Analytic Validation of an Infrared Milk Urea Assay and Effects
of Sample Acquisition Factors on Milk Urea Results

ABSTRACT

The objective of this study was to determine if milk
samples, as they are routinely collected by Ontario
Dairy Herd Improvement, would yield accurate milk
urea results with an infrared assay. This investigation
involved analytic validation of the infrared assay and
assessment of the effect of DHI routine sample acquisi-
tion factors on milk urea results.

Analytic validation of an automated milk urea assay
was performed by assessing the relative accuracy and
precision of milk urea results produced by the Fosso-
matic 4000 Milk Analyzer, an infrared method of analy-
sis, compared with the Eurochem test, an accepted ref-
erence method. Results indicated that, when interpre-
ted at the group level, milk urea results between the
infrared method and the reference test were in good
agreement. The two tests shared a similar and high
level of precision.

Milk urea concentrations obtained from composite
(metered) milk samples, and not quarter stripping sam-
ples, were most representive of concurrent serum urea
concentrations. The addition of bronopol preservative
did not result in a numerically important change in
milk urea concentrations. Storage of preserved metered
milk samples for up to 4 d at either room temperature
or by refrigeration, or for up to 3 d by freezing, did not
result in changes in milk urea concentrations.

We concluded that milk samples, as they are rou-
tinely collected and handled by DHI, are suitable for
measurement of milk urea concentrations with the in-
frared method of analysis if data are interpreted at the
group level.

(Key words: infrared milk urea assay, dairy herd im-
provement, sample acquisition)

Abbreviation key: DHI = Dairy Herd Improvement,
IR = Infrared, MU = milk urea (mmol/L), P, = concor-
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dance correlation coefficient, SU = serum urea (mmol/
L), UHT = ultra-high temperature. Conversion for-
mula: MUN (milk urea nitrogen, mg/dl) = MU (milk
urea, mmol/L) x 2.8.

INTRODUCTION

Although the technology to measure serum urea (SU)
concentrations has been available for many decades
(19), this approach has not been widely adopted, in
part because of the time, inconvenience, and expense
of collecting and analyzing large numbers of blood sam-
ples. The same is true of chemical (or lab bench) meth-
ods available for measuring urea concentrations in milk
samples (MU). The early 1990s witnessed the introduc-
tion of automated instrumentation that uses infrared
spectrophotometric methods to estimate the concentra-
tion of urea in milk samples. Because individual cow
milk samples are routinely collected by DHI, the use of
infrared (IR) technology offers a rapid and inexpensive
means of measuring milk urea concentrations.

Before any new test is adopted by industry, its perfor-
mance should be rigorously and impartially evaluated
under laboratory and field conditions. The first step of
this process examines how well the new test performs
under laboratory conditions compared with other ex-
isting methods. Two important characteristics to evalu-
ate are analytic accuracy and analytic precision. Ana-
Iytic accuracy is the agreement between the best esti-
mate of a quantity, as determined by a new test, and
its ‘true’ value, as determined by a definitive reference
method (6). Analytic precision is the agreement be-
tween replicates (i.e., the ability of the analytical
method to produce the same value for replicate mea-
surements of the same sample) (6). It is important that
these test characteristics are known and considered
when the practical applications of the test under field
conditions are later assessed.

Also important is whether the intended specimen ac-
quisition process will affect the quality of the test re-
sults. Factors that may affect results must be under-
stood, not only for evaluating the suitability of a tech-
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nology for its intended use, but also for later designing
and implementing a quality assurance program (6).
Previous research (8, 10, 17) has reported on the effects
of some sample acquisition factors, including the effect
of sample type (quarter stripping vs. composite), addi-
tion of preservative, storage temperature, and duration
of storage on MU results. However, these studies were
performed by indirect chemical methods of analysis,
not the infrared method that was adopted by many
DHI laboratories.

Ontario DHI installed the Fossomatic 4000 Milk Ana-
lyzer (Foss Electric, Brampton, ON) in the spring of
1995, but did some analytic and field validation before
commercial MU testing was made available to Ontario
dairy producers. The objective of this study was to deter-
mine if milk samples that are routinely collected by
Ontario DHI would yield accurate MU results with an
IR assay. The first step was to evaluate, with field sam-
ples, the relative accuracy and precision of an infrared
MU assay compared with an accepted reference
method. The second step was to evaluate the effect of
various factors related to sample collection and storage
on MU results with the IR method of analysis. Factors
examined included the effect of sample type [quarter
stripping vs. composite (metered) sample]; the effect of
bronopol preservative; and the stability of MU concen-
trations over time when samples were stored at room
temperature, refrigerated, or frozen.

MATERIALS AND METHODS

Milk samples collected by Ontario DHI field staff
were handled consistently. Composite (metered) milk
samples, representive of the entire milking of individ-
ual cows, were transferred into sample vials, each of
which contained a tablet of bronopol preservative to
inhibit the growth of bacteria and yeast. When the herd
test was complete, milk samples were transported, via
courier, to the Ontario DHI laboratory. Milk samples
were not refrigerated during transport. Samples may
occasionally freeze if left in courier trucks overnight
during the winter months. Upon delivery to the labora-
tory, samples were refrigerated until they were ana-
lyzed for MU and other milk components. Samples were
usually analyzed within 1 to 2 d of collection, although
over a long weekend, samples might not have been
analyzed for up to 4 d after collection.

Analytic Validation of an Infrared Milk Urea Assay

Analytic accuracy. Eighty-nine metered milk sam-
ples from individual cows were selected from among
routine herd test samples submitted to the Ontario DHI
laboratory. Each milk sample was divided into paired
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duplicate samples. One of each pair of duplicate sam-
ples was then analyzed for MU (mmol/L) with either the
Fossomatic 4000 Milk Analyzer (Foss North America,
Brampton, Ontario) or the Eurochem test (Foss North
America, Brampton, Ontario), a differential pH, and
recognized reference, method.

Overall agreement in MU results between the two
test methods was assessed by two different statistical
approaches. The first approach was to calculate the
concordance correlation coefficient (P,) to estimate the
overall agreement with continuous measures (22). The
second approach used was the Bland and Altman
method. This method involved plotting the mean of the
paired measurements (x-axis) against their difference
(y-axis). The 95% confidence interval around the mean
of the differences was calculated and superimposed on
the plot. The number of points that fell within the 95%
confidence intervals (or limits of agreement) were then
observed and recorded (4).

Analytic precision. Two separate studies were per-
formed to estimate the CV, a measure of test precision,
for the Fossomatic 4000 MU assay. In the first study,
MU concentrations were measured in replicate milk
samples derived from the same original batch of ultra-
high temperature (UHT) treated milk. One UHT milk
sample was included in all regular runs of the MU assay
for a period of 14 d. Over the 14 d, averaging 4 runs
per day, 55 MU were determined from the same batch
of UHT milk. The MU results were used to calculate
the CV (24).

In the second study, composite milk samples were
collected from milk meters at the time of the regular
morning milking, from 24 Holstein cows of mixed parity
and stage of lactation at a University of Guelph Dairy
Research Station. Each milk sample was split to create
four identical replicates. All replicate samples were pre-
served with a bronopol tablet (2-bromo-2-nitro-pro-
pane-1,3 diol: 6 mg/tablet: D & F Control, San Ramone,
CA), transported directly to the Ontario DHI labora-
tory, refrigerated overnight, and then analyzed for MU
concentrations the following day. Two of each pair of
four replicate samples were analyzed with the Fosso-
matic 4000 milk analyzer; the other two samples were
analyzed by the Eurochem test. The MU results were
then used to calculate a separate CV for each test
method (23).

Factors Related to Sample Collection and Handling

Sample type. Milk and blood samples were collected
from each of 26 Holstein cows of mixed parity and stages
of lactation at the regular morning milking. Animals
were not offered the morning feeding until after the
morning milking. Premilking quarter stripping (fore-
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stripping), composite (metered), and postmilking quar-
ter stripping (poststripping) milk samples were col-
lected from each cow into separate vials, each con-
taining a tablet of bronopol preservative. A blood
sample was collected from the coccygeal vein into a
Vacutainer tube within 5 min of the completion of milk-
ing for each cow. All milk samples were submitted di-
rectly to the Ontario DHI laboratory for same-day anal-
ysis of milk constituents, including total protein per-
cent, butterfat percentage, SCC, and MU concentration
using the Fossomatic 4000 Milk Analyzer. Serum from
the blood samples was submitted to the Clinical Pathol-
ogy Laboratory at the Ontario Veterinary College (Uni-
versity of Guelph, Guelph, ON) for measurement of SU
concentration with the Dacos Biochemistry Analyzer
(Coulter Electronics, Hialeah, Florida).

Analysis of variance and contrast analysis (20) were
used to determine if, and how, the sample content of
milk urea, butterfat, total protein, and somatic cells
varied by the type of sample collected. Bonferonni’s
correction was used to calculate the critical P value for
the contrast analysis to account for the three separate
contrasts being performed for each milk component
[Phonferonni = (Porigina/3) = (0.05/3) = 0.017] (22). Milk urea
results from each of the three types of milk samples
[forestripping, composite (or metered), and poststrip-
ping] were compared with the concurrent SU measure-
ment, using the concordance correlation coefficient as
a measure of overall agreement, to determine which
milk sample type yielded MU concentrations that were
most representive of the concurrent SU concentration
(22).

Bronopol preservative. Composite (metered) milk
samples were collected from each of 26 Holstein cows
of mixed parity and stage of lactation at the regular
morning milking. Each sample was split into two repli-
cate samples, one of which was left unpreserved. A
tablet of bronopol preservative was added to the other.
All milk samples were submitted directly to the Ontario
DHI laboratory for analysis of MU concentrations with
the Fossomatic 4000 Milk Analyzer. Milk urea mea-
surements from preserved samples were then compared
with those of the nonpreserved samples using a paired
t-test.

Storing samples at refrigerated, frozen, or room
temperatures. Composite (metered) milk samples
were collected from each of 23 Holstein cows at the
regular morning milking. Each sample was divided into
eight identical replicates, each of which was preserved
with a bronopol tablet. Four of these samples were
stored by refrigeration (4°C) while the other four sam-
ples were stored by freezing (-18°C). One of each sample
type (refrigerated or frozen) was submitted for MU
analysis with the Fossomatic 4000 Milk Analyzer after
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storage for 2, 3, 4, or 7 d. Analysis of variance (20) was
used to determine the effect of time in storage on MU
concentrations, for both refrigerated and frozen
samples.

In a second study, composite (metered) milk samples
were collected from each of 24 Holstein cows at the
regular morning milking. Each sample was divided into
eight identical replicates, each of which was preserved
with a bronopol tablet. Four of these samples were
stored by refrigeration (4°C), and the other four samples
were stored at room temperature (21°C). One of each
sample type (refrigerated or room temperature) was
submitted for MU analysis with the Fossomatic 4000
Milk Analyzer, after storage for either 1, 2, 3, or 4 d.
Analysis of variance (20) was used to determine if MU
concentrations varied over time by method of storage
(refrigeration or room temperature).

RESULTS
Analytic Validation of an Infrared Milk Urea Assay

Analytic accuracy. The means and distributions of
MU concentrations for the 89 samples analyzed were
similar between the Fossomatic 4000 Milk Analyzer
(mean = 4.11 mmol/L, standard error = 0.10, minimum
=1.61, maximum = 6.79) and the Eurochem test (mean
=4.24 mmol/L, standard error = 0.12, minimum = 2.00,
maximum = 7.92). The mean difference between the
two tests was 0.13 mmol/L of MU (standard deviation
= 0.55). The 95% confidence limits (lower and upper
limits of agreement) for the point estimate of the mean
difference was calculated to be (-0.96, 1.24) mmol/L of
MU. The concordance correlation coefficient was 0.86
(Figure 1). By using the Bland and Altman method of
assessing agreement, approximately 95% of data points
were observed to fall within the upper and lower limits
of agreement.

Analytic precision. In the first study of 55 replicate
samples of UHT milk analyzed over a 14-d period, the
mean and standard deviation MU concentrations were
6.52 and 0.23 mmol/L, respectively. The CV was 3.44%.
In the second study of 24 sets of replicate milk samples
analyzed on a single day, the mean, standard deviation,
minimum, and maximum MU concentrations measured
by the Fossomatic 4000 milk analyzer were 5.52, 0.78,
4.57, and 7.96 mmol/L, respectively. The CV for the
Fossomatic 4000 milk analyzer and the Eurochem test
were 4.85 and 2.65%, respectively.

Factors Related to Sample Collection and Handling

Sample type. Analysis of variance indicated that
milk urea concentration (mmol/L), butterfat percent,
total protein percent, and somatic cells (x1000/ml) all
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Figure 1. Milk urea (MU) results from the Fossomatic 4000 Milk
Analyzer vs. the Eurochem test. P. = concordance correlation coef-
ficient.

differed by type of milk sample (P < 0.05 for each compo-
nent). Contrast analysis indicated that urea and butter-
fat content were both lowest in forestripping samples.
Butterfat content and somatic cells were highest in
poststripping samples. Total protein was lowest in
poststripping samples (Table 1). Urea concentrations
were positively associated with butterfat concentration

Table 1. Variation of milk components among forestripping, compos-
ite, and poststripping milk samples

Milk
Component Sample type  Mean SD Min  Max
Butterfat, %
(n = 26) Forestripping 142 0.6 0.7 2.5
Composite 3.4° 0.7 2.5 5.0
Poststripping 8.8°¢ 2.6 4.3 13.8
Protein, %
(n =26) Forestripping 3.22 0.2 2.8 3.8
Composite 3.22 0.2 2.7 3.8
Poststripping 2.8" 0.3 2.2 3.4
Somatic cells,
% 1000/ml
(n = 26) Forestripping 852 83 18 331
Composite 67 57 19 278
Poststripping 244" 282 20 940
Urea, mmol/L
(n =26) Forestripping 3.37% 0.93 1.71 4.89
Composite 4.14° 0.69 293 5.39
Poststripping 3.66*P 215  0.29 9.50

abcMeans within component with different superscripts differ
(Pbonferonni <0.017).
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(coefficient = 0.41, P < 0.01) and negatively associated
with SCC (coefficient = -0.011, P < 0.0001).

Results from a comparison between serum urea and
milk urea concentrations in each of the three types of
milk samples (composite, forestripping and poststrip-
ping) are presented in Table 2.

Bronopol preservative. Milk urea concentrations
were lower in unpreserved milk samples than in pre-
served samples (mean difference =—0.089 mmol/L, stan-
dard error = 0.036, P < 0.05).

Storing samples at refrigerated, frozen, or room
temperature. Milk urea concentrations remained un-
changed in preserved samples that were refrigerated
for up to and including 4 d prior to analysis (P > 0.05),
but were elevated in samples that were refrigerated for
7 d (P =0.0001) (Table 3).

Milk urea concentrations remained unchanged in
preserved samples that were frozen for up to 3 d after
collection (P >0.05) but were elevated in samples which
were frozen for 4 or 7 d (P < 0.05) (Table 3). Milk urea
concentrations were not different between matched
pairs of refrigerated and frozen samples that were ana-
lyzed on d 2, 3, 4, or 7 postcollection (P > 0.05).

In the second study it was found that there was no
interaction present between the effects of method of
storage (room temperature vs. refrigeration) and dura-
tion of time in storage (1 to 4 d) (P > 0.05). As such, data
for all 4 d were combined, for each individual animal, to
calculate one mean MU concentration for each treat-
ment (refrigeration vs. room temperature). The means,
standard deviations, and ranges of MU concentrations
for the 23 samples stored by refrigeration and at room
temperature were: 5.40 £ 0.77, 4.04 to 7.75 mmol/L,
and 5.43 £ 0.79, 3.93 to 7.93 mmol/L, respectively. Milk
urea concentrations were not different in samples
stored by refrigeration as compared with samples
stored at room temperature for a storage period of up
to and including 4 d (P > 0.05).

DISCUSSION

Analytic Validation of an Infrared Milk Urea Assay

Analytic accuracy. Analytic accuracy is defined as
the agreement between the best estimate of a quantity,
as determined by the new test, and its “true” value,
as determined by a definitive method or an accepted
reference method (6). Because there is no gold standard
test for MU measurement, the Eurochem test was se-
lected as an accepted reference method. The US DHIA
has named the Eurochem test as the accepted reference
method for MU analysis in North America, and it has
been named as one of two suitable reference methods
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Table 2. Comparison of milk urea (MU) concentrations from forestripping, composite, and poststripping
milk samples with concurrent serum urea (SU) concentrations

Sample type used for milk urea determination

Forestripping Composite Poststripping
(n =26) (n =26) (n =26)
Mean difference
(SU - MU) (mmol/L) 0.83 0.057 0.54
Std. error 0.21 0.18 0.47
P value 0.001* 0.76 0.30
Pearson’s correlation
coefficient (r) 0.51 0.64 0.06
P value 0.008%* 0.004** 0.78
Concordance correlation
coefficient (P,) 0.38 0.55 0.05

*Mean difference significant at P < 0.05.

**Pearson’s correlation coefficient significant at P < 0.05.

by the International Dairy Federation (14) (P. Sauve,
1998, Canadian Laboratory Accreditation Program and
the National DHIA Quality Certification Program, per-
sonal communication).

Our results indicated that there was good overall
agreement between the two tests at the group level.
However, for individual cow samples, we observed a
large 95% confidence interval around the mean differ-
ence of 0.14 mmol/L (95% C.I. =(—0.96, 1.24)). We inter-
preted this as a relative lack of agreement between the
two tests for individual cows.

One explanation for the analytic variation in results
from individual cow milk samples is the way in which
the IR method produces a urea estimate. The IR method
measures the amount of light absorbed at a wavelength
that detects urea nitrogen to quantify the concentration
of urea in the sample. However, other milk components
will also absorb some light at the urea wavelength. Up
to nine different milk components, including butterfat,
lactose, true protein, citrate, and somatic cells, can in-
terfere with the urea measurement. Some of these in-
terfering components are known to have a positive ef-
fect on the urea estimate (e.g., butterfat content), while
others have a negative effect (e.g., SCC). As such, the

Table 3. Effect of time in storage on milk urea concentrations (mmol/
L) when storing samples by refrigeration or by freezing.

Refrigeration Freezing
Storage
period n Mean SD Mean SD
2 days 23 12.18* 1.72 12.37¢ 1.53
3 days 23 12.292 1.88 12.41¢ 1.28
4 days 23 12.492 1.67 13.354 1.45
7 days 23 12.90P 1.62 13.504 1.61

abMeans within column with different superscripts differ from
value on d 2 (P < 0.05).

“dMeans within column with different superscripts differ from
value on d 2 (P < 0.05).

IR method must also measure the amounts of these
interfering components at other wavelengths, then
make a mathematical adjustment to control for their
concentrations in the sample to produce an indirect
estimate of the concentration of urea nitrogen. Approxi-
mately 45 to 50% of the urea estimate comes from the
actual optical reading of urea in the sample, while the
other 50 to 55% comes from the mathematical adjust-
ment for concentrations of other interfering compo-
nents (H. Hansen, 1997, Foss Electric, Hillergd, Den-
mark, personal communication). Because the concen-
trations of each of these interfering components tend
to vary among cows, the IR method tends to produce a
different urea estimate, even when samples from differ-
ent cows may actually have the same true urea value.

This analytic variability will inevitably contribute to
the large difference observed among MU results from
individual cows (16, 21). Researchers have recom-
mended that the problem of variation in MU results
among individual cows may be removed if MU data
produced by IR testing is interpreted at the group level
(5, 7, 11, 12, 16, 21). The findings of this study lend
further support to these recommendations.

Analytic precision. A test performance characteris-
tic such as precision should, ideally, be assessed over
a range of concentrations and over time. Because the
CV of a test is only a relative measure of precision, it
is most meaningful compared with that of other ac-
cepted or currently used test methods. The first study,
which accounted for both within-day and between-day
variability in test performance, indicated a high level
of precision for the Fossomatic 4000 Milk Analyzer (CV
= 3.44%). Unfortunately, we determined this for one
MU concentration, and, due to the lack of availability
of an accepted reference method at the time of this
particular study, we did not compare it with the relative
precision of a reference method. The second study,
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which considered a range of MU concentrations, showed
that the Fossomatic 4000 Milk Analyzer shared a simi-
lar and high level of precision with that of the Eurochem
test (CVFoss = 485%, CVEurochem = 2.65%).

The analytic validation studies described above were
performed between 1995 and 1996 and yielded informa-
tion that described the relative accuracy and precision
of the Fossomatic 4000 MU assay, which was currently
in use at the Ontario DHI laboratory. Because this
study did not compare results among different DHI
laboratories, the accuracy and precision information
produced from this study should not be extrapolated to
MU data produced by other DHI laboratories. All North
American DHI laboratories participate in an ongoing
laboratory quality certification program designed to
monitor and ensure the quality of milk component data.
Since the fall of 1998, this program has begun to moni-
tor and ensure the quality of the MU data produced by
all Canadian and US DHI laboratories that offer MU
testing (P. Sauve, 1998, Canadian Laboratory Accredi-
tation Program and the National DHIA Certification
Program, personal communication).

Factors Related to Sample Collection and Handling

Sample type. Although composite (metered) milk
samples are routinely collected by Ontario DHI for milk
recording purposes, the influence of sample type (fore-
stripping vs. composite vs. poststripping) was investi-
gated because of inquiries made by some producers
whether quarter-stripping samples could be submitted.

In evaluating the effect of sample type on MU concen-
trations, we compared MU concentrations to concurrent
SU concentrations. The validity of this comparison is
based on studies that have previously demonstrated a
strong positive correlation between MU and SU concen-
trations. Reported Pearson’s correlation coefficients
range from 0.73 to 0.98 (2, 5, 9, 16, 18). Also, producers
are using MU data as a surrogate measure of the sys-
temic urea concentration (i.e., SU). Thus, assessing the
agreement between MU and SU concentrations, as per-
formed in this study, was important. Ideally, MU con-
centrations determined by the Fossomatic 4000 Milk
Analyzer for each of the three types of milk samples
would also have been compared with MU concentra-
tions as measured by a recognized reference method.
Such a method was not available at the time that this
particular piece of research was performed.

The highest concordance correlation coefficient, a
measure of overall agreement, was found between SU
and MU concentrations from composite (metered) milk
samples (P¢ = 0.55). Poorer overall agreement was ob-
served between serum urea concentrations and milk
urea concentrations from either forestripping (Pc =
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0.38) or poststripping milk samples (Pc = 0.05). The
reasons for poorer agreement between SU and MU con-
centrations for the latter two sample types is attributed
to some combination of those factors that contribute
to the concordance correlation coefficient calculation,
including greater mean differences in urea concentra-
tions, greater variation around the mean differences,
and weaker or nonexistent associations as measured
by Pearson’s correlation coefficient (refer to Table 2).

The results of this study suggest that composite (me-
tered) milk samples, and not quarter stripping samples,
should be submitted if samples are to be analyzed for
MU by routinely calibrated IR analysis methods. These
results differ from results of previous studies that, by
indirect chemical methods of analysis, reported that
both stripping or composite milk samples were suitable
for MU analysis (10). Poststripping samples have much
higher and more varied butterfat contents than do com-
posite (metered) milk samples (Table 1). Because the
equipment was originally calibrated with composite
milk samples with more normal butterfat concentra-
tions, the computer algorithm was unable to adequately
control for the interfering effect of extremely high and
varied butterfat contents when producing a urea esti-
mate for poststripping milk samples. Thus, the MU
estimates produced from poststripping samples were
highly variable and did not agree at all well with concur-
rent SU concentrations, as was indicated by a very poor
concordance correlation coefficient (P¢ = 0.05). Gustafs-
son and Palmquist (10) may have produced different
results because milk components which vary with sam-
ple type are unlikely to have an interfering effect on
producing urea measurements when using indirect
chemical methods of analysis. Although the interfering
effect of butterfat was one possible source of variation
discussed here, it is possible that SCC and several other
interfering milk components contributed to the vari-
ability in MU concentration seen with different sam-
ple types.

Bronopol preservative. The Fossomatic 4000 Milk
Analyzer at Ontario DHI was initially calibrated with
bronopol-preserved composite milk samples, as it was
known that DHI milk samples will routinely contain a
bronopol tablet. The effect of bronopol preservative was
evaluated to quantify the difference in urea estimates
between preserved and nonpreserved samples. This
evaluation was important to determine the potential
effect on MU results if submitting an atypical nonpre-
served milk sample for IR analysis.

In previous studies, the addition of bronopol or so-
dium azide preservative to milk samples did not sig-
nificantly alter MU concentrations when samples were
analyzed by indirect chemical methods (8, 15, 17). In
contrast, this study, using IR analysis, found that milk
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samples without bronopol preservative had signifi-
cantly lower MU concentrations than did preserved
samples (P < 0.05). However, given the numerically
small mean difference observed (mean difference =
—0.089 mmol/L, standard error = 0.036 mmol/L), the
addition or lack of bronopol preservative to milk sam-
ples is unlikely to be an important consideration when
interpreting MU results produced by IR analysis
through routine DHI testing.

Storing samples at refrigerated, frozen, or room
temperatures. The purpose of this series of studies
was to investigate the stability of MU concentrations
in preserved metered milk samples that were subjected
to storage periods and conditions that were typical of
what might be encountered by samples as they are
routinely collected and handled by DHI field and labora-
tory staff. Results of the first set of studies indicated
that MU concentrations were unchanged in preserved
samples that were refrigerated for up to and including
4 d prior to analysis. Previous studies with indirect
chemical methods of analysis reported that MU concen-
trations remained unchanged for at least 7 d in a refrig-
erator (4°C) (8, 15, 17). The results of this study indicate
that preserved composite milk samples, which are
transported promptly after collection, stored by re-
frigeration, and then analyzed within 4 d of collection
are suitable for MU analysis.

Milk urea concentrations were unchanged in samples
frozen for up to 3 d, but were elevated in samples frozen
for 4 or 7 d (-18°C). Previous studies using indirect
chemical methods of analysis found that MU concentra-
tions remained unchanged after at least 7 d in the
freezer (-18 to —20°C) (8, 15, 17). Different findings
between studies may be at least partly attributed to
changes in the content of other milk components that
are known to be affected by freezing. Previous studies
have demonstrated that freezing had the effect of low-
ering butterfat percentage (13, 25). Studies have re-
ported inconsistent findings as to the effect of freezing
on SCC. Timms et al. (25) reported that freezing in-
creased SCC, while Barkema et al. (3) reported that
freezing lowered it. Changes in these and other milk
components might, through their interfering effects for
producing urea estimates by the IR method, be respon-
sible for those changes in urea estimates that were
observed in this study, in samples that were frozen for
4 or 7 d. However, that MU concentrations remained
unchanged in preserved samples that were frozen for
up to 3 d after collection indicates that occasional short-
term freezing (i.e., overnight) of samples during trans-
port to the laboratory should not interfere with the
accuracy of the MU results produced by IR analysis.

Milk urea results did not differ between preserved
samples that were stored at room temperature (21°C)
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for up to 4 d, compared with samples that were refriger-
ated (4°C). These results agree with Miettinen and Ju-
vonen (15) who reported that samples preserved with
sodium azide could be stored at room temperature
(20°C) for up to 7 d without affecting MU concentra-
tions. These results indicate that the short-term storage
of samples at moderate temperatures (21°C) in unre-
frigerated courier trucks, during transport to the On-
tario DHI laboratory, should not interfere with the
quality of the MU results produced by IR analysis. This
study did not examine the stability of MU concentra-
tions in samples stored at high ambient temperatures
(e.g., 30°C).

CONCLUSIONS

When interpreted at the group level, there was good
overall agreement between MU results from the Fosso-
matic 4000 Milk Analyzer, an IR method, and the Euro-
chem test, an accepted reference method. The two tests
shared a similar and high level of precision. Milk sam-
ples, as they are routinely collected and handled by the
Ontario DHI field and laboratory staff, are suitable
for analysis of MU concentrations by IR methods of
analysis, provided that data are interpreted at the
group level.
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