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of intake, allows the slope of the
linear response in retention to be
calculated for each source. For
example, changes in hemoglobin
concentration and liver copper
stores have been classical
approaches for comparing different
iron and copper sources,
respectively. For these comparisons
to be meaningful the intake of a
given mineral must be at or below
the requirement.

The minerals included in most trace
mineral mixes are zinc, copper, iron,
manganese, selenium, iodine and
cobalt. The following is an overview
of the common sources of each
mineral and our current
understanding of their relative
availability.

Zinc

The most common forms of
supplemental zinc added to animal
diets are zinc oxide and feed grade
zinc sulfate. When the availability
of zinc in zinc sulfate is set at 100,
zinc oxide has between 44% and 78%
the value of zinc sulfate in purified
and practical diets for chicks
(Wedekind and Baker 1990;
Wedekind et al., 1992 and Sandoval
et al., 1997). Wedekind et al. 1994
reported that in corn-soybean meal
diets for growing pigs, the
availability

of zinc from zinc sulfate was equal
or superior to zinc from zinc
methionine and zinc lysine. Spears
and Samsell (1986) reported that
heifers fed zinc methionine tended
to grow faster (P <0.07) than those
fed zinc oxide, but there was no
significant difference in plasma zinc
or plasma alkaline phosphate
activity. Kincaid et al., (1997)
reported that calves fed starter
supplemented with zinc methionine
or zinc lysine had greater serum zinc
concentrations than those fed zinc
oxide, but there was no difference in
weight gain or immune function.

Copper
Historically, copper sulfate
pentahydrate and copper oxide have
been the two most common copper
sources used by the feed industry.
However, an increasing body of
evidence has brought into question
the efficacy of copper oxide as a
copper source for animals. Recent
animal studies (Aoyagi and Baker
1993, Cromwell et al. 1989 and
Ledoux et al. 1991) using analytical
grade cupric oxide has shown that it
is not available for absorption. In
fact, Aoyagi and Baker (1993)
reported that the availability of
copper from copper oxide relative to
copper sulfate pentahydrate was not
significantly different from zero.
However, other copper
sources are highly
available. Using
copper sulfate
pentahydrate as the
standard (100%), the
availability of
cuprous oxide,
copper chloride,
alkaline copper
carbonate and cupric
acetate were 100%,
145%, 100% and 100%,
respectively Baker and
Aoyagi (1993). In most
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animal studies, feeding organic
copper sources have given similar
responses to copper sulfate
pentahydrate. However, there have
been experiments with a trend
toward higher availability (Yost et al.
2001).

Iron

Ferrous carbonate and ferrous
sulfate in the monohydrate form are
the two most common iron sources
used by the feed industry. Many
times iron oxide will be listed on the
feed tag, but it is commonly added
as a coloring agent and not as a
source of available iron. Iron
absorption is quite variable
depending on the level of iron in the
diet. Using %°Fe retention, the
absorption of iron from wheat flour
dropped from 60% to 9% as the iron
concentration in the diet increased
from 8 to 1270 ppm. If the
availability of ferrous sulfate is
100%, most of the research will put
the availability of ferrous carbonate
between 1 and 25 percent. If iron
availability is critical, ferrous sulfate
is the source of choice. According to
Fox et al. (1997), chelated forms of
iron have similar availability as
ferrous sulfate.

Managanese

The two most common manganese
sources for the feed industry are
manganous oxide and manganese
sulfate. Summarizing several
studies, it appears the availability of
manganous oxide is approximately
30-50% of manganese sulfate (Henry
et al. 1995). Early research
suggested that manganese-
methionine complex had 130% to
174% the value of manganous oxide
in chicks (Fly et al. 1989). However,
Baker and Halpin (1987) showed that
a manganese-protein chelate and
manganese sulfate had similar
availabilities in chicks. In general,
organic manganese sources have not
had enough of an advantage in
availability to justify the additional
cost.
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Selenium

Nearly all the inorganic selenium
added to animal feeds is in the form
of sodium selenite. Calcium
carbonate is used as a carrier which
facilitates more uniform mixing.
Recently the FDA has approved the
use of selenium-enriched yeast for
animal feeds. Mahan and Kim
(1996) reported that selenium-
enriched yeast raised the selenium
concentrations in serum, milk and
most tissues of gilts more than an
equal amount of selenium from
selenite. It remains to be
determined whether the selenium-
enriched yeast will be a more cost
effective selenium source than
selenite under practical production
situations.

Iodine

Calcium iodate is the predominate
iodine source in trace mineral mixes,
followed by ethylenediamine
dihydriodide and potassium iodide.
Miller and Ammerman (1995)
reported that all three sources of
iodine have a high availability for
animals.

Cobalt:

Cobalt is required in ruminant diets
for the synthesis of vitamin B ..
Consequently, for the cobalt source
to be effective it must be soluble in
rumen fluid. The two most widely
used cobalt sources, cobalt
carbonate and cobalt sulfate, are
both soluble in the rumen. Cobalt-
EDTA was similar to cobalt sulfate
bioavailability as measured by the
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vitamin B |, status of grazing lambs
(Millar and Albyt, 1984).

In summary, using
highly available trace
mineral sources will
become increasingly
important as we
continue to improve
the efficiency of animal
production. Knowing the
nutrient concentration and
availability are equally important
when comparing salt-trace mineral
mixes. In most cases, using a highly
available inorganic source will be
the most efficacious and cost
effective means of meeting the
requirement for the individual trace
minerals.
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