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In the previous column the subject of
copper (Cu) nutrition was introduced.
Biologic roles of Cu in body functions and
disease conditions resultant from either Cu
deficiency or toxicity were described.
Copper was identified as an essential
nutrient that has a very narrow range
between deficiency and toxicity for llamas
and alpacas, similar to sheep. The objective
of this column is to complete our
understanding of Cu nutrition by defining
what is known about its requirement,
addressing appropriate supplementation
practices, and monitoring of copper statusin
keeping llamas and al pacas healthy.

Requirements

Defining a“true’ requirement,
meaning how many milligrams (mg) per day
to support a given physiologic state, for a
trace minera isdifficult at best. Often a
trace mineral requirement is described in
terms of dietary concentration, namely parts
per million (ppm). Ideally atrace mineral
requirement would be defined in terms of
how many mg of mineral were needed to
support specific physiologic states such as
mai ntenance, pregnancy, lactation, growth,
and work/activity. Obviously to determine
such needs, specific feeding trials must be
completed. The recent National Research
Council (NRC) publication for small
ruminants has not defined specific mineral
requirements for Ilamas and alpacas, as there
are no published studies defining feeding
protocols specific to llamas and alpacas
(NRC, 2007).
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Based on clinical reports of Cu-
associated disease conditions, it appears
camelids are not significantly different from
other speciesrelative to their Cu
requirement; other than a concern for
sengitivity to Cu toxicity similar to sheep.
Assuming no inherent differences among
species, minera requirements for beef cattle,
sheep, and goats can be used to generate
camelid requirements. The small ruminant
NRC recommends mineral requirements
defined for sheep as appropriate for llamas
and alpacas. Using the requirements from
beef cattle, sheep, and goats an averaged
requirement of 0.15 mg per kg of body
weight was derived (Van Saun, 2006). This
would calculate to adaily Cu requirement
between 9 and 24 mg/day for |lamas or
alpacas varying in body weight from 130 to
350 Ibs. Assuming a dietary intake of 1.25 to
1.5% of body weight, suggested dietary Cu
content should be between 9 and 12 ppm
(dry matter basis). This determination is
consistent with Cu requirements for other
species and accounts for aslightly lower
intake capacity, which increases dietary
concentration slightly.

Copper Availability and Metabolism

In the more recent NRC publications,
mineral requirements have been adjusted for
variable availability from dietary
ingredients. It has been shown that minerals
within forages are not as available for
absorption as from mineral sources.
Compounds such as oxalates and phytatesin
forages can bind minerals reducing their
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availability. Copper availability in fresh
pasture islower than from hay. When the
plant is harvested some breakdown of
compounds facilitates the release of Cu
making it more available. As with many
other minerals, there are many documented
interactions between minerals that can alter
availability. Relative to Cu, high dietary iron
(Fe), zinc (Zn), and calcium (Ca) can reduce
Cu availability. Ironis high in soil and soil
consumed by grazing animals may
contribute to the observed lower Cu
availability from pasture.

Interactions affecting Cu availability
have been well studied asaresult of a
unique situation in ruminant animals.
Bacteriain the fermentation vat (rumen or
camelid C-1) can combine dietary
molybdenum (Mo) and sulfur (S) to produce
compounds termed thiomolybdates. These
thiomolybdates chelate or bind Cu in the
fermentation vat and prevent Cu from being
absorbed in the intestine. Even if absorbed,
the chelated Cu is not available for use by
tissues. For any ruminant animal, including
Ilamas and alpacas, availability of dietary
Cu will be significantly influenced by
dietary Mo and S content. In thisregard,
often the Cu requirement is defined relative
to dietary Mo as a Cu-to-Mo ratio. For sheep
and camelids that are more sensitive to Cu, a
suggested dietary Cu:Mo ratio of 6t0 10:1is
recommended. A Cu:Mo ratio of 16:1 or
greater is often associated with Cu toxicity
problems (Pugh, 1993).

Feeding Recommendations

With the requirement numbers
presented, one needs to provide sufficient
amounts of Cu from the diet without greatly
exceeding this requirement and potentially
inducing toxicity. The chalenge hereis
remembering dietary Cu is contributed by
every ingredient fed to some extent. Thisis
where many people become confused. As

previously stated, daily Cu requirement on a
dietary concentration basis is between 9 and
12 ppm. However, many feed ingredients
can contain much higher Cu content, for
example mineral supplements might contain
between 30 and 600 ppm Cu. Does this
mean these feed ingredients are toxic?
Possibly, but only if they were fed asa sole
feed source (not practical or realistic) or in
combination with other feed ingredients
with high Cu content. Each feed ingredient
will contribute to the overall total dietary Cu
content, but only to the proportion of the
total diet theindividual feed represents.

In Table 1, anumber of examples are
provided to demonstrate the concept of
ingredient contribution to dietary Cu
content. For these examples, three feed
ingredients (hay, pellet, and mineral)
comprise the total diet. The same amount of
hay (3.25 Ibs/day), pellet (0.5 Ib/day), and
mineral supplement (0.015 Ib/day or 0.25
0z/day) are provided in each example for
simplicity and only Cu content isvaried. In
these examples it can be seen that hay
provides the largest amount of dietary Cu
even though it has the lowest Cu content.
Thisisadirect result of hay being the
largest proportion of the total diet. Example
1 shows Cu intake (21.2 mg/day) and dietary
content (12.4 ppm) are in line with estimated
requirements (20.4 mg/day; 12 ppm) for the
defined animal (see table legend). In
example 2, the pellet Cu content isincreased
from 26 to 46 ppm, yet dietary Cu intake
and content are not greatly increased. Some
are concerned about the Cu content of the
mineral supplement, yet example 3 shows
the mineral Cu reduced from 300 to 30 ppm,
but Cu intake is reduced only by 2 mg/day.
Of greatest concern isthe situation in
example 4 where hay Cu content increases
from 9 to 25 ppm. In this situation, daily Cu
intake and dietary content is greatly
increased and, depending upon dietary Mo
status, could potentially lead to Cu toxicity
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problems. Hay Cu content typically is
between 4 and 14 ppm, though much higher
Cu concentrations are being observed more
frequently in many regions of the U.S. High
forage Cu content may be the result of
inappropriate fertilization practices,
especially if poultry or pig manure are used.
Dietary Cuisvery highin poultry and pig
diets, which accounts for the higher manure
Cu content. Another concern is the use of
copper sulfate footbaths on dairy cattle
farms and the spread of this material on
croplands. Given these situations, it is
important for you to know just how the
forages you purchase are raised or you need
to test your forages to assess Cu status.

Given these dietary examples, it is
imperative that all potential sources of Cu be
accounted for in the diet to ensure adequate,
but not excessive, Cu is consumed. As
previously described, dietary Mo isan
important factor to address in assessing
dietary Cu status. From these examples both
dietary ingredient Cu content and intake
amount need to be considered. If testing feed
ingredients for Cu content, one should also
have Mo and S content determined. In
feeding appropriately for Cu, one should
first evaluate forage Cu content then match
pellet and mineral supplement accordingly.
If your pellet product contains more than 50
ppm Cu, then you may wish to use amineral
supplement with low (<100 ppm) Cu. If
your hay has a Cu content greater than 15
ppm, then you may need to feed a pellet
with lower Cu content and alow Cu
mineral. It must be remembered that high
dietary Cu intake does not guarantee that a
toxicity event will occur. Most reported
toxicity cases are associated with dietary Cu
content exceeding 25 to 30 ppm and a high
(>16:1) Cuto Mo rrétio.

Monitoring Cu Status

With concerns for disease related to
either Cu deficiency or toxicity, methods to
assess Cu status are of interest. Copper can
be directly determined in serum, plasma, or
liver samples. Serum or plasma Cu
concentrations are most easily obtained and
determined, though interpretation relative to
dietary statusis confounded. Only very low
(<0.1 pg/ml) or very high (>5 pg/ml) blood
Cu concentrations are diagnostic. Values
within the normal reference range (0.3t0 0.8
pg/ml) could also be associated with
marginally deficient or excessive dietary Cu
intake. Liver Cu concentration is considered
the best measure of dietary Cu status, but
requires an invasive liver biopsy to obtain a
sample. If an animal dies from unknown
causes, a sample of liver and kidney should
be obtained for Cu concentration
determination. Liver Cu concentrations
below 25 ppm (dry weight basis) or above
500 ppm (dry weight basis) are suggestive
of deficiency or toxicity, respectively.

Beyond Cu concentration
determinations, Cu status can be assessed by
measuring activities of Cu-specific enzymes.
Ceruloplasmin activity in blood is a measure
of Cu status, but it isinfluenced by
infectious conditions, thus confounding their
interpretation. Whole blood super oxide
dismutase enzyme activity has also been
associated with Cu status, though this
enzymeis aso influenced by zinc status.
Enzyme activities are not very sensitive to
dietary changes as their activities are highly
conserved by the body in the face of
deficiency. They also do not reflect toxicity
situations. Availability of laboratories
capabl e to measuring these enzymes and
having reference values for llamas and
alpacas are limited. At this point, serum Cu
concentration should be used as a screening
tool to assess Cu status. This measure should
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be evaluated in conjunction with dietary Cu
and Mo content.
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Tablel. Contribution of individual feed ingredients (hay, pellet, mineral supplement) to total
dietary copper (Cu) content. For comparison in the following examples daily Cu
requirement for a 300 Ib adult llamais 20.41 mg/day. Dietary Cu content can vary
from 9 to 12 ppm assuming atotal intake of 1.5 and 1.25% of body weight,

respectively.
Example 1 Forage Pellet Mineral Total Diet
Intake, |b/day 3.25 0.5 0.015 3.77
Cu, ppm 9.0 26 300 12.4
Cu, mg/day 13.27 5.90 2.04 21.21
Example 2 Higher pellet Cu content
Intake, |b/day 3.25 0.5 0.015 3.77
Cu, ppm 9.0 46 300 15.1
Cu, mg/day 13.27 10.43 2.04 25.74
Example 3 L ower mineral Cu content
Intake, |b/day 3.25 0.5 0.015 3.77
Cu, ppm 9.0 26 30 11.34
Cu, mg/day 13.27 5.90 0.20 19.37
Example 4 Higher forage Cu content
Intake, |b/day 3.25 0.5 0.015 3.77
Cu, ppm 25 26 300 26.23
Cu, mg/day 36.85 5.90 2.04 44.79
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