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What is a Metabolic Profile Test (MPT)?

The term implies a battery of tests that yields in-
formation about the status of one or more metabolic
functions. In dairy-cow veterinary practice the term
was first made popular by the “Compton Metabolic
Profile Test,” which was described in the early
1970s.1%22 The Compton MPT created interest and gave
notoriety to the idea of dairy-herd MPT, but the tech-
nique as described appeared to be of limited useful-
ness and never became widely popular.? However, the
interest in and the idea of MPT have never gone away.
We believe this is because a need exists for a means of
metabolic and nutritional assessment of dairy herds
that goes beyond ration evaluation. Evaluation of ru-
minant diets is complex and involves considerable un-
certainty, as illustrated by recently developed
computerized models of ruminant digestion. Because
of this uncertainty, techniques for monitoring cow re-
sponses to dietary changes are necessary complements
to ration evaluation. This is because the dairy cow is
the ultimate “model” in dairy nutrition. Monitoring
techniques are particularly valuable if they can detect
metabolic and/or nutritional changes before they are
manifest in clinical disease or reduced productivity.

All techniques that monitor changes in metabolic
or nutritional status could reasonably be considered part
of a “metabolic profile” or MPT. This would clearly in-
clude examination of such variables as body condition
score, milk composition, urine pH, and fecal consistency.
These variables are monitored in many dairy herds cur-

rently and should be considered the basic MPT. The
emphasis of this discussion, however, will be on blood
components as variables in the MPT. We hope, how-
ever, that no one loses sight of the importance of non-
hematogenous components of metabolic monitoring.

The Difference Between Disease Diagnosis and
Metabolic Profile Testing

There is an important distinction between labora-
tory testing for disease diagnosis, and MPT as the term
is used in a production-medicine context. Laboratory
testing, of course, is an important aid in disease diag-
nosis, but the technique and objectives of laboratory test-
ing for disease diagnosis are different than those for
MPT. Disease diagnosis implies that animals being
tested are clinically abnormal, i.e. are diseased. Dis-
ease diagnosis may require testing only a small num-
ber of animals, perhaps even one if identified at an
appropriate stage of the disease. Once a diagnosis has
been established, nutritional decisions about the herd
may need to be made. These are based on the existence
of disease, not directly on blood components, which may
be widely outside of reference ranges. Metabolic profile
testing, on the other hand, implies that animals being
tested are clinically normal and that nutritional deci-
sions are based directly on blood-component variables.
Metabolic profile testing usually requires testing a larger
number of animals than does disease diagnosis. In ad-
dition, more effort is usually required to select the opti-
mal group of animals to test.
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The Basis of Metabolic Profile Testing

The concept of measuring hematogenous variables
as part of an MPT assumes that blood composition will
change in response to the metabolic status of the ani-
mal. This is a sound concept supported by volumes of
physiological research. Examination of journals of ag-
ricultural or physiological research will reveal that
blood is frequently sampled to track and evaluate meta-
bolic and physiological changes. The major difference
between these experimental studies and the applica-
tion of MPT is the ability to control variables affecting
the populations from which the samples are taken. Re-
search workers go to great length to assure that the
populations studied are uniform in as many regards
as possible, except for the application of some experi-
mental treatment. Because the populations are uni-
form, differences among them are assumed to be due
to differences in treatment. Variation that cannot be
controlled by standardizing the populations is ac-
counted for by using multiple animals and applying
statistical analysis to the data. The challenges in MPT
are two: 1) understanding the complex biology affect-
ing blood composition and 2) dealing with the varia-
tion that exists in animal populations under
commercial conditions.

Interpretation of MPT

Biological factors

Complex metabolic relationships determine the
concentrations of various elements and metabolites in
blood. These relationships may not be straightforward,
and must be understood and considered when interpret-
ing test results. For example, serum iron is affected not
only by the dietary availability of iron, but also by the
concentration of transferrin in the serum. Transferrin
is a short-half-life protein and its production is influ-
enced by the metabolic availability of amino acids.
Therefore, low serum iron concentration might signify
insufficient availability of dietary iron. Alternatively,
low serum iron concentration might indicate an insuffi-
cient supply of dietary protein, leading to an insuffi-
cient supply of amino acids for transferrin production.
These types of complex relationships between diet and
blood-component concentrations make it imperative that
considerable thought be put into the metabolic inter-
pretation of MPT.

Statistical factors

Statistics is the science that deals with variabil-
ity. It is an essential part of MPT interpretation, but
the statistics of MPT require further development. In
this presentation, we will introduce some new methods
potentially useful in evaluation of MPT results. These

methods appear to provide a simple, but fresh, outlook
on the interpretation of MPT.

Values from MPT must be interpreted in some
frame of reference. Clinicopathological values for dis-
ease testing are interpreted in reference to a range of
“normal” values. The normal range is chosen to repre-
sent the expected range of values in clinically normal
animals. Frequently, the values for diseased animals
fall dramatically outside of the normal range, often
making disease diagnosis reasonably straightforward.
In contrast, for the purposes of MPT animals selected
for testing should be clinically normal. Therefore, blood
element and metabolite concentrations might be ex-
pected to fall within the normal range, as defined for
clinicopathological testing. Interpretation of MPT must
then be made within the range of values observed in clini-
cally normal animals.

One approach to this problem is to define another
type of “normal” range to be used in the interpretation
of MPT. Ideally, this range should be based on some
herd-level measurement, rather than on individual ani-
mals. For the Compton Metabolic Profile Test, the nor-
mal range for herd means was described as the range
of two standard deviations on either side of the mean
of means of a reference population of herds.'”!®* The
problem with this approach is that it requires identi-
fying a suitable population of reference herds, conduct-
ing extensive laboratory testing on them, and
describing the statistical distribution of the mean val-
ues from those herds. Such information is simply not
readily available.

A more common approach has been to define ei-
ther empirically or epidemiologically ranges of ad-
equate blood concentrations, based on disease risk.
Herd or individual cow values are then interpreted in
a discrete manner: they are classified as either “nor-
mal” or “abnormal,” “adequate” or “deficient” based on
whether they lay inside or outside of the reference
range. This approach ignores the fact that blood con-
centrations are continuous variables, and their rela-
tionship to disease risk is usually continuous. For
example, it is known that the postpartum risk of dis-
placed abomasum and metritis in fresh cows is directly
associated with the prepartum plasma concentration
of non-esterified fatty acids (NEFA). This relationship
is continuous and has been described by logistic re-
gression.?!® The relationship does not say a threshold
plasma NEFA concentration exists, above which the
cow is almost certain to get a displaced abomasum.
Rather, it says that as the plasma NEFA concentra-
tion goes up, so does the risk of displaced abomasum,
without reference to a specific cutoff value. Therefore,
for plasma NEFA and most other MPT variables, moni-
toring change is just as important, if not more impor-
tant, than measuring point values in time.
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An industrial concept known as “Statistical Pro-
cess Control” exists to aid managers in monitoring
change and variation over time in manufacturing and
other commercial processes. Some of the tools of Statis-
tical Process Control may be valuable for MPT. The
major tool is called a “Process Control Chart.” These
charts are comparatively simple statistical tools that
for construction and interpretation do not require an
in-depth understanding of statistical theory.

Process Control Charts

Process Control Charts consist of two graphs, each
with time as the abscissa, or X’, axis. One of the graphs
tracks the change in central tendency of the data over
time, usually represented by the mean or average. The
other graph tracks the change in dispersion of the data
over time, usually represented by the range or standard
deviation. Figures 1 and 2 are the two sections of a
Process Control Chart for serum cholesterol concentra-
tions in close-up cows in a single dairy. To create the
chart, blood samples for cholesterol analysis were taken
weekly from seven animals in the last two weeks of ges-
tation. Animals were selected at random and no indi-
vidual animal was sampled more than once. In Figure
1, the individual points are the averages of the seven
samples at each week, referred to as the Subgroup Av-
erage. In Figure 2, the individual points are the differ-
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Figure 1. Average Control Chart portion of a Process
Control chart for cholesterol concentrations in “close-
up” cows on a single dairy. Each individual point on the
graph represents the average serum cholesterol concen-
tration from seven randomly selected cows in the last
two weeks of gestation. The central solid line repre-
sents the average of all individual points. The dotted
lines represent the Upper and Lower Critical Control
points for the data. Points lying above or below these
lines represent deviations from the historical variabil-
ity in the data. Points outside the lines indicate a high
likelihood that new sources of variability have been in-
troduced into the system.

ence between the largest and smallest values for each
week, referred to as the Subgroup Range. The central
solid line is referred to as the Grand Average, and the
other two lines as the Upper and Lower Control Limits,
respectively. The Grand Average is the arithmetic mean
of all values combined over all weeks. Various methods
may be used to calculate the Control Limits, but all are
based on the assumption that ongoing variability in a
stable system can be predicted by past variability. Com-
putational details for the construction of Control Charts
will not be covered in this discussion. Details of Con-
trol Chart construction can be found in standard text-
books on the subject.*

The important point for this discussion is that
Control Limits are determined by the historical behav-
ior of the data and represent the expected extent of vari-
ability in the population. The Subgroup Averages and
Subgroup Ranges are expected to “bounce around” ran-
domly within the Control Limits. When Subgroup Av-
erages or Subgroup Ranges fall outside of the Control
Limits, it indicates a significant deviation from the past,
and the introduction of a new source, or sources, of vari-
ability into the system.

As an example of the use of control charts, note
that in Figure 1 between Weeks 11 and 12 (points
circled) the average serum cholesterol concentration
fell from 70 mg/dl to about 55 mg/dl. The risk of post-
partum metritis is inversely proportional to prepartum
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Figure 2. Range Control Chart portion of a Process
Control chart for cholesterol concentrations in “close-
up” cows on a single dairy. Each individual point on the
graph represents the difference between the highest and
lowest serum cholesterol concentration from seven ran-
domly selected cows in the last two weeks of gestation.
The central solid line represents the average of all indi-
vidual points. The dotted lines represent the Upper and
Lower Critical Control points for the data. Points lying
above or below these lines represent deviations from the
historical variability in the data. Points outside the lines
indicate a high likelihood that new sources of variabil-
ity have been introduced into the system.
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serum cholesterol concentration!®. So, should we be
concerned about this drop in cholesterol? The chart
says no. The variation is within the limits of previous
variation and should be interpreted as a random event
within this group of cows in this herd. Note that this
says nothing about the biology of serum cholesterol con-
centration. The chart says only that we cannot inter-
pret this change as being any more than expected, so
we would probably be wasting our time to go looking
for an explanation.

Signal-to-Noise Ratio in MPT

Variation of Subgroup Averages within the Con-
trol Limits is random variation, sometimes referred to
as statistical “noise.” Points outside of the Control Lim-
its indicate the addition of non-random sources of varia-
tion, sometimes referred to as “signal.” When there is a
“signal” it means that something in the system has
changed, and should not be ignored.

In instrument technology, reference is frequently
made to the “signal-to-noise ratio.” A high signal-to-
noise ratio means signals are easily detected, unlikely
to be lost in the noise. Alow signal-to-noise ratio means
there is lots of noise, or random variation, that is likely
to obscure the signal and make it difficult to detect. In
Process Control charts, distance between the Control
Limits indicates the extent of expected “noise.” The
amount of noise is affected by the number of sources of
variation, the amount of variation contributed by each
source, and the number of animals sampled. In MPT,
the objective is to maximize the signal-to-noise ratio,
limiting as much as possible extraneous sources of vari-
ability. Sampling multiple animals does this.

What are Sources of Variability?

Variation is a characteristic of biological systems,
but not all variation is random. Known “sources” can
contribute to variation in a non-random manner. For
example, in any herd of Jersey cows body weight will
vary among animals, as it would also in a herd of Hol-
stein cows. We could consider this variation as random
variation in body weight within breeds. If a herd has a
mixture of Jerseys and Holsteins, there will be more
variation in body weight than if only one breed were
present. This is because breed adds an extra, non-ran-
dom source of variation. The total amount of variation
in body weight within the herd will be a combination of
random differences within breeds and non-random, ge-
netic differences between breeds.

For MPT variables, several sources of variation
usually exist, including

¢ Random biological variation

¢ Genetic variation

e Circadian and/or prandial variation

e Seasonal variation

e Variation associated with physiological state

(growth, gestation stage, lactation stage, etc.)
® Variation associated with pathological state (the
effect of existing disease)

* Artifactual variation due to sampling or sample-

handling technique

e Analytical variation

¢ Environmental variation (influences external to

the animal, including nutrition and other man-
agement factors)

It is this last source of variation in which we are
generally interested for MPT interpretation, because the
objective is for MPT to aid in nutritional or manage-
ment decisions. The remaining sources of variation
could be thought of as contributing to the “noise” that
can obscure the nutritional or environmental “signal.”
The challenge in MPT strategy is to maximize the sig-
nal-to-noise ratio.

Quieting the Noise

Statistical noise may be due to either known or
random sources of variation. Noise due to known sources
of variation can be minimized by animal selection and
sampling technique. For example, if lactation stage is
a known source of variation for a particular blood com-
ponent, then animals for testing should be grouped as
closely as possible by lactation stage. Likewise, if there
were an important prandial effect, sampling animals at
a uniform time in relationship to feeding would reduce
the effect of prandial variation on the results.

When animal grouping and sampling strategy have
minimized known sources of variation, the remaining
noise will be due to random variation. Sampling mul-
tiple animals can reduce noise due to random variation;
the more animals sampled, the lower the amount of
noise. In calculation of the Average Control Chart, the
distance between the Upper and Lower Control Limits
will always diminish as the number of animals in each
Subgroup Average increases, assuming uniform varia-
tion in the population. Therefore, the more animals
sampled, the higher the signal-to-noise ratio. The opti-
mal number of animals to test for any particular vari-
able is seldom known with confidence. A good thumb
rule for any MPT variable is to test at least seven ani-
mals per group.’

Application of Process Control Charts to MPT

In industrial systems, Process Control Charts are
used to monitor consistency and detect the introduction
of additional sources of variation into manufacturing
processes. In such systems the intended average value
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is known. For example, the bags should contain 50
grams of peanuts on average, or the widget should be
37 mm thick on average. The industrial design sets the
desired values. If we begin to track MPT values with
Process Control Charts, the values initially measured
may be desirable or undesirable. If they are desirable,
the objective is to detect the introduction of additional
sources of variation that move the mean value out of
the desirable range. However, the situation in MPT may
be that the Grand Average calculated initially will be
outside a desirable range. In this case, some manage-
ment action would be taken and the objective of using
the Control Charts would be to detect significant move-
ment towards the desired range, rather than to monitor
for consistency. This means that for each MPT variable
there must be a biologically defined adequate or desir-
able range. The purpose of the Process Control Chart is
to determine if

e the herd control limits are within the desirable

range.

e the system is stable.

e change is occurring, and if so the direction of

change.

This means that a desirable or “normal” range
must be defined for each MPT variable. This may seem
like it puts us back into the same dilemma of compar-
ing a herd value to a normal range. However, the ad-
vantage of using the Control Charts over comparing a
point value to a normal range is that the Charts let us
examine how the variation within the herd, as well as
the point value, compares to the desirable range.

The Effect of Herd Size on MPT

Minimizing statistical noise is essential for MPT
interpretation. This requires close grouping of animals
to reduce known sources of variation, and sampling an
adequate number of animals within groups. In many
small herds at any given time there may not be suffi-
cient numbers of animals in the groups of interest. For
example, for prepartum plasma NEFA testing we rec-
ommend sampling seven animals in the last three
weeks of gestation. In herds of 100 or less cows, on
average one could expect there to be less than six cows
in the last three weeks of gestation at any one time,
thus limiting the ability to sufficiently control statisti-
cal noise.

The optimum number of animals to test will gen-
erally not change with herd size; therefore, the cost of
testing will be diluted across a large number of animals
in large herds. Furthermore, the cost of a bad decision
can be far greater in a large herd, compared to a small
herd, thus enhancing the risk-benefit of MPT in larger
herds. Therefore, there are considerable advantages for
large herds in the interpretation and application of MPT.

Variables in Dairy-Herd Metabolic Profile
Testing

There are many potentially valuable variables for
use in MPT. The selection of variables will depend on
the purposes of the test. Below we’ve listed a number of
variables we feel are valuable in monitoring dairy herds
for postpartum disease risk, especially diseases associ-
ated with energy metabolism. We are not suggesting
that these are the only variables of importance, but
rather that these are useful blood variables that could
be examined by the use of Process Control Charts. The
reference ranges listed are for comparison to Control
Limits. The listed ranges reflect the opinions and expe-
riences of the authors. We want to again stress the im-
portance of non-hematogenous variables in dairy-herd
MPT, including body condition score, milk composition,
urine pH and fecal characteristics.

Example MPT Variables

Hematocrit (packed cell volume)

Application: Hematocrit can be used as a general
reflection of animal health. Specific nutrient deficien-
cies, such as iron and copper, can result in reductions in
hematocrit, but in most dairy herds low hematocrit is
probably a reflection of sub-optimal energy and protein
nutrition.!>? Low hematocrit is associated specifically
with subfertility,®?! but it is probably a general indica-
tor of energy and protein balance, which have a strong
effect on fertility. Potential sources of blood loss, such
as parasites, should also be considered when interpret-
ing low hematocrits. Cows in early lactation, prior to
breeding would be the population for which the most
valuable information might be gained from hematocrit
testing. The low expense of sample collection and ease
of analysis make hematocrit an attractive variable with
which to start an MPT program.

Sampling: Samples for hematocrit determination
should be taken in EDTA-treated tubes. The test is
fairly robust, but some mistakes can be made. It is
important to fill pre-treated tubes, such as
Vacutainers™, completely. In partially filled tubes the
proportion of EDTA will be too high, which can result
in cell shrinkage and reduced hematocrit. Also, the
samples should be refrigerated and analyzed within
two days of collection to avoid artifactual changes in
cell size, which will affect hematocrit measurement.
Attention to these details is more important in hema-
tocrit testing for MPT than for the usual purposes of
disease diagnosis or management. This is because the
relative differences in hematocrit that are important
in MPT are much smaller than for disease diagnosis
or management; thus, small analytical mistakes can
make a difference in MPT interpretation.
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Analysis: Hematocrits are usually measured in
practice laboratories in microhematocrit centrifuges. It
is important to be sure the centrifuge speed is accurate,
and that the tubes are spun for the length of time speci-
fied for the instrument.

Non-nutritional sources of variability: Hematocrit
varies with lactation stage, being highest in dry cows
and in lowest for cows in early lactation. For hemat-
ocrit testing, cows should be grouped by lactation stage.

Interpretation: If hematocrit values are reduced,
changes in the availability of major nutrients should be
suspected. Areasonable goal value for hematocrit means
for cows in the first eight weeks of lactation is between
29 and 31%.

Serum Albumin

Application: Serum albumin concentration is re-
lated to the protein status of the animal.®315%19 The
relatively long half-life of serum albumin makes it a
rather insensitive measure of protein status, but it may
be the best blood test of protein status that is readily
available.

Sampling: Serum albumin is fairly robust and
requires no special sample-handling precautions.
Samples should be taken into tubes without anticoagu-
lant and serum removed after the clot has formed.

Analysis: Analytical variability can be introduced
by different methods of albumin analysis. It is best to
use one laboratory consistently.

Non-nutritional sources of variation: Lactation
stage has a substantial effect on serum albumin. For
albumin testing, animals should be grouped into dry cows,
early lactation (0 to 10 weeks), and later lactation.

Interpretation: Areasonable goal for minimum val-
ues for dry cow means is from 2.9 to 3.1 G/dL, for fresh
cows from 2.7 to 2.9 G/dL, and 3.0 to 3.2 G/dL for cows
in later lactation.

Non-esterified fatty acids (NEFA)

Application: Non-esterified fatty acids are a sen-
sitive indicator of energy balance.!! They are particu-
larly useful in monitoring energy status of dry cows in
the last month of gestation, during which rapid changes
in energy balance status might not be perceived from
changes in body condition score.

Sampling: Either serum or plasma is suitable for
NEFA analysis. Samples should be kept cold from the
time of collection so that enzymatic hydrolysis of esteri-
fied lipids in the sample will not contribute to an artifac-
tual increase in NEFA concentration. Non-esterified fatty
acid concentrations are stable in frozen serum or plasma.
Contrary to the indications of some instructions, heparin-
ized plasma is a suitable sample for NEFA analysis.

Analysis: An enzymatic analysis is currently avail-
able in a kit form. This analysis is accurate, repeat-

able, and suitable for automated analyzers. Prior to
the availability of this assay, NEFA analysis was diffi-
cult and not very accurate.

Sources of variation other than energy balance:
Prandial effects on plasma NEFA are substantial, with
concentrations diminishing post-feeding even in animals
in net daily negative energy balance.! For best inter-
pretation, samples should be taken shortly before the
normal feeding time. In situations in which feed is used
to catch animals in gang locks, samples for NEFA test-
ing should be taken immediately after the animals are
caught. In addition to prandial effects, there are im-
portant gestation- and lactation-stage effects. Values
can be expected to increase slightly in the last two weeks
of gestation, peak on the day of calving, and then drop
quickly postpartum. Values in early lactation will be
higher than in the dry period, but should be less than
on the day of calving.

Excitement stimulates an immediate increase in
blood NEFA. Working animals quietly through a chute
for blood sampling causes a small increase in NEFA that
is unlikely to interfere with nutritional interpretation.
If cows become agitated and are running, NEFA testing
should be left for another day. Supplemental fat sources
in the diet will usually increase plasma NEFA slightly,
but this is unlikely to interfere with interpretation.

Interpretation: The major determinant of plasma
NEFA concentration is energy balance. High values are
indicative of negative energy balance. Negative energy
balance is expected in any animal with a poor appetite.
Therefore, plasma NEFA testing is not a useful test for
sick animals. They are always expected to have high
NEFA if they are off feed.

For dry cows more that two weeks from calving,
reasonable goals for mean plasma NEFA are < 0.3 mEq/
L. In the last two weeks of gestation, reasonable goals
are < 0.35 mEq/L. Some research suggests that goal
values for plasma NEFA on the day of calving should be
< 1.0 mEq/L. At more than three days in milk, goal
values are <0.7 mEq/L.

Serum beta-hydroxybutyric acid (BHBA)

Application: Serum BHBA concentrations are af-
fected by energy balance and glucose balance. Because
of its specific relationship to glucose balance, serum
BHBA is a less-specific indicator of energy balance than
is plasma NEFA.® Testing for serum BHBA seems to be
most useful in cows in the first four weeks of lactation.
High values are associated with reduced milk produc-
tion, increased clinical ketosis and displaced abomasum,
and reduced fertility.

Sampling: Beta-hydroxybutyric acid is usually
measured in serum. It is stable in serum and the assay
is fairly robust with respect to sample handling require-
ments. If samples are to be sent by courier or through
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the mail, serum should be separated from the clot to
avoid hemolysis.

Sources of variation other than glucose and energy
balance: There are important lactation-stage effects on
serum BHBA, with cows in the first six weeks of lactation
normally having values higher than cows at later stages
of lactation, or dry cows. There are also prandial effects,
with serum BHBA values increasing within the first few
hours after feeding. The postprandial BHBA increase is
due to increasing ruminal butyric acid concentrations.
Butyric acid is converted to BHBA as it is absorbed through
the rumen epithelium. Pre-formed butyric acid in the diet,
such as from silage with clostridial fermentation, is also
converted to BHBA. This results in high blood BHBA con-
centrations, and the potential for a high ketosis rate in
cows consuming these kinds of silages. When evaluating
serum BHBA concentrations, samples should be taken at
a uniform time in relationship to feeding.

Interpretation: For fresh cows, mean serum BHBA
concentrations should be in the range of 5 to 8 mG/L.
For cows in other stages of lactation, or dry cows, desir-
able mean values are in the range of 3 to 6 mG/dL.

Blood (Serum) urea nitrogen (SUN)

Application: Blood or serum urea nitrogen (SUN)
is correlated positively with rumen ammonia concen-
tration.>? Therefore, it can be used as an estimator of
rumen ammonia concentration. It is useful in cows of
all lactation stages as part of the assessment of rumi-
nal balance of energy and available protein.

Sampling: Urea is measured in serum. It is fairly
robust and the samples require no special handling. It
is important to remove the serum from the clot prior to
shipment so as to avoid hemolysis.

Sources of variation other than dietary protein and
energy characteristics: There are important prandial
effects, with SUN increasing after feeding.® Maximum
concentrations are usually seen within two hours after
feeding, especially if protein supplements are included
in concentrate meals. Milk urea nitrogen (MUN) con-
centration provides similar information to SUN. There
is less of a prandial effect on MUN than on SUN, al-
though there is a prandial effect present even for MUN.

Interpretation: Areasonable range for mean SUN
concentrations is from 14 to 18 mG/dL. Serum urea
nitrogen values are affected by both rumen available
nitrogen and rumen available energy. Changing ei-
ther of these rumen inputs will affect the SUN value.
The test is useful in all classes of cattle, but may be
especially useful in dry cows in which MUN values are
not available.

Serum aspartate aminotransferase (AST)
Application: Aspartate aminotransferase is a cel-
lular enzyme that escapes into blood serum in response

to cellular damage. Fatty liver in dairy cows is associ-
ated with increases in the serum activity of this enzyme,
although the extent of the increase is small compared
to other liver diseases.” The enzyme is not specific to
hepatocytes, thus it is not a specific indicator of liver
cell damage. However, among available blood compo-
nent variables, serum AST activity appears to be the
most sensitive indicator of fatty liver in dairy cows.

Sampling: Aspartate aminotransferase activity is
stable in serum at refrigerator temperatures for two or
three days. Serum should be removed from the clot suf-
ficiently soon to prevent hemolysis.

Sources of variation other than fatty liver: Aspar-
tate aminotransferase is not a liver-specific enzyme.
Skeletal muscle trauma associated with struggling or
recumbency will elevate the serum AST activity. This
is a perfect example of why samples for MPT should be
collected from clinically normal animals, because dis-
eased or recumbent animals might have elevated se-
rum AST due to muscle damage.

Interpretation: Enzyme assays are difficult to stan-
dardize between laboratories, so reference values should
be established in a single laboratory. In general, a goal
range for mean values will be between 35 and 100 IU/L.

Conclusion

Methods are needed to monitor nutritional and
metabolic status of dairy herds. The most valuable
methods will be those that are sensitive enough to de-
tect change before clinical or economic consequences are
manifest. Analysis of blood for specific components in
an MPT is a technique that, among others, may be valu-
able for nutritional and metabolic monitoring of dairy
herds. A major challenge in the application of MPT is
dealing with extraneous sources of variation. Success-
ful management of extraneous variation requires sam-
pling strategies based on animal grouping and testing
of multiple animals. Larger herds are probably more
suited for MPT because they are able to better design
sampling strategies and to dilute testing costs among
more animals. Furthermore, there is a greater poten-
tial cost benefit due to the high cost of bad feeding deci-
sions in large herds. Statistical Process Control methods
appear to offer a unique approach to interpretation that
may increase the usefulness of MPT, but this requires
further evaluation.
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