Magnesium Intake Feces Urine Retained Apparent Est. true a 
le'cel digestibility digestibility 

% - - mg/kg of body weight - - % % 

Calcium 

0.16 92.0b 52.2 b 10.4 29.4 b 43.3 b 65.0b 
0.31 62.7c 37.5 c 8.1 17.1c 40.2b 72.1b,e 
0.86 65.0c 29.9 c 9.5 25.6 b 54.0 c 84.8c 
S-x 2.3 1.5 1.0 3.9 2.4 2.3 

Phosphorus 

0.16 43.2 35.4 N.D. h 7.8 17.9 41.2 
0.31 36.6 30.4 N.D. 6.2 16.9 44.3 
0.86 35.2 29.8 N.D. 5.4 15.3 43.7 
S'x 1.8 1.5 1.0 2.0 1.9 

Magnesium 

0.16 23.7 e 12.6 e 5.6 b 5.5 b 46.8b 53.3b 
0.31 46.11 19.3 e 10.7 c 16.1~ 58.1e 62.5e 
0.86 131.6g 54.0 r 20.5 a 57.1 58.8 c 60.5c 
S'x 2.5 2.5 1.0 1.3 1.5 1.2 

(~_l~vtimea.ted ass_t~ning e n d o g e n o  .us fecal, e x c r e t i o n  o f  2 0 m e  Ca,  1 0  _nag 
oct~xy r �9 m. i ~ l u ;  ~cnryve~  e t  aJ. J.~f-i IO; -~llnl~z a n d  S c n r y v e r ,  1 9 7 2 ) .  

o,c,~V'alues with ur~k.~ e supersctapts s~.ficantly d.lfferent (P<0.5). 
~a,l~Veal~:~ec~r~ unlike superscripts significantly different (P<.O1). 

body-we igh t  when Mg intake is zero. The 
equation Y = 2.22 + 0.39 X (figure 2) describes 
the relationship o f  fecal Mg (30 to Mg intake 
(X) (r = 0.75). Thus, the endogenous fecal Mg 
loss is estimated to be 2.22 mg Mg/kg body 
wt/day. Endogenous urinary excretion is esti- 
mated to be 3.93 mg/kg body wt/day.  The 

P a n d  2 m g  M g / k g  o f  b o d y  w e i g h t  

equation is Y = 3.93 + 0.12 X (r = 0.94), where 
Y = urinary Mg excretion and X = Mg intake 
(figure 2). 

The dietary Mg content did not  influence Ca 
or P serum levels. However, increasing the level 
of  Mg in diet increased the Mg serum levels 
(table 3). 
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Figure 1. The relalionship of magnesium intake to 
magnesium retention. 
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Figure 1. The relationship of magnesium intake to 
magnesium urinary and fecal exretion. 
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TABLE 3. EFFECT OF DIETARY MAGNESIUM CONTENT ON MAGNESIUM, CALCIUM, AND 
PHOSPHORUS SERUM LEVELS a 

Dietary 
Mg Ca p Mg 

% mg/100 ml mg/100 ml rag/100 ml 

0.16 11.91 • 0.95 3.87 • 0.43 2.21b • 0.15 
0.31 12.08 • 1.04 4.08 • 0.44 2.62~ • 0.33 
0.86 12.00 • 0.79 3.87 • 0.67 3.39 • 0.45 

aEach mean is average o f  21 values. 
bcd,Values with unlike superscripts significantly different. (P<.05). 

Discussion 

An increased absorption of Ca due to 
increased dietary levels of Mg has been reported 
in rats (Clark, 1968), man (Heston and Parsons, 
1961; Briscoe and Ragan, 1966) and calves 
(Huffman and Duncan, 1935), although other 
reports indicated Mg decreased Ca absorption 
or had no effect (Hjerpe, 1968). The reason for 
the increased absorption is not known and the 
situation seems quite complex as Mg deficiency 
also enhances Ca absorption (Alcock and 
Maclntyre, 1962). Thus, there appears to be a 
biphasic response of Ca absorption to Mg 
intake. That is, either Mg deficiency or high 
levels of Mg may increase Ca absorption. 

Although supplemental P decreased Mg 
absorption in an earlier trial with ponies (Hintz 
and Schryver, 1972), increased Mg did not 
influence P metabolism in the present study. 
Clark (1968) reported that Mg increased P 
absorption in rats only when the Ca:P ratio was 
low and suggested the effects of Mg on P 
absorption that he observed were the result of a 
Mg - Ca interraction. In our earlier trial (Hintz 
and Schryver, 1972) the Ca:P ratio for the diet 
with depressed Mg absorption was 1.0:3.3, 
whereas, in the control diet and in the diets in 
the present study, the Ca:P ratio was about 
1.0:0.5. 

Although high dietary levels of Ca or P 
could presumably induce a Mg deficiency 
(Whitlock et  al., 1970; Hintz and Schryver, 
1972) it does not appear that a high dietary 
level of Mg would induce Ca or P deficiency in 
ponies due to decreased absorption of these 
minerals. 

Increasing the Mg level from 0.16 to 0.31% 
increased the apparent and estimated true 
digestibility of Mg, with no significant dif- 
ference between the 0.31% and 0.86% level. 
However, some of this increase may have been 
due to the fact that in the basal diet, the Mg 
was supplied by the feedstuffs while in the 
other diets, much of the Mg was supplied by 

MgO, which is probably more available than Mg 
in feeds. The higher level of Ca in the basal diet 
may have also decreased the absorption of 
magnesium or perhaps the decreased absorption 
was a result of the Ca:Mg ratio. It was 3.9:1 for 
the low Mg diet and 1.3:1 and 0.4:1 for the 
diets with higher levels of Mg. The P:Mg ratio 
may also be important. 

Nevertheless, it is obvious that Mg absorp- 
tion is different from Ca absorption in the 
horse in that increasing the intake of Ca 
decreases Ca digestibility (Schryver, Craig and 
Hintz, 1970). 

The estimate of 2.2 mg of endogenous fecal 
Mg/kg of body weight/day is similar to the 1.8 
mg reported for ponies earlier Crlintz and 
Schryver, 1972), and to the values of 2.3 mg/kg 
and 2.2 mg/kg reported for sheep (Chicco et  al., 
1972) and calves (Smith, 1959). The value of 
3.9 mg Mg for endogenous urinary excretion is 
somewhat higher than the 2.8 mg previously 
reported for ponies (Hintz and Schryver, 1972) 
but the data again demonstrate that the endo- 
genous urinary loss of Mg is greater than the 
endogenous fecal Mg loss. The increased urinary 
excretion of Mg with increased Mg intake 
demonstrates that the kidney is important in 
Mg homeostasis. 

The estimate that an intake of 12.8 mg 
Mg/kg of body weight is required/kg of body 
weight to maintain zero balance in ponies 
agrees closely with our earlier estimate of 13.1 
mg (Hintz and Schryver, 1972). 
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