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TMR Sampling: Valuable Exercise or a Random Number Generator?
Bill Weiss1,2, Peihua Zhang2, John Goeser3, and Normand St-Pierre2
2
Department of Animal Sciences, The Ohio State University
3
Rock River Laboratory, Inc. and
Department of Dairy Science, University of Wisconsin

Summary
Sampling and analyzing the total mixed
ration (TMR) has several potential uses. It can
EH XVHG WR LGHQWLI\ QXWULWLRQDO GH¿FLHQFLHV RU
surpluses in the diet that was actually fed to the
cows. It can be used to estimate manure excretion
of nutrients via mass balance calculations. The
consistency of ration delivery can be evaluated
by sampling the TMR, and it can be used to
determine whether the ration that is delivered
to the cows is the same as the diet that was
formulated. However, for any of these uses to be
YDOLGWKH705VDPSOHPXVWDFFXUDWHO\UHÀHFW
the diet that was actually fed. Previously, we
found that sampling variation was substantial
for TMR samples. This was investigated
further by sampling three different TMR (one
had silages and concentrate; one had silages,
concentrate and hay, and one had silages, hay,
whole cottonseed, and concentrate) using two
different sampling protocols. One protocol was
simple and consisted of taking several handfuls
of TMR across the feed bunk. The other protocol
consisted of putting trays in the feedbunk prior
to feed delivery and then removing the trays
¿OOHGZLWK705PL[LQJDQGVDPSOLQJIURPWKH
trays. Sampling protocol had very little effect
on sampling variation or on the accuracy of the
sample. Samples of TMR did not accurately
estimate the true mineral concentrations
(sodium, phosphorus, and copper) of the TMR.
A single sample of TMR (using either protocol),

however, generally gave an accurate estimate
of the true concentration for dry matter (DM)
and crude protein (CP) in the TMR. For neutral
GHWHUJHQW ¿EHU NDF), a single sample had a
high risk of being wrong (i.e., inaccurate), but
taking duplicate samples and averaging the
analytical results were generally accurate. TMR
sampling can be accurate for macronutrients but
care must be taken when sampling and often
duplicate samples will be required.
Introduction
Proper sampling of ration ingredients
and submitting those samples for nutrient
analysis to a good lab are essential components
of diet formulation. The relative importance
of sampling, analytical, and real variation on
overall variation in nutrient composition data
of ingredients has been discussed at previous
conferences (Weiss et al., 2012; Weiss et
al., 2014). Sampling variation was an equal
or greater source of variation than was real
month-to-month variation for corn silage over
a 12-month period. Although real variation over
a 12-month period was the greatest source of
variation for hay crop silage, sampling variation
was still an important source of variation. The
overall conclusion from all those data is that
averages of duplicate samples should be used
for ration formulation. Using means rather
than individual sample data will increase the
likelihood that the nutrient composition of the
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actual diet is reasonably close to formulation
VSHFL¿FDWLRQV
Ingredients are sampled and analyzed
mainly to provide data for diet formulation.
TMR are sampled and analyzed for other
reasons, including monitoring consistency both
within a feedbunk and day-to-day, evaluating
the feeder and TMR mixer, and determining
whether the nutrient composition of ingredients
within the TMR may have changed. Because
of the different use of TMR composition data
compared with ingredient composition data,
sampling protocols and schedules developed for
LQJUHGLHQWVPD\QRW¿W705VDPSOLQJ
Why Sample a TMR ?
1. Assessing within bunk variation in nutrient
delivery. Ideally, the nutritional composition
and physical form of a TMR is consistent
within a pen (the portion of the TMR
that was delivered first should be very
similar that which was delivered last).
Numerous factors affect consistency of
TMR delivery, and these were discussed at
a previous conference (Oelberg, 2015) and
will not be discussed here. When evaluating
consistency of delivery, samples are taken at
various locations across the bunk, analyzed
for something and then the variation is
calculated. This measure of variation is
compared to a benchmark to determine
whether the TMR is consistent across the
pen. A basic premise of this approach is
that the variation between samples is caused
by location and not sampling. Sampling
variation refers to the difference between
two samples taken in the same location
within a feed bunk. If that variation was
similar to the variation between samples
taken at different locations within the feed
bunk, you would not know whether diet
delivery was inconsistent (i.e., location in
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the bunk really affects composition) or if
the sampler was not very good at taking
representative samples. Therefore, if your
objective is to evaluate consistency, multiple
samples at multiple locations within the feed
bunk should be taken so variation caused by
sampling and location can be partitioned.
2. Assessing day-to-day consistency of
TMR delivery. It is unclear at this time
whether day-to-day variation in nutrient
composition of TMR is important. In
a survey-type experiment (Sova et al.,
2014), herd average milk production
was negatively correlated with day-today variation in NEL concentration (i.e.,
high variation was associated with lower
herd average production). However in
controlled experiments, substantial day-today variation in NDF, forage to concentration
ratio, and fatty acids had no major effects
on cow productivity (McBeth et al., 2013;
Weiss et al., 2013; Yoder et al., 2013).
Nonetheless, if your objective is to evaluate
day-to-day variation in nutrient delivery,
sampling variation must be separated
from variation caused by day. To do this,
multiple samples must be taken each day
over multiple days. This will allow you
to determine whether day is the source of
variation or if the observed variation is
simply an artifact of sampling (or more
likely both sources are probably important).
3. Determining whether the delivered ration
matches the formulated one. The nutrient
composition of commonly fed forages and
many concentrates exhibit substantial within
farm variation (Weiss et al., 2012; St-Pierre
and Weiss, 2015). Sampling and monitoring
TMR composition could be used to suggest
when the nutrient composition of a feed or
feeds have changed, indicating it is time to
re-sample ingredients and re-formulate the
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diet. In addition to the nutrient composition
of the individual ingredients in a TMR, the
QXWULHQWFRPSRVLWLRQRID705DOVRUHÀHFWV
the recipe that was actually delivered to the
pen on that day. Sampling TMR can be used
to troubleshoot diets and feed delivery. If
a diet is formulated to precisely meet the
nutrient requirements for a pen of cows and
if the requirement model used is accurate,
milk production should decrease if the
actual delivered diet provides less nutrients
over a period of days than anticipated.
Because of feeder errors and scale errors,
the delivered diet may differ markedly from
the formulated diet even, when the nutrient
composition of the individual ingredients
has not changed. Sampling a TMR, if the
UHVXOWVDFFXUDWHO\UHÀHFWWKHGHOLYHUHGGLHW
could help a nutritionist identify nutrient
deficiencies or feed delivery problems.
To make valid conclusions regarding the
nutrient composition of the delivered diet,
WKH VDPSOH UHVXOWV PXVW DFFXUDWHO\ UHÀHFW
the composition of the TMR delivered
to the pen. If sampling error is high, a
nutritionist may conclude that the delivered
TMR is not what was formulated and
spend time trying to identify the reason
why that occurred, when in reality the
TMR was correct; it was the sample
that was bad. Conversely, a bad sample
could suggest that the TMR is matching
specifications when really it does not.
4. Monitoring nutrient management plans. On
some dairy operations, the amount of P and
N excreted in manure must be monitored
to ensure compliance with environmental
regulations. Accurate sampling of manure
LVH[WUHPHO\GLI¿FXOWDQGFDOFXODWHGQXWULHQW
balance offers an alternative approach
(Castillo et al., 2013). Intake of P or N can
be calculated by multiplying feed delivery
to the herd times its concentration of P and
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N and sampling milk and analyzing that for
P and N and then subtracting milk secretion
from intake. The remainder is an estimate of
the amount of N and P excreted in manure.
Measuring the P and N (i.e., CP) in a TMR
sample can be used to estimate intake of
those nutrients. However, if the sample does
QRW DFFXUDWHO\ UHÀHFW WKH705 WKH DFWXDO
nutrient application to soil may exceed a
farm’s nutrient management plan.
Using TMR composition data to evaluate
diets and troubleshoot nutritional problems has
great potential; however, for TMR data to be
useful, the nutrient composition of the sample
PXVWDFFXUDWHO\UHÀHFWZKDWZDVGHOLYHUHGWRWKH
pen (i.e., the sample results must be accurate).
The recurring theme for all the possible uses of
TMR sampling data is that sampling error must
be known for you to reach valid conclusions
regarding the data.
Is Sampling Error a Concern for TMR?
Sampling error (or sampling variation)
simply means that if you take multiple samples
from the same population, you obtain different
values (ignoring analytical variation). A
population could be a truck load of distiller
grains, a pile of silage that will be fed to a group
of cows today, or a TMR that was delivered to
a pen of cows. With respect to feeds and TMR,
sampling error occurs because different particles
(which are what are actually sampled) have
widely different nutrient composition. A TMR
is comprised of particles that vary in density,
size, shape, and nutrient composition. A stem
of hay is light, long, and is generally high in
¿EHUZKHUHDVDJUDLQRIVDOWLVKHDY\VPDOODQG
KDVQR¿EHU%HFDXVHRIWKLVVDPSOLQJHUURULV
DPDMRULVVXHIRU705)URPD¿HOGVWXG\RI
about 50 dairy farms across the U.S., sampling
and analytical variation (because of the design
of the experiment, these 2 sources of variation
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could not be separated) accounted for 36 to
70% of the total within farm variation in TMR
composition (the range represents different
nutrients) over a 12-month period (St-Pierre and
Weiss, 2015). Sampling error was great enough
to have a substantial impact on interpretation of
results (Table 1). For example, based on Table 1,
you have a 10% chance that a single sample of
TMR could have a CP concentration <16% when
the true concentration was 17.1%. These large
VDPSOLQJHUURUVUHÀHFWWKHKHWHURJHQHRXVQDWXUH
of TMR and the ease at which poor samples can
be taken.
Improper sampling techniques could
result in a sample having fewer small particles
than the actual TMR. Small particles are often
rich in starch, minerals, or protein, which means
that in this case, the sample might have lower
concentrations of those nutrients than the actual
TMR. Because of the wide disparity between
particles with respect to size and density, particle
gradients can develop within a pile of TMR in
the feed bunk. With mechanical movements,
large light particles (such as pieces of hay) tend
to rise to the top of a stack and dense small
particles tend to sink. This means that a handful
of TMR taken from the top of the pile may have
higher NDF concentrations, and a handful of
TMR taken from the bottom of the pile may be
enriched in starch or protein.
TMR Sampling Project
To determine whether sampling method
affected the accuracy (i.e., how close the nutrient
composition of a TMR sample came to the true
composition of the TMR) and precision (how
much variation was observed among samples)
of TMR sampling and to determine the overall
accuracy of TMR sampling, a study was
conducted at the Krauss Dairy Center at OARDC
in Wooster. Three different pens with TMR
that differed greatly in ingredient components
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(Table 2) were sampled for 3 consecutive days
and then sampled again for 3 consecutive days
the following week. Each TMR was sampled
using 2 different sampling methods (discussed
below) and a duplicate sample was taken each
day from each method. Each sample was then
assayed in duplicate for DM, NDF, and CP using
standard wet chemistry methods at the OARDC
Dairy Nutrition Lab. Dry ground samples were
sent to Rock River Laboratory (Watertown,
WI) and analyzed in duplicate for major and
trace minerals using standard wet chemistry
methods. This protocol allowed us to determine
sampling error for 3 different types of TMR and
whether sampling method could affect accuracy
and precision. Not all the statistical analyses
have been completed, so this paper will discuss
mostly accuracy rather than precision.
Sampling protocols
Both protocols were performed
immediately after the TMR was delivered to the
pen. The simple protocol consisted of taking 1
handful of TMR every approximately 10 feet of
the feed bunk, yielding about 6 handfuls per pen.
The top, middle, and bottom third of the TMR
was sampled alternatively as the sampler walked
the feed bunk. The handfuls were placed into a
large plastic bag. The handfuls were collected
with the palm facing upward to reduce loss of
small particles. That process was immediately
repeated to yield a duplicate sample. The
complex sampling protocol consisted of placing
4 trays (2 ft wide x 3 ft long x 8 inches tall
in the manger just before TMR delivery. The
trays were equally spaced across the bunk
(Tray 1 was at the south end, then 2, 3, and 4).
Immediately after feed was delivered, the 4
WUD\V¿OOHGZLWK705ZHUHSXOOHGWRWKHFHQWHU
aisle. At this point, the simple sampling protocol
was conducted. After that was completed, the
contents of Tray 1was emptied onto a clean sheet
of plastic and mixed using a scoop. The contents
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was sectioned and 2 approximately 1/8 sections
was removed with a scoop and placed into an
empty, clean tray. That process was repeated
with Tray 3. The subsample from Trays 1 and 3
were combined, thoroughly mixed, and a section
was removed with a scoop and placed into a bag.
The duplicate sample was obtained by repeating
this process using the contents of Tray 2 and 4.
The 4 samples per pen (2 sampling methods in
duplicate) were brought to the lab and analyzed.

method would be more consistent, and for the
simplest matrix (TMR-3 with just silages and
concentrate), sampling protocol would not have
any effect on sampling variation. With respect
to sampling variation, the simple protocol was
generally just as good (and much easier and
faster) than the complex method.

Effect of Sampling Protocol

We also statistically tested whether
s a m p l i n g p r o t o c o l a ff e c t e d n u t r i e n t
concentrations. This does not evaluate accuracy
(e.g., the protocols could give similar numbers
but both could be wrong). For most nutrients
and TMR types, sampling protocol did not
affect analytical results. The only meaningful
difference between sampling protocols was
for NDF concentration of TMR-3 (silage and
concentrate only). The simple method yielded
a mean of 46.1%, whereas the complex method
had a mean of 43.2% (Table 3). If this was a
FRQVLVWHQW ¿QGLQJ DFURVV705 W\SHV LH WKH
simple method had higher NDF concentrations)
,it would likely mean that the protocol resulted
in loss of small particles, but since this was
only found with one TMR type, it may be just a
VSXULRXV¿QGLQJ

The effect of sampling protocol (simple
vs. complex) on sampling variation was not
consistent across the different TMR or across
nutrients. For the majority of TMR and nutrients,
protocol had no effect on sampling variation.
The complex protocol had greater sampling
variation than the simple method for DM
concentration in TMR-1 (contained hay and
cottonseed), for NDF concentrations for TMR2 (contained hay), and TMR-3 (contained only
silage and concentrate). Conversely, the complex
protocol had statistically lower sampling
variation for NDF concentration of TMR-1, for
CP and Na in TMR-2, and Na in TMR-3. We
hypothesized that for the most variable matrix
(TMR-1 that contained silage concentrate,
hay, and cottonseed), the complex sampling

Accuracy has a flexible definition
depending on how good is good enough. If
you were constructing a nuclear submarine,
tolerances might be expressed in nanometers,
but if you are digging a hole for a fence
pole, tolerances may be several inches. For
TMR accuracy, we decided that if a sample
result was within 5% of the real value, the
sample was accurate. Accuracy was evaluated
for major nutrients (DM, NDF, and CP),
phosphorus (because it can be used in nutrient
management plans and because it is mostly in
basal ingredients, not mineral supplements),
sodium (because most sodium is from salt),
and copper (as an example trace mineral). To
evaluate accuracy, we calculated the deviation
of the real value from each sample result and

Determining accuracy
Each day the TMR were sampled, all
TMR ingredients (silages, hays, concentrate
mixes, and cottonseed) were sampled in
duplicate and analyzed in duplicate using
standard wet chemistry methods. Ingredient
inclusion amounts were recorded electronically
using commercially available TMR software.
Multiplying inclusion rate by assayed
composition (mean of the duplicate samples and
duplicate assays) yielded what we considered
the actual or true composition of the TMR.
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we also calculated the mean of the duplicate
samples (within each protocol) and calculated
the deviation of the real value from that mean.
Minerals
About half the copper in the 3 TMR were
from mineral supplements within the concentrate
mix and about half was from basal ingredients.
Taking a single sample using either protocol
from any of the 3 types of TMR had absolutely
no value in estimating the true concentration
of copper. Of the 72 individual TMR samples
(3 types of TMR x 6 days x 2 protocols x 2
duplicate samples = 72), only 8 (11%) of the
samples were within 5% of the true value and
39 samples (54%) were more than 20% different
from the true value. Across sampling protocols
and TMR types, samples usually had lower
concentrations of Cu than the actual TMR. The
samples for TMR-3 (silage and concentrate)
were slightly less inaccurate compared with
the other two types of TMR. The average
deviation for TMR-1 and TMR-2 was about 25%
(averaged across sampling protocol) and about
18% for TMR-3. Taking duplicate samples and
averaging slightly improved the accuracy of
TMR samples for copper, but the results were
generally so inaccurate as to be useless. Only 1
(3%) of the duplicate means was within 5% of
the true mean, and 17 of the means (47%) were
more than 20% different from the mean.
The vast majority of sodium in these
TMR was from added salt contained in the
concentrate mix; therefore, sodium can be used
as a marker of concentrate inclusion accuracy
and the uniformity of the mix. On average,
sample concentrations of sodium were higher
than true concentrations for TMR-1 (hay and
cottonseed) and TMR-3 (silage) but lower for
TMR-3 (hay). Both sampling protocols had the
same pattern. No difference in accuracy of single
samples was found between the 2 sampling
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protocols, and results for sodium were similar to
those for copper. For sodium, individual samples
from TMR-2 (included hay) were more accurate
than for the other 2 types of TMR (average
deviation for TMR-2 was about 10% compared
with about 22% for the other 2 TMR). We do
not have a reason why that type of TMR yielded
more accurate sampling results. Overall, single
samples for sodium were not accurate; only 12 of
the samples (17%) were within 5% of the actual
concentration and 29 samples (40%) were more
than 20% different from actual concentrations.
Taking duplicate samples and averaging did not
improve the accuracy greatly. Only 6 duplicate
means (17%) were within 5% of the actual value.
Unlike sodium and copper, essentially
all the phosphorus in the 3 TMR was from
basal ingredients not mineral supplements.
Across sampling protocols and TMR types,
concentrations of P in samples was less than
the actual concentration. Sampling method or
TMR type had no effect on accuracy; accuracy
was poor for everything. Only 2 samples (3%)
had P concentrations within 5% of the true
concentrations and 23 samples (31%) differed
from the true values by more than 20%.
Averaging duplicate samples did not improve
accuracy. These data bring into question the
use of TMR sample data to calculate P balance
on farm as part of a nutrient management plan.
The overall conclusion of these data is that a
single TMR sample has little value in assessing
the accuracy of mineral delivery and averaging
duplicate samples probably will not help very
much. Indeed averaging all the samples within
a protocol was still not accurate for minerals
(Table 3).
Macronutrients
Sampling a TMR was accurate for
estimating its true DM concentration. This was
true for both sampling protocols and all 3 types
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of TMR. The average deviation was <3% and
96% of the samples were within 5% of the true
values. Sampling TMR using either method
DFFXUDWHO\ UHÀHFWHG WKH &3 FRQFHQWUDWLRQ RI
the TMR. Differences in accuracy between
sampling protocols were minor. For TMR-2 and
TMR-3, a single sample was within 5% of the
true concentration of CP 80% of the time and
only 1 sample (TMR-2) was >10% different
from the true value. Single samples were less
reliable for the TMR with hay and cottonseed
(54% of the samples were within 5% of the
true value and 8% of the samples were more
than 10% different from the mean). Averaging
duplicate samples eliminated the extreme error
(no mean was more than 8% different from the
true value and most means were within 6% of
the mean).

Taking duplicate samples and averaging reduced
the risk of being wrong but did not greatly
increase overall accuracy. Sampling TMR did
not accurately assess mineral delivery.

As with all other nutrients, sampling
protocol had no effect on accuracy for NDF
concentrations and accuracy did not differ
greatly between the TMR types. A single
sample to assess the NDF concentration of a
TMR was less reliable than for CP. Only 50%
of the single samples were within 5% of the true
concentration for NDF and almost 20% of the
samples differed by more than 10% (Figure 1;
Table 3). Using means of duplicates increased
the chance of being within 5% of the mean (60%
of the means were within 5% of the true values),
but more importantly, means greatly reduced the
chances to obtain extreme deviations (10% of
the means were more than 10% different from
the true value).

Oelberg, T.J. 2015. Effective outcomes of TMR
audits. Proc. Tri-State Dairy Nutr. Conf. pgs.
121-132.

Conclusions
Using a simple, yet good sampling
technique for obtaining TMR samples was
generally accurate for macronutrients (DM,
NDF, and CP); however, using results from
a single sample had a high risk of being very
wrong (>10% different) with respect to NDF.
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Table 1. Sampling variation in TMR samples taken from 49 farms (one pen per farm) over a 12-month
period (St-Pierre and Weiss, 2015).
Nutrient

Mean

Sampling +analytical variation
SD
80% range1

DM, %
48.3
2.91
44.6 – 52.0
NDF, % of DM
32.9
1.81
30.6 – 35.2
CP, % of DM
17.1
0.89
16.0 – 18.2
P, % of DM
0.41
0.030
0.37 – 0.45
Na, % of DM
0.42
0.091
0.30 – 0.54
Cu, ppm
23
5.1
16.5 – 29.5
1
Assuming a normal distribution, 80% of the samples should fall within this range. 10% of the samples
would be higher than the highest value and 10% would be lower than the lowest value.

Table 2. Ingredient composition of three types of TMR (% of DM).
TMR-1
TMR-2
Corn silage
Alfalfa silage
Mixed silage
High quality grass hay
Low quality grass hay
Whole cottonseed
Concentrate1

43
8
0
8
0
10
31

19
32
21
0
9
0
19

TMR-3
22
0
58
0
0
0
20

1

A different concentrate mix was fed in each TMR but the primary ingredients were ground corn,
soybean meal, and minerals. The concentrate was fed as a meal.
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Table 3. The true nutrient concentrations of three TMR (measured over a 6-day period) and concentrations
obtained from sampling the TMR using a simple or complex protocol. All values are on a DM basis1.

DM, %
TMR-1
TMR-2
TMR-3
NDF, %
TMR-1
TMR-2
TMR-3
CP, %
TMR-1
TMR-2
TMR-3
P, %
TMR-1
TMR-2
TMR-3
Na, %
TMR-1
TMR-2
TMR-3
Cu, ppm
TMR-1
TMR-2

True Concentration2
Mean
Range

Simple Protocol3
Mean
Range

Complex Protocol3
Mean
Range

55.5
52.1
49.7

55.4 – 57.5
50.8 – 54.2
48.5 – 50.7

55.1
51.3
48.7

53.9 – 56.5
49.8 – 53.5
46.7 – 50.9

54.6
51.7
49.5

48.6 – 56.9
50.0 – 53.1
48.1 – 51.2

32.4
41.8
45.8

31.2 – 34.2
41.2 – 43.0
44.8 – 47.4

31.5
43.7
46.1

28.4 – 35.0
41.1 – 48.6
42.5 – 50.3

32.2
42.4
43.2

29.7 – 35.3
39.2 – 46.4
39.7 – 47.2

16.4
13.1
12.5

15.8 – 16.8
13.0 – 13.2
12.2 – 13.0

15.7
12.9
12.4

14.5 – 16.6
11.6 – 13.5
11.9 – 13.1

15.3
13.0
12.8

15.8 – 16.8
12.3 – 13.4
12.1 – 13.2

0.38
0.29
0.27

0.35 – 0.40
0.28 – 0.30
0.25 – 0.29

0.32
0.23
0.24

0.28 – 0.34
0.21 – 0.26
0.21 – 0.26

0.32
0.23
0.23

0.28 – 0.35
0.20 – 0.25
0.19 – 0.27

0.12
0.07
0.12

0.10 – 0.13
0.06 – 0.08
0.09 – 0.14

0.14
0.06
0.13

0.11 – 0.18
0.06 – 0.08
0.11 – 0.15

0.14
0.06
0.13

0.12 – 0.17
0.06 – 0.08
0.11 – 0.15

14.6
19.2

13 – 17
18 – 20

11.6
14.5

8 - 16
9 - 19

12.6
13.8

7 – 16
8 – 17

1

TMR-1 contained silages, hay, whole cottonseed, and concentrate; TMR-2 contained silages, hay, and
concentrate; TMR-3 contained silages and concentrates.
2
True concentrations were determined using composition data of the TMR ingredients and actual
inclusion rates. The range represents concentrations over a 6-day period.
3
The simple protocol consisted of taking handfuls of TMR across the feed bunk. The complex protocol
consisted of putting trays in the feed bunk prior to feed delivery and sampling from the trays. The
mean was calculated across 6 days and duplicate samples each day (within sampling protocol). Range
represents the lowest and highest value for a sample.
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Figure 1. True NDF concentration of 3 different TMR and concentrations in individual samples collected
over 6 days. H-1 and H-2 are for duplicate samples collected by taking handfuls of TMR across the
bunk and T-1 and T-2 are from duplicate samples collected in a tray while feed was delivered.
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