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Summary

The minera requlrements of weanlings have received some attention in recent years, but much more work is needed. Calcium is of concem
because of its need for bone formation but also because excessive amounts can decrease utilization of other minerals. The calcium to phos-
phorus ratio must also be considered. A range of ratios of 1 11 to 3r1 seems to be reasonable. The National Research Council (NRC, 19Bg) sug
gested that growing horses, 4 to 12 months old with a mature weight of 500 kg, would need 29-36 g of calcium daily. Some authors have sug-
gested that NRC calcium values are too low whereas some have suggested NRC are too high. lt is concluded that at this time there is not
sufficient evidence to significantly change the NRC calcium requirements.
The biggest range in recommendatons s probably for copper and zinc. The NRC (1989) recommended dietary concentrations of 10 and
40 mg/kg of dry matter, respectively. Others have suggested that much hlgher copper and zinc concentrations are needed to prevent
osteochondross. Reasons for ditferences among experimental results need to be determined.
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M ineralstoffbedarf von wachsenden Fohlen

Seit einigen Jahren wird dem Mineralstofflcedari von Autzuchtfohlen vermehrt Beachtung geschenkt - dennoch bleibt auf diesem Gebiet noch
einiges zu tun.
Von Bedeutung ist hier vor allem der Calciumbedarf in Hlnsicht auf den Knochenaufbau, wobel berücksichtgt werden muß, daß eine exzessive
Zufuhr von Calcium zu vermlnderter Utilisation anderer Mineralstotfe führen kann. Das CalPhosphor-Verhältnis sollte zwischen 1:1 bis 1:3 lie
gen. Das National Research Council {NRC,1989) empiehlt, daß Pferde mit einem angestrebten Endgewicht von 500 kg in der Wachstums-
phase im Alter von 4 bis 12 Monaten täglich 29+6 g Calcium erhalten. Es liegen Arbeiten anderer Autoren vor, die die vom NRC empfohlenen
Mengenangaben entlveder as zu niedrig oder aber als zu hoch bezeichnen. Zum jetzigen Zertpunkt liegen jedoch keine ausreichenden Ergeb
nisse vof, die e ne Anderung der derzeitigen Empfehlungen des NRC hinsicht ich des lVineralstoffbedarf$ von Fohlen rechtfertigen.
Die größte Spanne der Empfehlungen besteht wahrscheinlich im Bereich des Kupfer- und Zinkbedarfs. Während das NRC (1989) Konzentra-
tionen von 10 bzw. 40 mg/kg Trockenmasse im Futter als ausrejchend ansieht, werden nach Aussagen anderer Autoren wesentlich höhere
Kupfer- und Zinkkonzentrationen benöigt, um Osteochondrosis vozubeugen.
Hier gilt es, mögliche Ursachen zu linden, die zu den untersch edlichen Versuchsergebnissen geführt haben.

Schlüsselwörter: Nrineralien, Pferde, Kalzium. Phosphor, Kupfer

Horses reouire at least 15 minerals. A few of these 15 mine-
rals have been studied in reasonable detail but most have re-
ceived litt le attention. Furthermore, there are probably other
minerals that are required but have not been recognized as
essential. Thus, there is much to do. Mineral deficiencies are
cerlainly not uncommon and have been of great detriment to
horses. Reading some of the many case histories of big
head disease or osteoporosis that were published in the
1800's and early 1900's not only provides a perspective of
the imporlance of the mineral adequacy but also brings the
realization of how severe and traumatic many of the treat-
ments for big head were before the role of calcium was fi-
nally realized, For example, Cole (1847) suggested that ,,a
chisel about two inches wide should be heated in a fire unti l
red hot". The chisel was to be applied to the affected horse's
head midway between the eye and nostril and pressed to
burn ,,entirely into the bone." Spring (1858) suggested that
the skull of a horse with big head should be punctured with
an awl and arsenic poured into the opening or ,,a concoction
of roots of rattle weed (one oeck boiled down with three
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pounds of bacon) be driven into the skull with a hot iron
every day for a week."
We are now appalled at such barbaric treatments and won-
der how such an obvious remedy as dietary calcium was not
recognized sooner. According to McCay (1973), the first di-
rect experiment in which dietary calcium was shown to mo-
dify the composition of bone was by Chossaf in 1842. He
fed pigeons wheat or wheat plus calcium. The pigeons fed
wheat had very fragile bones whereas those fed the wheat
plus calcium had normal bones. But l ime or calcium supple-
mentation was not routinely recommended for the treatment
of big head disease until the latter pad of the nineteenth cen-
tury. lt is l ikely that in the future as more becomes known ab-
out trace minerals, some may wonder why we did not reco-
gnize the impodance of certain minerals in 1996.

Calcium and Phosphorus

I have been fascinated by mineral nutrition of horses ever
since I observed the dramatic effects of calcium phosphorus
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imbalance on the skeleton of the horses in the experiments
conducted by Krook and Lowe (1964). The horses were 5 to
9 months of age at the start of the experiment and were fed
diets containing 0.23% Ca and 0.86% P. An insidious shi f -
trng lameness was observed by 12 weeks. There was sub-
sequently some enlargement of the jawbones.
Savage et al. (1993) also studied the effect of calcium phos-
phorus imbalance on bone development in growing horses.
They fed diets containing 0.57 % Ca and 0.44% P or 0.57 o/o

Ca and 1.71% P (dry matter basis)  to foals 4.5 to 6.5
months of age. The excess phosphorus induced clinical and
histological changes suggestive of dyschondroplasia in 5 of
6 foals, Two of 12 foals fed the control diet had histological
changes but none of the foals fed the control diet had clinical
or radiological changes.
The above experiments demonstrate that excess phos-
phorus can induce calcium deficiency. They do not establish
the minimum requirement for calcium but suggest that a
dietary concentration of 0.57 % calcium would be adequate
for growing foals if excess phosphorus is not present.
Otf and Asquith (1989) reported that increasing the calcium
and phosphorus dietary concentration from 0.46% and 0.36
7o, respectively to 0.70%o and 0.41yo, respectively did not
increase bone mineralization in yearling horses. The lower
concentrations provided about 35 g of calcium and 21 g of
phosphorus daily.
Thompson et al, ( '1988) fed diets containing 0.70o/o,0.45o/o
or 0.20 % calcium to foals that had been weaned at 130
days of age. The diets were fed until the foals were 370 days
of age, The low calcium diet decreased radiographic bone
density and third metacarpal length, No differences were
seen between the foals fed 0.45% or 0.70% calc ium.
Cymbaluk et al. (1989) suggested that endogenous phos-
phorus losses of the growing horse may be greater than
those used in the calculations of NRC (1989) requirement for
phosphorus. lt was also suggested that excessive calcium
intake may have a greater effect on phosphorus utilization
than previously reported. Horses at 24 months of age were
in negative phosphorus balance even though intake exceed-
ed NRC (1989) recommendations. Cymbaluk and Christrson
(1989a), however, found that increasing the phosphorus
concentration in the diet of horses growing in cold climates
from O.24oÄ Io 0.68% or 0.98% did not increase rate of
gain. Furthermore, phosphorus intakes that were marginally
deficient when comoared to NRC standards did not alter
productivity, feed intake, or occurrence of musculoskeletal
abnormalities in weanling horses (Cymbaluk and Chnsflson
(1e8e b)
NRC (1989) suggested that diets for foals 4 to 6 months of
age should contain 0.56 % to 0.68 % calcium. In order to
compare recommendations it might be better to express re-
quirements in grams per day. NRC (1989) concluded that
horses 4 to 12 months of age with an expected mature
weight of 500 kg need 29 to 36 g of calcium per day. The
variation depends on the rate of growth. INRA (1990) sugge-
sted 28 to 39 g of calcium per day for horses B to 12 months
of age (mature weight of 500 kg). Recommendations from
Germany were 28 to 33 g per day (extrapolated from tables
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for 400 and 600k9 animals), (Meyer et al., 1994). NRC
(1989) recommended 16 to 20 g of phosphorus daily for the
above horses. INRA (1990) recommended 16 to 22 g of
phosphorus per day. Meyer et al. (1994) recommended 1B
to 23 g daily.
There has been significant concern about the dangers of ex-
cessive calcium. There is no doubt that excess calcium can
be harmful. Large excesses of any nutrient can be toxic. The
question has been what level is considered harmful. Krook
and Maylin (1988) suggested that excessive dietary calcium
could cause hypercalcitonism which would inhibit calcium
reabsorption and replacement of cafti lage by bone. Further-
more, it was suggested that the NRC requirements were
high enough to induce nutrit ional hypercalcitonism with ma-
nifestations of osteochondrosis and osteopetrosis. However,
Thompson et al. (1988) repoded no adverse effects in bone
density or bone growth in weanlings fed diets containing
2.50o/o calcium, a level several t imes that recommended by
NRC (1989).

Savage et al. (1993) reported that diets containing 1.95%
calcium fed to weanlings did not increase the incidence of
dyschondroplasia. In contrast to the suggestions of Krook
and Maylin (1988), Gabel (1987) suggested that survey data
indicated that NRC il9Bg) recornmendations should be
higher.
Although there is no doubt that fudher studies on the effects
of calcium and phosphorus nutrit ion on the development of
skeletal problems could be rewarding, I think there is l i tt le
evidence at this time to suggest that the NRC (1989) require-
ments for calcium and phosphorus of growing horses should
be significantly changed. Further studies of the effect of
dietary cation-anion balance (DCAB) on calcium metabolism
and skeletal oroblems could be fruitful. DCAB has been
shown to influence the incidence of t ibial dyschondroplasia
in chickens (Edwards, 1984) a condition with some similari-
t ies to osteochondrosis in foals. Studies with growing horses
demonstrate that DCAB can influence calcium metabolism
and excretion (Wall et al., 1992; Copper et al., 1 995).
Although inadequate calcium intake is more common than
inadequate phosphorus intake, the possibil i ty of phosphorus
deficiency in foals cannot be ignored, particularly when they
are consuming diets containing primarily hay (Greiwe-Cran-
deil el al., 1993).

Copper and Zinc

These trace minerals have received a great amount of atten-
tion ever since Knight et al. (1985) reported a negative corre-
lation between the copper concentrations in the diets of we-
anlings and incidence of skeletal problems in a survey of
horse farms. There is no doubt that copper deficiency can
induce skeletal problems. Bridges and Harris (1988) produc-
ed osteochondrosis experimentally in foals fed a diet con-
taining 1 .7 mg of copper per kg of feed. Hurting et al. (1 993)
fed foals diets containing B or 25 ppm copper, They
concluded there was a relationship between low copper in-
take in fast growing horses and inferior collagen quality, bio-
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mechanically weak carti lage and osteochondrosis lesions. All
nine foals fed the low copper diet had histological lesions but
only 5 developed clinical lesions. lt was concluded that fac-
tors other than nutrit ion, such as individual variation in gro-
wth or genetic potential influence the expression of
osteochondrosis.
Asai et al. (1993) reported that a survey of 25 farms in Japan.
Eleven percent of foals had severe and 15 % had moderate
epiphysitis of the fetlock joint when the copper content of
pasture grasses was about 50% of NRC requirement, But
they pointed out that epiphysitit is of the knee joint did not
seem correlated with dietary copper.
There has been considerable discussion about the copper
requirements of growing horses. In 1989, NRC considered
that the data suggesting high levels of copper were inconclu-
sive and decided not to increase the reouirement but keeo it
at the concentration of 10 mg/kg of diet. Meyer (1994) re-
cently reviewed copper nutrit ion in the horse. He suggested
a requirement of 1O-12 mg per kg of diet but he pointed out
that attention should be paid to copper status of weaned
foals grazing heath or moorland pastures containing low
copper concentrations.
Pool (1995) reported that he had conducted post mortem
examinations on many foals with developmental orthopedic
disease and found very few foals with histological lesions
consistent with copper deficiency.
Bridges and Moffitf (1990) reported that in their study that "it
is apparent that 7.7 mg of copper per kg in a diet is ade-
quate to maintain normal copper metabolism in weanling
foals,"
Off and Asquith (1989) reporled that when the diet of year-
l ing horses contained 7 ppm copper and 36 ppm zinc bone
mineralization was decreased but when the diet contained
11 ppm copper and 40 ppm zinc, bone mineralization was
not enhanced by fufther trace mineral supplementation. Off
and Asquifh (1995) fudher repofted that the addition of cop-
per or copper and zinc to diets containing less than the NRC
requirement did not increase bone mineral deposition in
yearling horses.
On the other hand, many feel copper deficiency in foals to be
fairly common and that NRC recommendations are not ade-
quate. Asai et al. (1993) suggested NRC recommendations
are too low for the prevention of epiphysitis in the fetlock joint
because, in a survey, 13 % of the foals fed 1 02% of NRC
copper requirement had epiphysitis of the fetlock joint.
Knight et al. (1990) suggested that copper requirement be
increased because foal fed diets containing 55 mg of copper
per kg of diet had a lower incidence of skeletal lesions than
foals fed 15 mg of copper per kg of diet, Gabel et al. (1987)
recommended that the total diet contain 25*30 mg of cop-
per per kg. HurTig et al. (1993) also recommended that the
diets of growing horses contain 20-25 mg/kg copper. Cym-
baluk and Smart (1993) suggested that copper can be add-
ed to supply 20-25 mg/kg total diet for susceptible breeds
although there have been no conclusive factorial experi-
ments that have confirmed these copper requirements. They
also concluded that non-susceptible horses, ponies and
draft horses probably need only 10 to 15 mg/kg of diet.
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Cymbaluk and Smart (1993) point out that evaluating copper
status in horses is an imprecise science. Perhaps require-
ments are increased by increased endogenous loss, increas-
ed needs for gain, breed specificity or reduced copper
digestibil i ty that influences requirements. The large differen-
ces in estimates of copper requirements clearly supporl the
premise that many factors influence the requirement.
Zinc is often considered to be the most impodant cation inhi-
bitor of copper absorption by horses (Cymbaluk and Smarl,
1993). No dramatic effects of zinc on copper metabolism
were found in two studies in which the diets contained as
much as 500 mg of zinc per kg of diet (Coger et al., 1987',
Hoyt eI al., 1995). Bridges and Moffiff (1990), however, re-
porled that the addition of 1000 or 2000 mg of zinc per kg of
diet adversely affected copper metabolism in foals. lt seems
orudent to recommend that the Zn:Cu ratio should not be
wider than 4:1 to 5 '.1 (Cymbaluk and Smart, 1993).
Although molybdenum reduces copper availabil ity in rumi-
nants, intakes up to 107 mg of molybdenum per kg of feed
had little impact on copper metabolism in horses (Cymbaluk
et al., 1981 ; Strickland et al., 1987).
As mentioned above, further studies are needed to develop
better indicators of copper status. The recent work of Meyer
and lr,egs (1995) is encouraging, They repoded liver copper
concentrations in the fetal and neonate. Livers of 75 aborted
fetuses (6th-1 1th month of gestation) and 1 9 neonates (i -2
weeks of age) were analyzed.lt was suggested that the liver
copper concentrations of 10- and 1 1-month-old fetuses and
those of newborn foals could be used to evaluate copper
status of mares. Values of 300 prg Cu/g in liver (dry matter
basis) of fetuses and at least 400 ;tg Cu/g in liver (dry matter
basis) of newborns were suggested to indicate copper in-
take and absorption by the mare.

Other minerals

The reouirements for trace minerals have received little at-
tention. Several of the NRC (1989) estimates are based on
studies with other species. A comparison of the require-
ments by NRC (1989) and Meyer et al. (1994) are shown in
table 1. There is reasonable agreement between the two
groups but, of course, that does not prove accuracy. Meyer
et al. (.1994) recommended 4 to 6 g of magnesium per day
for foals with a mature weight of 500 kg, slightly higher than
the 3,7 to 4.3 g of magnesium recommended by NRC.

Tab.1: Comparison of requirements for trace minerals.

: Vergleich der Versorgungsempfehlungen für Spuren-
elemente

Meyer et al. ,  1994 NRC (1989)

mg/kg of diet (dry matter)
lron 80-100 50
Copper 10- 12 10
Zinc 50 40
Manganese 40 40
Selenium 0.15-0.2 0.2
lodine 0j-0.2 0.1
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