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Abstract

An assessment of the trace mineral status of ruminants begins with clear objectives. These may be to determine whether a
nutrient deficiency exists, to assess the prevalence of a deficiency, or to estimate the endogenous reserves of trace minerals. The
sampling size needed for assessment is a function of the herd size, expected prevalence of deficiency or toxicity, desired
confidence of the assessment tool, and the estimated standard deviation of the assessment criteria. The trace mineral status of
animals is best described by concentrations in liver. Correlation coefficients between concentrations of trace minerals in blood
and liver are highest in deficient animals because endogenous reserves are depleted. Concentrations of Zn, Cu, and Se in plasma
also are affected by infection, stress, pregnancy, and erythrocyte hemolysis. Because erythrocytes in cattle have a 160-d life span,
concentrations of trace minerals in whole blood change more slowly than those in plasma in response to changes in intakes of
trace minerals. Improvements in sensitivity of blood measures to assess trace mineral status await determination of the most
critical metalloenzyme activity. At present, metalloenzyme activities are seldom more useful than concentrations of minerals in
plasma and often are impractical because of loss of activity in shipment to the laboratory. Perhaps the ultimate assessment tool is
the response of animals to supplementation.
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Introduction

The most common reason to assess the trace mineral
status of ruminants is because performance is below
expectation. Accordingly, the assessment is done to
determine the presence or prevalence of nutrient
deficiencies (or toxicities) within a population. Assessment
also is done to evaluate efficacy of dietary supplementation
or to compare available supplements.

A critical part of assessment is the determination of the
most appropriate measurement criteria. Physiological
functions are progressively affected by deficiencies. For
example, loss of pigmentation occurs with intakes of Cu
that are sufficient for pregnancy maintenance and
hemoglobin formation. Pregnancy is not maintained by
intakes of Cu that prevent anemia. Furthermore, the
disruption to Fe metabolism caused by Cu deficiency does
not occur until after most other clinical signs have appeared
(Mills, 1987). However, economically important effects on
performance and health of animals can be affected by trace
element deficiencies even before clinical signs are evident.
Thus, the assessment will fail if inappropriate criteria are
selected. The purpose of this paper is to review various
methods of assessment for trace element status of ruminants

Discussion
Methods of Assessing Status
Diet analyses provide useful supporting data if repre-
sentative samples of all feeds can be obtained. Actual
chemical analyses need to be performed and should include

those elements with important interactions (e.g., Mo, S, and
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Fe). Tabular values and feed tags should not be relied on
for estimating trace element intakes. Other useful diet in-
formation includes the forage type, processing method, the
forage:concentrate ratio, addition of buffers or anionic salts,
protein level, and protein solubility.

Blood measures are frequently used in assessment
because they are significantly correlated to nutritional status
of some trace elements (Claypool et al., 1975; Levander,
1986; Mills, 1987), and blood is less invasive to sample
than liver. However, there are several limitations to blood
analyses. Because red blood cells in cattle have a life span
of about 160 d (Schlam, 1980), concentrations of minerals
in whole blood often change slowly. Homeostatic control
mechanisms can limit changes in concentrations of some
trace minerals in plasma until endogenous reserves are
substantially depleted (Miller, 1975). Also, careful handling
of blood samples is needed to prevent hemolysis and
contamination of plasma.

Liver is the organ that often represents the status of
several trace elements in animals (McDowell, 1992).
Ideally, biopsy samples are taken before and after
treatments are applied. Other tissues do not consistently
reflect trace mineral status. Analyses of minerals in milk
and urine are seldom useful in mineral assessment because
most cations in milk are actively transported into the
mammary gland and concentrations are regulated (Miller,
1975). Anions, (e.g., Mo and I) in milk are exceptions and
reflect dietary intake (Miller et al., 1975; Wittenberg and
Devlin, 1988). Values of Se and I in milk and urine could
have a role in indicating excess intakes if reference values
were established. Likewise, values for minerals in hair,
wool, and hoofs lack reference standards, are too slowly
responsive to intakes, and can be easily contaminated.



Sampling Size

Before the number of animals to sample within a
population can be determined, the goal of the assessment
must be clear. The goal may be to estimate the mean
concentration of a trace mineral in a tissue of a population,
to estimate the prevalence of a deficiency or toxicity within
a population, or to find if any deficient animals exist within
a population. If the goal is to estimate the mean, the sample
size (n) depends on the herd or group size (N) and the
standard deviation (SD) of the estimate. Examples of
changes in the needed sampling size were taken from a
table developed by Hancock (1996) and are given below.
To estimate the mean concentration of plasma Cu in a herd
of 200 cows, with a 95% confidence and within .5 SD,
requires an n of 15. Because the SD of plasma Cu
concentrations is large, an estimate within .3 SD of the
mean may be desired, which would require an n of 36. If
the goal is to determine the proportion of a population that
might be Cu-deficient, and if the proportion is suspected to
be less than 25%, for a 95% confidence and an N of 200, n
is 119. Finally, if the goal is to determine whether any
animals are Cu-deficient in a herd of 200, to be 95% certain
of detecting a 1% prevalence, n = 155. However, to have
95% confidence of detecting a deficient animal when the
prevalence is 5%, then n = 51. Thus, n is a function of the
confidence limits, prevalence, N, and SD. Sometimes
preliminary testing is needed to estimate the SD.

Copper

Suggested values for classifying the Cu status of cattle
are given in Table 1. The concentration of Cu in the liver of
ruminants is correlated to the bioavailable Cu in the diet in
ruminants (McDowell, 1992). In sheep, liver contains
approximately half of the total Cu in the carcass (Langlands
et al., 1984). In addition to bioavailable dietary Cu, the
concentration of Cu in the liver is affected by physiological
needs (e.g., fetal growth). In pregnant cows fed 5.5 ppm Cu,
liver Cu declined continuously until parturition during the
8-wk nonlactating period. However, dietary
supplementation of 10 ppm Cu prevented the decline in
liver Cu (Xin et al., 1993).

Liver of newborn ruminants normally contains high
concentrations of Cu (> 200 mg of Cu/kg liver DM;
Hidiroglou and Williams, 1982; Branum et al., 1998) that
are affected by maternal Cu status. For example, the
concentration of Cu in liver of fetuses from cows with > 25
mg of Cu/kg of liver DM was higher than that in liver of
fetuses from dams with < 25 mg of Cu/kg of liver DM
(Gooneratne and Christensen, 1989). Lambs with swayback
had 17 mg Cu/kg liver, compared to normal lambs with 109
mg Cu/kg liver (McC. Howell and Davison, 1959).

When Cu intakes of animals are less than physiological
needs, concentrations of Cu and activities of ceruloplasmin
(Cp) in plasma are not consistently reduced until liver Cu is
< 40 mg/kg (Claypool et al., 1975; Mills, 1987). Engle et
al. (1964) found a significant correlation (r = .57, P < .01)
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between concentrations of Cu in liver and plasma when
there was < 33 mg of Cu/kg of liver. Claypool et al. (1975)
suggested that plasma Cu values of .5 pg/mL or less are
indicative of low stores of Cu in liver.

Factors other than Cu intake affect the concentrations of
Cu in plasma. Copper in serum was higher at estrus than at
d 21 in nulliparous heifers (Small et al., 1997) and
depressed in beef cows on the day of calving (Small, 1997).
Xin et al. (1993) found plasma Cu was lowest at 5 wk prior
to parturition. Serum Cu values are increased by infection
(Etzel et al., 1982). Finally, Cu metabolism is influenced by
genetics, and significant differences exist among breeds of
sheep in concentrations of Cu in plasma and liver
(Woolliams et al., 1985).

Intakes of Zn, Fe, Mo, and S affect Cu utilization
(McDowell, 1992). Large intakes of Zn reduce
concentrations of Cu in plasma and liver of cattle and sheep
(Ott et al., 1966a; Kincaid et al., 1976; Kellogg et al.,
1989). Dietary Mo can inhibit uptake and utilization of Cu.
In the rumen, Mo combines with reduced sulfur to form
tetrathiomolybdate that binds Cu and prevents its
absorption. Other thiomolybdates and molydate are
absorbed into blood and bind endogenous Cu to render it
unavailable for metabolic purposes (Mason, 1982). In
plasma, Mo is bound to protein, removes Cu from liver, and
exacerbates urinary Cu loss, although some of the Cu-Mo
complex accumulates in the kidney (Kincaid and White,
1988). The presence of a Cu-Mo complex in plasma
explains why plasma Cu has been reported to increase in
ruminants consuming Mo (Suttle and Field, 1968) even
though liver Cu is being depleted and Cp activity is reduced
(Kincaid, 1980). The Cu-Mo complex in plasma is
precipitated by trichloroacetic acid (TCA; Paynter, 1982;]
thus, plasma samples should be treated with TCA prior to
Cu determination to prevent an overestimate of the Cu
status.

In plasma, 70 to 90% of the Cu is associated with Cp.
Accordingly, the activity of Cp is closely correlated with
serum Cu in cattle (r = .83) and sheep (r = .92; Blakely and
Hamilton, 1985). Ceruloplasmin is very stable and retains
activity in samples during shipment and handling. Activities
of Cp increase sharply around parturition (Kincaid and
White, 1988) and, as an acute phase protein, Cp increases
during infection (Etzel et al., 1982) unless the cows have a
marginal or low Cu status (Erskine and Barlett, 1993).
Activities of Cp are 18 to 35% lower in serum than in
plasma, and concentrations of Cu are approximately 14%
lower in serum than in plasma (Kincaid et al., 1986).

Erythrocytes have a labile fraction of Cu that is loosely
bound to protein and a more stable Cu fraction that includes
superoxide dismutase (SOD). Approximately 60% of the
Cu in erythrocytes is associated with SOD. Activity of SOD
is not a sensitive measure of Cu status because SOD
activity does not fall with deficient intakes of Cu until after
plasma Cu and Cp are reduced (Andrewartha and Caple,
1980; Ward and Spears, 1997; Gengelbach and Spears,
1998).



Cytochrome oxidase activity in neutrophils and other
tissues has been suggested as a potentially useful marker of
Cu status. However, cytochrome oxidase activity in
circulating leukocytes of sheep and cattle declined more
slowly than plasma Cu or Cp and therefore was less
sensitive to Cu status (Boyne, 1978). Neutrophils isolated
from heifers fed approximately 7 ppm Cu were less
effective at killing ingested bacteria than neutrophils of
heifers supplemented with 20 ppm Cu, although
phagocytosis and superoxide production were not affected
(Torre et al., 1996). Thus, the killing ability of neutrophils
may have a useful role in Cu assessment.

In beef calves, low Cu status has been associated with
the development of abomasal ulcers. Calves with abomasal
ulcers had 45 to 48 pg of Cu/g of liver, compared to control
calves with 245 pg of Cu/g (Lilley et al., 1985). These
investigators suggested the effect could be mediated via
impaired immunity in Cu-deficient calves or structural
weakness in abomasum of Cu-deficient calves. Lysyl oxi-
dase (LO) is a Cu-dependent enzyme involved in the for-
mation of cross-linkages in collagen and elastin that gives
structural strength to these tissues (Gallop et al., 1972).
Unless an assay for LO is developed for an easily sampled
tissue, use of LO in assessment would be difficult because
of the invasiveness required to obtain aorta, abomasums, or
other suitable tissue for assay.

Zinc

Suggested values for classifying the Zn status of cattle
are given in Table 2. In ruminants, concentrations of Zn in
plasma are reduced during a Zn deficiency. Cattle consum-
ing diets severely deficient in Zn (1.2 ppm dietary Zn) have
depressed concentrations of Zn in plasma within 36 h (Mills
et al., 1967). Neathery et al. (1973a) found plasma Zn was
reduced (.79 vs .96 ppm Zn) after 6 wk in cows fed 17 vs
40 ppm Zn. Sheep deficient in Zn had serum Zn values of
44 ng/mL, and serum Zn increased to .78 pug/mL when they
were given a ZnO supplement (Suliman et al., 1988). The
Zn-deficient sheep also had reduced alkaline phosphatase
activity and increased lactate dehydrogenase and displayed
wool biting. McDowell et al. (1991) surveyed 11 dairy goat
herds in Florida and found plasma Zn was lower in goats
with seasonal dermatosis (.54 vs .83 ug/mL). Previously,
Neathery et al. (1973b) reported that goats fed 4 ppm Zn
had .62 ug of Zn/mL of plasma and showed signs of Zn
deficiency.

Dietary concentrations of 600 ppm Zn nearly doubled
the concentration of Zn in plasma of calves (Ott et al.,
1966b; Stake et al., 1975). Heifers responded with higher
plasma Zn than steers (Ott et al., 1966b). Lambs fed diets
with 500 ppm supplemental Zn had 1.22 ug of Zn/mL of
plasma, compared to .95 ug of Zn/mL of plasma in control
lambs (Ott et al., 1966a).

Concentrations of Zn in plasma fluctuate with age,
stress, infections, and feed restriction. Plasma Zn is very
high (2.3 pg/mL) in newborn calves and drops to 1.2 ug/mL
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by 12 wk of age (Kincaid and Hodgson, 1989). Plasma Zn,
as part of an acute phase response, is initially reduced by
infection (Wellinghausen and Rink, 1998), only to become
elevated within a few days. Serum Zn also is decreased by
hyperthermal stress and ketosis in cows and is increased in
cows with mastitis and in older cows (Wegner et al., 1973).

The relationship between Zn intake and concentrations
of Zn in liver is affected by age of the ruminant (Kincaid et
al., 1976). Calves readily absorb and bind large amounts of
Zn as metallothionein (MT) in liver in response to elevated
Zn intakes (Kincaid et al., 1976). For example, diets sup-
plemented with 600 ppm Zn fed to young calves caused Zn
in liver to increase by 600% but did not affect Zn in liver of
mature cows (Kincaid et al., 1976). Once the added Zn is
removed from the diets of calves, concentrations of Zn in
liver return to normal within a few weeks (Kincaid and
Cronrath, 1979). There are four isoforms of MT, and in-
creased dietary Zn increases induction of both MT-Ia and
MT-II mRNA in liver and kidney tissue but not in the duo-
denum, muscle, or skin. Increased concentrations of MT-IA
protein account for most of the increased Zn in liver (Lee et
al., 1994).

Concentrations of MT in serum and erythrocytes may
be useful as indicators of Zn status that are less affected by
infection. Another potential measure of Zn status includes
the unused capacity of plasma to bind Zn. In calves fed 20
or 70 ppm Zn, there was no difference in plasma Zn con-
centrations, whereas the percentage of unsaturated plasma
Zn binding capacity reflected Zn intakes (Kincaid and
Cronrath, 1979). Other potential measures in blood for
determining Zn status include Zn concentrations in lympho-
cytes, granulocytes, and platelets. In human, these measures
were shown to be more responsive than plasma Zn to Zn
status (Prasad, 1998).

Among the various roles for Zn in immunity are gene
expression, mitosis, and apoptosis of lymphoid cells. Be-
cause DNA polymerase, the major enzyme regulating DNA
replication, is Zn-dependent (Shankar and Prasad, 1998),
proliferative responses of macrophages, T cells, or B cells
may have use as early indicators of Zn status. Engle et al.
(1997) found the cell-mediated immune response to phyto-
hemagglutinin was reduced in calves fed 17 ppm Zn com-
pared to calves fed 40 ppm Zn, even though Zn in plasma
and liver were not affected.

Selenium

Suggested values for classifying the Se status of cattle
are given in Table 3. Measures for estimating the Se status
of livestock include concentrations of Se in liver, serum,
and whole blood; glutathione peroxidase (GPx) activities in
erythrocytes and liver; and mRNA levels for GPx or hy-
droperoxide glutathione peroxidase (Kincaid, 1995). In
serum of cows, Se is associated with albumin, GPx, and
selenoprotein P (Awadeh et al., 1998). These various meas-
ures can lead to different interpretations unless the level and
chemical form of the dietary Se are considered. Whole
blood has a Se concentration that is approximately three



times higher than that in serum (Scholz and Hutchinson,
1979) and often is better for Se determination because any
hemolysis of the erythrocytes will cause serum to have a
false high value for Se (Maas et al., 1992).

Concentrations of Se in whole blood are responsive to
Se intake (Levander, 1986). Clinical deficiencies in rumi-
nants are associated with values of < 30 ng of Se/mL of
whole blood (Sheppard et al., 1984; Pehrson et al., 1986).
Based on mastitis resistance, Smith et al. (1988) recom-
mend that whole blood contain at least 200 ng of Se/mL.
For plasma, most researchers (Pehrson et al., 1986; Smith et
al., 1988; Gerloff, 1992) recommend that Se exceed 70
ng/mL.

Concentrations of Se in whole blood of newborn calves
and their dams are highly correlated (r = .74, P < .05; Kin-
caid and Hodgson, 1989). Cows in late pregnancy need 3 to
5 mg of Se/d to ensure adequate Se reserves in tissues of
newborns (Abdelrahman and Kincaid, 1995). Relatively
large amounts of Se are transferred from the dam to the
fetus during the last trimester of pregnancy; therefore, Se
levels in maternal blood are reduced unless Se intakes of
cows exceed 3 mg/d. The efficiency of maternal transfer of
Se to the fetus is affected by the chemical form of the Se in
the diet. Compared to selenite, more Se from selenome-
thionine is transferred from the dam to the fetus and into
milk (Kincaid and Rock, 1999; Knowles et al., 1999).

Concentrations of Se and activities of GPx are highly
correlated (r = .92, P < .001) in blood of sheep and cows (r
=.59, P < .001; Thompson et al., 1976), but the correlation
coefficients are reduced by Se supplementation. Activities
of GPx reported between laboratories are variable because
the assay is difficult to standardize and the enzyme is sub-
ject to deterioration with shipment (Stowe and Herdt,
1992). There also is considerable interlaboratory variation
in Se determinations; reported ratios of Se in whole blood
to serum range from 3.3:1 to 1.8:1 in replicate samples
(Waldner et al., 1998).

Between 4% and 9% of total body Se is in the liver of
sheep (Langlands et al., 1984), and liver tends to have the
highest concentration of Se among tissues. Hence, liver Se
concentrations are used as a measure of Se status (Table 3).
However, the largest body burden of Se is found in muscle.

Manganese

Suggested values for classifying the Mn status of cattle
are given in Table 4. Typical concentrations of Mn are 5 to
10 ng/mL of plasma in cows (Gibbons et al., 1976) and 1.8
to 4.0 ng/mL in sheep (Masters et al., 1988). Unfortunately,
concentrations of Mn in plasma are not good indicators of
Mn intake. Concentrations of Mn in the red blood cells are
higher than in plasma and have been used to assess status.
For example, cows fed diets with 8§ ppm Mn had 130 ng of
Mn/mL of whole blood, compared to 210 ng of Mn/mL of
whole blood in cows supplemented with 60 ppm Mn (Hidi-
roglou et al., 1978).

The liver efficiently removes Mn from plasma, whether
the Mn is as Mn>* or bound to 0, macroglobulin, but not
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Mn™ bound to the transferrin complex (Gibbons et al.,
1976). The Mn that is taken up by the liver is excreted
endogenously via the bile, and accumulations of Mn in the
liver often do not reflect dietary intakes of Mn. Although a
Mn-dependent SOD exists within cells, only the activity of
MnSOD in the heart has been significantly correlated with
intake of Mn (Masters et al., 1988).

Dietary Mn affects the concentration of Mn in bones
and other tissues. Calves of cows fed diets containing 16
ppm Mn had deformed bones and lower Mn concentrations
in bones, liver, kidney, blood, and gonads (Bentley and
Phillips, 1951). Calves fed milk containing .5 ppm Mn had
12 pug Mn/g of liver, compared to 22 ug Mn/g of liver in
calves supplemented with the equivalent of 15 ppm dietary
Mn. Supplementation also increased Mn in the rib shaft, but
not in the tibia (Carter et al., 1974).

Cobalt

Suggested values for classifying the Co status of cattle
are given in Table 5. Because the metabolic role of Co is as
a component of vitamin B, (Smith,1997), assessment of Co
nutriture often centers on measures of B, status, although
concentrations of Co in liver and performance response of
ruminants to Co supplementation also can be used in as-
sessment (McDowell, 1992). Vitamin B, is a cofactor for
the enzyme methylmalonyl-CoA mutase that catalyzes the
conversion of methylmalonyl-CoA to succinyl-CoA (Smith,
1997). In a vitamin Bj, deficiency, methylmalonic acid
(MMA) accumulates, and the elevated concentrations of
MMA in plasma (Rice et al., 1989; Kennedy et al., 1991)
and urine (Quirk and Norton, 1988) may be used for differ-
ential diagnosis. Sheep are more sensitive to the effects of a
Co deficiency than are cattle (Kennedy et al., 1995). The
upper limit for normal MMA in plasma is 2.0 umol/L in
cattle (Paterson and MacPherson, 1990) and 5.0 umol/L in
sheep (Rice et al.,, 1989). Concentrations of MMA in
plasma are elevated in the early stages of a Co deficiency in
sheep, preceding the onset of loss of production and clinical
signs of the disease (Rice et al., 1989). Although some
MMA may arise from the rumen, increased MMA still
indicates a functional B, deficiency (Rice et al., 1989;
Paterson and MacPherson, 1990).

Concentrations of vitamin B, in liver, but not in serum,
reflect the body’s reserve. Serum B, concentrations are not
a good measure of B, status because they change very
rapidly with Co intake and they also are increased by liver
disease, stress, and starvation (Paterson and MacPherson,
1990). Thus, the correlation between vitamin B, in serum
and liver is often low unless the sheep are severely defi-
cient. Vitamin B, concentrations in plasma are a passive
marker of Co and vitamin B, status, because B, in plasma
is bound to transcobalamins that have no active role. Dur-
ing the assay for By, in plasma of cattle, a large proportion
of total plasma B, is not released from transcobalamin I,
the prinicipal By, carrier protein in bovine plasma (Price et
al., 1993).



Another measure of vitamin B, status arises from the
enzyme methionine synthetase, which transfers methyl
groups in the folic acid cycle (Smith, 1997). A deficiency of
vitamin B, subsequently impairs conversion of formimino-
glutamic acid (FIGLU) to glutamic acid (Smith, 1997).
Hence, FIGLU accumulates and the increased concentration
of FIGLU in urine is an indicator of Co deficiency (Quirk
and Norton, 1988). Finally, in a vitamin B, deficiency
there are increased concentrations of branched-chain fatty
acids in the carcass (Kennedy et al., 1994). No suggestion
has been made concerning how to incorporate this change
in fat deposition into the assessment of Co status.

Iron

Suggested values for classifying the Fe status of cattle
are given in Table 6. Iron deficiencies, except in young
ruminants (Mollerberg, 1975) and milk-fed calves (Matrone
et al., 1957), do not normally occur in ruminants. Concen-
trations of Fe in liver and spleen increase in cows until 6 yr
of age (Blum and Zuber, 1975). Iron depletion is normally
divided into three stages: stage 1 is depletion of tissue Fe
reserves; stage 2 is characterized by reduced serum Fe and
increased total Fe binding capacity; and stage 3 is charac-
terized by anemia (Johnson, 1990). Stage 1 Fe deficiency is
the most difficult to diagnose but can be assessed by deter-
mining concentrations of ferritin in serum (Johnson, 1990).
Stage 2 Fe deficiency can be determined from the reduced
concentrations of Fe in serum that precedes development of
anemia.

Iodine

Suggested values for classifying the I status of cattle are
given in Table 7. lodine deficiencies can occur in ruminants
in areas of endemic low I in soils or in ruminants fed unio-
dized salt and feeds containing goitrogens (McDowell,
1992). Assessment of I status is done by measurement of
serum I, protein-bound I, thyroxine (T,), or the presence of
goiter (McDowell, 1992). Concentrations of I in plasma are
significantly affected by dietary I but also increase in the
weeks prepartum and decline immediately postpartum
(Aumont et al., 1989). Maternal plasma I can be more use-
ful than T, for assessment in gestating ruminants, because
low I intakes during pregnancy can result in goiter in new-
born lambs even though serum T, of the dam may not be
affected by the temporary low I intake (Azuolas and Caple,
1984). The concentration of I in milk reflects dietary intake
of I; however, there also is a seasonal pattern of milk I
concentrations not associated with I intake (Azuolas and
Caple, 1984). An obvious limitation to milk I for I assess-
ment is that the fetus is most sensitive to maternal I status
during late gestation, a time when the dam is not lactating.
Urinary I excretion is used in I assessment of human popu-
lations (Boyages, 1993) and could have use in assessment
of livestock (Aumont et al., 1989) if standards were devel-
oped.
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Molybdenum

Molybdenum is a trace element with known functions
(i.e., activities of sulfite oxidase, xanthine dehydrogenase,
and aldehyde oxidase; Johnson, 1997), but a nutritional
deficiency of Mo has not been reported in livestock
(McDowell, 1992). Assessment of Mo status is usually
concerned with Mo toxicity or conditioned Cu deficiency
(see the section on copper above). Molybenum-induced
effects on health of livestock are more likely to occur in
ruminants than in nonruminants because the Mo can com-
bine with reduced S to form thiomolybdates in the rumen,
thereby reducing absorption of Cu, leading to a conditioned
Cu deficiency (McDowell, 1992). Because no nutritional
deficiencies of Mo under practical conditions have been
reported in ruminants, no estimates are available on mini-
mum values for Mo in blood and tissues. Soluble forms of
dietary Mo are readily absorbed by animals and cause Mo
concentrations in serum, whole blood, milk, liver, and kid-
ney to be increased severalfold (Kincaid and White, 1988;
Wittenberg and Devlin, 1988).

Summary

Assessment begins with clear objectives. Next, the ap-
propriate measurement criteria must be determined and the
sampling size must be estimated. Possible sources of sam-
ple contamination should be identified and steps taken to
avoid them. Accurate assessment of the trace mineral status
also requires valid laboratory analyses and critical interpre-
tations. Concentrations of trace elements in liver best repre-
sent endogenous stores; however, blood is most frequently
analyzed because of the relative sampling ease. Concentra-
tions of trace elements in blood are reduced in clinically
deficient animals but may not reflect marginal status. Im-
proved blood tests that are based on immunity or reactive
pools of trace elements await development.

Implications

Deficiencies and imbalances of trace elements can af-
fect productivity of ruminants. Whereas improvement in
feed intake can occur quickly in response to zinc or cobalt
supplementation, productivity responses to copper or sele-
nium may be slower to become evident by improved health
of newborns, greater resistance to mastitis, or increased
weaning weights of calves. Assessment of trace element
status identifies whether current mineral supplementation of
livestock is adequate and whether improved productivity is
likely to occur with changes in supplementation.
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Table 1. Criteria for classification of cattle on copper
in liver and plasma®
Cuin liver, pg/g Cu in plasma,

Diet DM ue/mL
C.hmcally defi- <20 <2
cient

Deficient <33 2t0.5
Marginal 33to 125 Sto.7
Adequate 125 to 600 Jt0.9
High 600 to 1,250 9to 1.1
Toxic > 1,250 >1.2

*Adapted from Puls (1988) and Wikse et al. (1992).
PRanges for liver Cu associated with toxicosis seem variable and have

not been definitively established.

Table 2. Criteria for classification of cattle on zinc
in plasma and liver”

Status Zn in liver, ng/g Zn in plasma,
DM pg/mL
Deficient <20to 40 2t0 4
Marginal 25t040 Sto.8
Adequate 25 to0 200 Btol4
High 300 to 600 2t05
Toxic > 1,000 3to 15

*Adapted from Puls (1988).

Table 3. Criteria for classification of cattle on selenium in blood and liver®

Classification Se in whole blood, Se in liver of adults, Se in liver of newborns,
ng/mL ug/g DM ug/g DM

Severely deficient <60 dto.5 <l1.1

Marginally deficient 60 to 200 .6to 1.25 1.1t02.2

Adequate 210 to 1200 1.25t0 2.5 2.3t08.0

High adequate > 1,200 >2.5

*Adapted from Sheppard et al., 1984; Pehrson et al., 1986; Puls, 1988; Van Saun et al., 1989; Gerloff, 1992;
Dargatz and Ross, 1996; and Knowles et al., 1999.

Table 4. Criteria for classification of cattle on manganese
in blood, serum, and liver®

Status Mn in whole Mninserum  Mn in liver
blood ng/mL ng/mL ug/g, DM
Deficient <20 <5 <7
Marginal 20 to 60 5t06 7to 15
Adequate 70 to 200 6to 70 > 13

*Adapted from Rojas et al. (1965) and Puls (1988).
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Table 5. Criteria for classification of cattle on metabolites in serum, liver, and urine®

10

Serum Liver Urine
Status B, ng/L MMA", umol/L. FIGLU, umol/L° By, ug/g, wetwt MMA, mg/L FIGLU, pmol/L
Deficient 100 >4 100 to 200 .04to0 .15 30 to 150 50 to 2,000
Marginal 100 to 200 2to4 .15t0 .30
Adequate 200 <2 0 .30 t0 2.24 <25 0to 10

*Adapted from Puls (1988), Quirk and Norton (1988), and Paterson and MacPherson (1990).
® MMA = methylmalonic acid.

“ FIGLU = formimino-glutamic acid.

Table 6. Criteria for classification of cattle on iron and ferritin in tissues®

Status Fe in liver, ug/g Fe in Kidney, Fe in Serum, Serum ferritin,
wet wt pg/g wet wt png/100 mL ng/mL
Deficient <40 <20 15-120 2-10
Adequate 45-300 30-150 130-250 30-50
High 53-700 49-300 400-600 > 80

“Adapted from Puls (1988).

Table 7. Criteria for classification of cattle on iodine in tissues®

Total I in Protein
serum, bound I, Urinary I, Serum T4,
Status ug/100 mL ug/100 mL Milk I, pug/L ug/100 mL ng/mL
Deficient 1-5 3-5.3 8-25 NA® < 7-30
Adequate 1040 4.6-12.8 30-300 10-25 20-100
Excessive 70-300 20-100 500-3,500 > 50 34-120

*Adapted from Puls (1988).
°Not available.

Proceedings of the American Society of Animal Science, 1999



