
PERIODICALLY, there have
been reviews in the scientific lit-
erature on this subject. In 2000,
authors published an extensive
discussion on this topic with data
from the nutrition and toxicology
sections of the Animal Health Di-
agnostic Laboratory at Michigan
State University. The authors are
Thomas Herdt, Wilson Rumbei-
ho, and Emmett Braselton. While
it is geared for the practitioner, a
brief excerpt will follow with help-
ful points for dairy producers.

Variation is big . . .
Factors influencing blood min-

eral analyses include: random bi-
ological variation, genetic varia-
tion, circadian (24-hour cycle) or
prandial (after feeding) variation,
variation associated with physi-
ological stage (growth, pregnan-
cy, lactation, and so forth), varia-
tion associated with pathological
state (the effect of existing dis-
ease), artificial variation due to
sampling or sample-handling
technique, analytical variation,
and environmental variation (in-
fluences external to the animal,
including nutrition).

Most laboratories that conduct
blood mineral analyses provide a
standard range for the mineral that
may represent 80 percent or more

of the values commonly determined.
The herd component of variation

can account for from 33 to 69 per-
cent of the total variation in calci-
um, magnesium, copper, and sele-
nium. This variation is divided be-
tween among-herd variability —
the environmental factors associ-
ated with specific herds — and
within-herd variability — depen-
dent on the grouping of animals
for sampling by age, pregnancy
stage, and stage of lactation.

The report’s authors comment-
ed that the most common mistake
is to take a few samples for nu-

tritional evaluation from cows in
each stage of early lactation, mid-
lactation, and dry period. This re-
sults in not enough samples in
any one stage to make meaning-
ful statistical comparisons.

Calcium
Blood calcium generally is an in-

effective means of assessing calci-
um status. Reasons include the
large calcium store in the bone and
the sensitive mechanism for regu-
lating blood calcium levels. Sam-
pling for blood calcium generally
was not  recommended except dur-
ing the first 12 hours after calving
when serum calcium concentra-
tions of 7 mg/dL (milligrams per
deciliter) or less indicate subclini-
cal hypocalcemia that can be ad-
dressed by dietary adjustments.

Phosphorus
Phosphorus exists in both or-

ganic and inorganic forms in blood
serum with the latter being most
pertinent nutritionally. Phospho-
rus is not mobilized from bone by
low blood levels but is released in
association with calcium mobi-
lization. Thus, serum inorganic
phosphorus levels may be more
closely related to dietary phos-
phorus. Sampling site and pro-
longed exposure of serum to blood

cells can affect values by 1 mg/dL.
The biggest problem with blood
phosphorus sampling is failure to
separate serum from the blood clot
in a timely manner.

Magnesium
Magnesium concentration is a

relatively good indicator of nu-
tritional status because absorp-
tion depends primarily on dietary
concentration and interactions
with other dietary components. If
magnesium absorption exceeds
requirements, the excess is ex-
creted in the urine.

Blood samples for magnesium
testing should be from serum in

which the blood clot is removed
within two hours after sampling.
Magnesium and selenium proba-
bly are the two minerals for
which blood concentrations are
best associated with adequate di-
etary levels.

Selenium
Selenium appears to be ab-

sorbed from the gut primarily
based on its dietary availability.
Serum selenium concentration
changes rapidly (the half-life in
humans is 6.6 hours) with short-
term changes to be expected. This
can result in rapid fluctuations
with small dietary changes. That’s
why blood serum selenium levels
have a major limitation as a nu-
trition assessment tool.

Whole blood selenium is more
stable than serum. It also reflects
long-term selenium intake and is
less affected by pregnancy/lacta-
tion. Thus whole-blood selenium
is preferable, but you must avoid
hemolysis in the sample.

Zinc
Blood analysis for zinc is an in-

sensitive measure because zinc is
controlled at the level of absorp-
tion. Zinc fed in excess of re-
quirements is not excreted
through the blood pool. Most zinc
(80 to 90 percent) is present in
red blood cells and is quite resis-
tant to depletion. It remains in a
normal range even in conditions
of clinical zinc deficiency. This
makes serum or plasma as the
sample of choice for evaluation of
zinc status from blood samples.

The major nonnutritional
source of variation in serum zinc
is inflammatory mediators stim-
ulating the transfer of zinc out of
serum and into tissues, especial-
ly the liver. A major nonphysio-
logical source of variability in
serum zinc is leaching of zinc
from rubber stoppers or syringe
plungers into the sample. You
should use appropriate stoppers,
such as silicon rubber.

Copper
Plasma and serum copper val-

ues are comparable, and either is
an acceptable sample for moni-
toring copper concentration. But
plasma copper concentration may
not accurately reflect copper sta-
tus since the liver accumulates
copper but releases it into the cir-
culation when copper intake is in-
sufficient or when animals are
stressed such as in transporta-
tion, extreme weather conditions,
advanced pregnancy or lactation.

Only when copper stores are ex-
hausted may serum copper con-
centration begin to decline. Also,
plasma copper may not be
bioavailable if the animals are on
a high sulfur intake. The best way

to monitor copper status involves
liver biopsy sampling from indi-
vidual animals . . . not practical
in most dairy operations.

Plasma copper is regarded as
more useful in monitoring herd
copper status. For this purpose,
it is recommended that at least
13 animals be sampled.

Copper toxicity can occur when
the dietary dry matter contains
more than 100 mg/kg (ppm) for
adult cattle but only 50 mg/kg
(ppm) for calves. Plasma or serum
copper concentration is not influ-
enced by collection methods or the
type of sampling, as are other
serum elements such as zinc,
phosphorus, or iron.

Reference ranges for adequate and
deficient cattle serum concentra-
tions of selected minerals are:

Working in concert with your
veterinarian, blood mineral con-
centrations can be useful means of
evaluating and assessing nutri-
tional status, but there are signif-
icant limitations. These limitations
are related to specific minerals,
minimizing nonnutritional varia-
tion, proper sampling protocol, re-
moval of serum from the clot with-
in two hours, sampling adequate
numbers of animals, and evaluat-
ing the herd mean and standard
deviation or range of values to min-
imize the effect of random varia-
tion on interpretation.

Tri-State Nutrition dates
Meeting: 2002 Tri-State Dairy

Nutrition Conference
Dates: April 16 and 17, 2002
Location: Grand Wayne Conven-

tion Center and adjoining Hilton
Hotel (800-445-8667) in downtown
Fort Wayne, Ind.

Topics: Ration formulation and
mixing, recent nutrition research,
fine-tuning of rations, and an Arm
& Hammer preconference sym-
posium and financial aspects of
nutrition

For more information: http://
www.ag.ohio-state.edu/-ansci/
tristate or call Dr. Maurice East-
ridge or Mrs. Amanda Hargett, De-
partment of Animal Sciences, The
Ohio State University, 2027 Coffey
Road, Columbus, OH 43210, (614)
688-3143. You may also contact Dr.
Herb Bucholtz, Michigan State
University (517) 355-8432; or Dr.
Timothy Johnson, Purdue Univer-
sity (765) 494-4810.
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Indicative
Adequate of

Mineral range deficiency

Calcium, mg/dL 8.5-11.0 >7.0
Phosphorus, mg/dL 4.5-8.0 >3.5
Magnesium, mg/dL 2.0-3.5 >1.5
Copper, mg/mL 0.6-1.5 >0.45
Zinc, mg/mL 0.8-1.4 >0.5
mg/dL = milligrams per deciliter
mg/mL = milligrams per milliliter

SO MANY FACTORS BEYOND NUTRITION influence blood mineral levels that it is dif-
ficult to use them effectively as a diagnostic tool. Sample handling is important.
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