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ABSTRACT

The objective of this study was to investigate the
ability of a milk-line sampling device to obtain a repre-
sentative sample under field conditions by comparing
the milk component composition between milk-line and
bulk-tank samples, for milk harvested from the same
group of cows at the same milking. A total of 42 paired
milk-line and bulk-tank samples were collected at sepa-
rate milking events from 21 different dairy herds. Sam-
ples were analyzed for milk fat (%), true protein (%),
and milk urea nitrogen (mg/dl). Concordance correla-
tion coefficients showed a very high level of agreement
between the two sample types, with values ranging
between 0.82 and 0.95 for the components measured.
ANOVA showed that milk component data derived from
milk-line samples were neither statistically nor numer-
ically different from milk component data derived from
bulk-tank samples. The strategy of monitoring milk
component data through milk line sampling should pro-
vide dairy producers with inexpensive, timely, and ac-
curate information that will help to improve ongoing
nutritional monitoring programs for individual groups
of cows within the dairy herd.

(Key words: milk-line sampling, milk fat, true protein,
milk urea nitrogen)

Abbreviation key: MUN = milk urea nitrogen.

INTRODUCTION

The utility of monitoring milk components such as
milk fat and protein concentrations as a dairy herd
management tool, and specifically as a nutritional mon-
itoring tool, has been well established and well utilized
(Fetrow et al., 1987; Azzam et al., 1989; Nelson, 1994;
Wiggans, 1994; Studer, 1998). More recently, research-
ers have also demonstrated the utility of measuring
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milk urea nitrogen (MUN) concentrations as a tool to
aid in monitoring nutritional management programs
(Oltner and Wiktorsson, 1983; Hof et al., 1997; Jonker
et al., 1998; Schepers and Meijer, 1998; Godden et al.,
2001). Traditional sampling methods for monitoring
milk components have included individual cow sam-
pling (through DHIA on test day) or bulk-tank testing
(through milk processors at each pick-up). However, a
new strategy, collecting samples from individual groups
of cows directly out of the milk line, is currently being
adopted on some larger dairies. These sampling devices
are typically placed in the milk line past the receiver
and past the plate cooler, if one is present in the system.
Milk-line samples may be particularly attractive to
larger herds because they allow producers to monitor
the performance of individual groups of cows within
the herd. And, because relatively few samples are sub-
mitted at any one milking, the overall program cost is
relatively inexpensive. As such, producers can opt for
more frequent milk sampling schedules. This should
improve the monitoring program by increasing the pro-
ducer’s ability more quickly to detect changes in any
one group’s performance.

While the potential benefits of milk-line sampling are
obvious, little independent research has been per-
formed to ensure that the sampling systems currently
available can, when used under field conditions, collect
a sample that is truly representative of all cows within
the group of interest. If the line sampling device were
functioning properly, and so collecting a consistently
metered sample, then one would expect that the compo-
sition of the line sample should be nearly identical to
the milk entering the bulk tank from that same group
of cows. The objective of this study was to determine
whether a milk-line sampling device used in a farm
setting could obtain a representative sample that would
be useful in a diagnostic context for nutritional monitor-
ing programs. This was done by comparing the milk
component composition (milk fat, true protein and
MUN) between milk-line and bulk-tank samples for
milk harvested from the same group of cows.
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Figure 1. QMI Safe Septum sani-elbow (Quality Management,
Inc., Oakdale, MN) placed in milk line.

MATERIALS AND METHODS
Herd Enroliment and Sampling Period

Twenty-one dairy herds in Minnesota and western
Wisconsin were purposely selected to participate in the
study based on their willingness to participate and to
provide a broad range of milk component and bacterial
culture measures. Sample collection occurred between
February and August 2001. Repeated sampling did oc-
cur at separate milkings in some herds.

Sample Collection and Analysis

Sampling occurred during the milking immediately
following a previous milk pick-up (i.e., started with an
empty bulk tank). Before beginning milking, the QMI
Safe Septum sani-elbow (Quality Management, Inc.,
Oakdale, MN) was placed in the milk line past the
receiver jar and past the plate cooler, if one was present
in the system. The sampler was positioned such that
the sampling port was on the bottom or side of the line,
where possible. A 16-gauge 1.5-inch needle was placed
through the sampler diaphragm with the bevel of the
needle pointed toward the flow of milk in the line (Fig-
ure 1). If the port could only be positioned on the top
of the line, then a 16-gauge 3-inch needle was used to
reach across the elbow and allow the bevel opening still
to be on the bottom of the line, in order to get a sufficient
flow rate. A sterile fluid administration set was then
attached to the sampling needle to collect milk, by grav-
ity flow, into a sterile collection container (sterilized
bag or 1-gallon bottle [Figure 2]). The flow regulator on
the fluid line was used to establish a consistent flow
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Figure 2. QMI Safe Septum sani-elbow (Quality Management,
Inc., Oakdale, MN) attached to sampling line and sample container.

rate throughout the sample collection process. Flow reg-
ulation was handled differently depending on whether
the flow in the line was intermittent or continuous: if
milk flow was continuous, as with a variable frequency
drive milk pump, then a steady drip or stream was
collected. If milk flow was intermittent, as with a con-
ventional liquid-level-control milk pump, then flow reg-
ulation was set so that approximately 10 to 15 ml was
collected each time the milk pump operated. A total
sample volume of 200 ml or greater was collected, at
an even sampling rate, over the course of the entire
milking. Samples were kept cool while being collected,
by placing the collection container in an insulated cooler
surrounded by ice or ice packs. Upon completion of the
milking process, the collection container was mixed
thoroughly and a subsample was collected from the
sample collection container into a sterile 30-ml vial. A
bulk-tank sample was also then collected into a sterile
30-ml vial.

Upon completion of the collection process, the paired
samples were refrigerated and then transported di-
rectly to the Udder Health Laboratory at the University
of Minnesota. Here, one subsample each from both the
milk-line and bulk-tank samples was used for bacterio-
logical culture at the udder health laboratory (culture
data not discussed in this paper), whereas a second
subsample was submitted for routine analysis of compo-
nents in a certified laboratory, DQCI Services Labora-
tory (Dairy Quality Control Institute, Mounds View,
MN). MUN concentration was determined using the
Bentley ChemSpec instrument (Bentley Instruments,
Inc., Chaska, MN). Milk fat and true protein results
were produced using a Bentley 2000 Infrared instru-
ment (Bentley Instruments, Inc.). Calibaration of this
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Table 1. Comparison of milk component measures between milk-line and bulk-tank milk samples.

Sample type

Milk Mean (+/— SD) (range) Concordance ANOVA results

component correlation est. difference (+/- SD)

(n =42) Bulk tank Milk line coefficient (P-value)

Milk fat (%) 3.73 (0.34) 3.75 (0.43) 0.87 0.02 (0.053)
(3.18-4.45) (2.81-4.49) (0.70)

True protein (%) 3.05 (0.15) 3.03 (0.19) 0.82 -0.018 (0.026)
(2.83-3.40) (2.59-3.42) (0.49)

MUN! (mg/dl) 15.41 (2.09) 15.21 (2.18) 0.95 -0.17 (0.29)

(11.4-22.0) (11.1-21.6) (0.56)

'Milk urea nitrogen.

machine was checked at least twice daily and standard
“A” and “B” (high and low) samples were run hourly.

Statistical Analysis

Descriptive statistics were produced describing the
mean, variation, and range for milk fat, true protein
and MUN, for both milk-line and bulk-tank milk sam-
ples. A concordance correlation coefficient was calcu-
lated to measure agreement between the two sample
types for each milk component, and a scatter plot was
created for milk fat, true protein, and MUN, plotting
milk-line against bulk-tank sample results. Finally,
ANOVA (Proc Mixed in SAS; 1996) was used to deter-
mine whether, for each milk component of interest (out-
come variable), the measure differed depending on the
sample type (explanatory variable). In addition to the
main effect of sample type (milk-line vs. bulk-tank sam-
ple), each model also controlled for random herd effects,
given that repeated sampling had occurred in some of
the study herds. Statistical significance for all compari-
sons was set at P < 0.05.

RESULTS

A total of 42 paired samples were collected from 21
herds, with a mean of two sampling events occurring
for each herd (median = 1, SD = 2.7, range = 1 to 12).
The final number of paired samples collected in this
study should have allowed us to be able to detect the
following minimum differences between bulk-tank and
milk-line sample results, should a difference have
truly existed:

1) Milk fat: difference of >0.15% (alpha of 10%, beta
of 80%)
2) True protein: difference of 20.10% (alpha of 5%, beta
of 80%)
3) MUN: difference of >1.0 mg/dl (alpha of 5%, beta
of 80%)

A description of the concentrations of milk fat, true
protein, and MUN measured for the two sample types
are presented in Table 1 (mean, SD, range). Concor-
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dance correlation coefficients comparing bulk-tank ver-
sus milk-line sample results showed a very high degree
of correlation, ranging between 0.82 and 0.95 for milk
fat, true protein, and MUN (Table 1). ANOVA indicated
no difference between bulk-tank and milk-line samples
for any of the milk components measured (P > 0.05
[Table 1]). Graphs plotting bulk-tank versus milk-line
sample results for milk fat, true protein, and MUN are
presented in Figures 3, 4, and 5, respectively.

DISCUSSION

Sampling methods for monitoring milk components
have traditionally been limited to either individual cow
samples, usually collected by DHIA field staff on test
day, or bulk-tank samples, routinely tested and re-
ported by milk processors after each pick-up. Advan-
tages of measuring individual cow samples through
DHIA testing include the ability to monitor individual
cow performance, to calculate and monitor average
group performance, and to monitor variation among
individuals or groups of cows, or changes within individ-
uals or groups of cows over time. A major disadvantage
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Figure 3. Bulk-tank versus milk-line sample milk fat results.
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Figure 4. Bulk-tank versus milk-line sample milk true protein
results.

of this testing strategy is, however, that the relatively
infrequent testing schedule (usually once per month
or less frequently) means producers may not be able
quickly to detect and respond to changes in animal or
group performance. However, more frequent individual
cow testing through DHIA to provide more timely infor-
mation is too labor-intensive and costly to warrant rou-
tine adoption. Similarly, the bulk-tank sampling strat-
egy also carries its own set of advantages and disadvan-
tages. Because bulk-tank analysis of components is
provided with every shipment of milk, producers receive
frequent, timely, and inexpensive information about
the herd’s performance. However, because analysis is
of a single pooled sample, producers are unable to mea-
sure the average performance of any one group of cows,
unable to measure variation among different groups,
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Figure 5. Bulk-tank versus milk-line sample milk urea nitrogen
(MUN) results.
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and unable to detect changes occurring within groups
of cows over time.

The milk-line sampling strategy addresses many of
the limitations previously discussed for either individ-
ual cow or bulk tank sampling strategies. Producers
can conveniently monitor the performance of several
different groups of cows within the herd. And, because
relatively few samples are still submitted at any one
milking, a routine testing program is relatively inex-
pensive. As such, producers can opt for more frequent
sampling schedules. This more timely information
should improve the monitoring program by increasing
the producer’s ability to detect a recent change in any
one group’s performance. However, before the routine
adoption of new sampling strategies such as milk-line
sampling, their application should be independently
validated in a farm setting and in a diagnostic context
(i.e., as a diagnostic tool for nutritional monitoring at
the group level). Potential sources of disagreement be-
tween milk-line and bulk-tank samples could include
incorrect installation of the in-line sampling unit, in-
consistent flow regulation through the sampling device,
or failure to thoroughly agitate the bulk tank before
bulk-tank sample collection.

High concordance correlation coefficients in this
study indicated that agreement between the two sample
types ranged from very good to excellent for the milk
components of interest (range = 0.82 to 0.95). Only a
very small, and statistically nonsignificant, numerical
difference was observed between bulk-tank and milk-
line sample results for any of the three major compo-
nents of interest: milk fat estimated difference = 0.02%
(SD =0.053, P =0.70); true protein estimated difference
=-0.018% (SD =0.026, P =0.49); MUN estimated differ-
ence = —0.17 mg/dl (SD = 0.29, P = 0.56). In addition
to being statistically “not different,” these very small
numerical differences were not large enough to result in
errors of interpretation or in the management decisions
derived from monitoring this type of data.

One issue not addressed in this study, because the
milk line samples collected represented an entire milk-
ing, was whether there is much opportunity for the
carryover of milk in the line from a previous group to
commingle with milk from the current group of cows
being sampled, potentially leading to inaccurate re-
sults. While the potential for carryover between succes-
sive groups is real, the influence of the relatively small
volume of carryover milk actually sampled should be
minor, once diluted with the significantly larger volume
of milk collected from the current group. This issue is
potentially more important when considering its impact
on bacterial culture results (not discussed in this paper)
than with milk component data. One possible method
of preventing such carryover from occurring might be

Journal of Dairy Science Vol. 85, No. 9, 2002



2196

to allow the milk line to be “flushed” with milk from
the current group for a few minutes, before opening the
flow regulator on the fluid line to start collecting a new
sample from the current group. While the issue of car-
ryover between successive groups of cows is probably
not practically important in terms of its potential im-
pact on accuracy and subsequent interpretation of milk
component data, this question should be addressed, if
possible, in future studies.

CONCLUSIONS

The results of this field study showed that milk sam-
ples collected from the QMI Safe Septum sani-elbow
milk-line sampling device in a farm setting provide milk
component results that agree very well with bulk-tank
sample results collected from the same group of cows
during the same milking. These results should not be
extrapolated when considering the function of other
available line sampling devices. These results support
the use of this QMI sampling device in programs to
monitor milk component information at the group level.
This milk-line sampling strategy should provide pro-
ducers with inexpensive, timely, and accurate informa-
tion that will help to improve ongoing nutritional moni-
toring programs.
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