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ABSTRACT

Feed efficiency has been widely studied in many areas 
of dairy science and is currently seeing renewed interest 
in the field of breeding and genetics. A critical part of 
determining how efficiently an animal utilizes feed is 
accurately measuring individual dry matter (DM) in-
take. Currently, multiple methods are used to measure 
feed intake or determine the DM content of that feed, 
resulting in different levels of accuracy of measurement. 
Furthermore, the scale at which data need to be col-
lected for use in genetic analyses makes some method-
ologies impractical. This systematic review aims to pro-
vide an overview of the current methodologies used to 
measure both feed intake in ruminants and DM content 
of feedstuffs, current methods to predict individual DM 
intake, and applications of large-scale intake measure-
ments. Overall, advances in milk spectral data analysis 
present a promising method of estimating individual 
DM intake on a herd scale with further validation of 
prediction models. Although measurements of individ-
ual feed intake rely on the same underlying principle, 
the methods selected are largely dictated by the costs 
of capital, labor, and necessary analyses. Finally, DM 
methodologies were synthesized into a comprehensive 
protocol for use in a variety of feedstuffs.
Key words: dry matter intake, feed efficiency

INTRODUCTION

The large economic impact of feeding costs in dairy 
cattle production has motivated the investigation of 
the genetic background of feed intake and efficiency 
of nutrient utilization, which were shown to be mod-

erately heritable traits (e.g., Korver, 1988; Veerkamp, 
1998; Pryce et al., 2014). However, genetic selection 
for improved feed efficiency has been rather limited, 
especially due to the costs and practical limitations of 
individually measuring feed intake for a large number of 
animals. Dry matter intake is a key variable in assess-
ing feed efficiency, which is obtained based on 2 steps: 
the measurement of feed intake and the estimation of 
DM content of that feed. Proper management of DMI 
is critical because insufficient intake represents a major 
limitation of milk synthesis (Allen, 2000). In production 
settings, proper management can be accomplished by 
visually assessing the amount of feed refused (i.e., orts) 
in a given period and adjusting the amount offered as 
necessary (Bolsen and Pollard, 2004). However, in the 
context of research and for selective breeding based on 
the genetic merit of feed efficiency, quantitative mea-
sures of DMI on individual animals are needed in ad-
dition to information on ration composition. Although 
DMI can be easily measured in studies using small 
groups of animals, the traditional method of weighing 
orts is not economically feasible for population-scale 
analysis.

Currently, the lack of large-scale DMI data collection 
is a limiting factor for the implementation of genetic 
and genomic selection for improved feed efficiency, 
where a large number of measurements (hundreds to 
thousands of animals) is typically required for accurate 
estimation of genetic parameters and breeding values. 
Dry matter intake is of particular importance in the 
development of novel breeding objectives, such as those 
regarding feed efficiency and methane emissions (e.g., 
Korver, 1988; de Haas et al., 2011; Pryce et al., 2014; 
Miglior et al., 2017). In addition to challenges associ-
ated with measuring feed intakes, no single standard 
has been adopted to estimate DM content of feeds. This 
variability in methodology will translate to variation in 
results across studies (e.g., Ahn et al., 2014) and result 
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in subsequent difficulty in comparing study results. In 
an effort to address these issues, this review aims to (1) 
highlight current methods of measuring and predict-
ing DMI in dairy cattle and (2) systematically review 
methods currently used to measure DMI and critically 
assess their application to large populations.

PHENOTYPIC DMI PREDICTION MODELS

Ration Formulation

Dry matter intake is the backbone of ration formula-
tion because it sets the limit for nutrient intake. Al-
though individual companies, governments, and other 
organizations may develop their own ration formula-
tion models and guidelines [e.g., INRA feeding system 
for ruminants (INRA, 2018), NorFor (Volden, 2011)], 
2 models featured prominently in the dairy nutrition 
literature are the NRC (NRC, 2001) and Cornell Net 
Carbohydrate and Protein System (CNCPS; Tylutki 
et al., 2008) models. Although it is best practice to use 
observed DMI values when formulating rations with 
any model, both NRC and CNCPS include prediction 
equations for DMI for cattle at different life stages 
(e.g., calves, growing heifers, mature cows) and dif-
ferent stages of lactation. The CNCPS model predicts 
DMI for lactating dairy cows based on BW, FCM yield, 
ambient temperature, and lot mud depth (which nega-
tively affects an animal’s willingness to go to the feed 
bunk; Fox et al., 2004), whereas the NRC model uses 
metabolic BW (BW0.75; Kleiber, 1961), FCM, and week 
of lactation (to account for low DMI in early lacta-
tion; NRC, 2001). In ration formulation, it is common 
practice to use herd averages for the input variables 
described above. Although estimation of DMI for indi-
vidual animals is possible, the use of conventional ra-
tion formulation software to estimate individual intakes 
for an entire herd would be neither economically nor 
practically feasible in large herds at this time. With 
the advancements in on-farm data collection and the 
dearth of information available on individual animals, 
it is very likely that ration formulation for individual 
animals will become feasible in the near future; howev-
er, until the technology to mix and feed specific rations 
to individual animals becomes practical, this does not 
serve to benefit the average producer.

Residual Feed Intake and Linear Regression Models

Whereas the models used in ration formulation are 
deterministic, the models used to calculate residual 
feed intake (RFI) are stochastic in nature. The concept 
of RFI was first described by Koch et al. (1963) in beef 
cattle as a measure of feed efficiency. It has since been 

applied to many other agricultural species, though it 
has grown popular in dairy cattle only in recent years 
(Waghorn et al., 2012). To calculate RFI, DMI is re-
gressed on the various energy sinks of the animal; in 
dairy cattle, this can include parameters representative 
of milk yield (i.e., FCM, fat- and protein-corrected milk 
yield, or ECM yield), metabolic BW, BW change, and 
week of lactation (Byskov et al., 2017). As with all sta-
tistical analyses, it is important to use sound practices 
when constructing statistical models and interpreting 
effects. For instance, including an effect for time cap-
tures variation that may arise from sources that were 
not measured. Furthermore, the terms included in the 
model will depend on the data available and the hy-
pothesis being tested. It is a common misconception 
that the objective is to directly predict RFI. On the 
contrary, RFI is the residual term of the DMI predic-
tion model—that is, the difference between the ob-
served DMI and that expected based on contemporary 
group performance and the energy sinks included in the 
model (Veerkamp et al., 1995). One of the major short-
comings of RFI is that because it is the residual error 
of the DMI prediction model, any residual variance due 
to an improperly specified statistical model or errors in 
measurement is included in the measurement and may 
account for 41 to 47% of the variation in RFI (Fischer 
et al., 2018b). It is also important to note that RFI in 
the traditional sense does not adequately account for 
differences in ration composition, making it difficult to 
compare between contemporary groups. A more robust 
method is to correct for the net energy content of the 
ration, termed residual net energy intake (Fischer et 
al., 2018a), while accounting for differences between 
contemporary groups (e.g., housing and management 
conditions).

Milk MIR Spectral Data

As early as 2011, milk mid-infrared (MIR) spectral 
data have been used to estimate energy balance in 
dairy cattle (e.g., McParland et al., 2011, 2012). Sub-
sequently, the same methodology was applied to the 
prediction of RFI (McParland et al., 2014); however, as 
previously described, observed DMI values are required 
for the calculation of RFI. In an effort to eliminate the 
need for individual DMI recording, Shetty et al. (2017) 
used a partial least squares approach to develop models 
to estimate DMI based on MIR spectral data. These 
models were further improved by Dórea et al. (2018) 
using an artificial neural network approach. Further 
work needs to be done in terms of validation (Dórea et 
al., 2018); however, these models represent a promising 
means of estimating individual energy intake, as MIR 
is widely used to determine composition in milk testing 
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(McParland et al., 2011; Wallén et al., 2018), which 
would eliminate the need for additional infrastructure. 
As energy intake can be described mathematically as 
the product of DMI and diet energy density, the esti-
mation of DMI from energy intake is straightforward.

Spatial Imaging

Methods of determining individual feed intakes are 
currently being developed that make use of advanced 
image processing technology to assess feed intake, such 
as the machine vision method of Shelley et al. (2016) 
and the photogrammetry method developed by Bloch 
et al. (2019). Recently, Viking Genetics (Randers, Den-
mark) demonstrated the use of a consumer 3D camera 
system that is capable of both identifying individual 
cows in a herd and measuring individual feed intakes 
(Lassen et al., 2018; Thomasen et al., 2018). Although 
these systems have yet to be extensively tested, it is 
possible that implementation on a large scale could 
generate data similar to feed bunk systems at a reduced 
capital cost.

APPLICATIONS OF LARGE-SCALE INDIVIDUAL  
DMI MEASUREMENTS

Being able to collect DMI data on individual animals 
throughout a herd would provide benefits in both pro-
duction and research settings. Dairy producers around 
the world have demonstrated an interest in a variety 
of high-throughput technologies that help improve the 
management of large herds, particularly with the shift 
from tiestall to freestall housing (Gargiulo et al., 2018). 
The ability to integrate DMI measurements with other 
data produced on-farm, such as milk and component 
yields, BW, and BCS, would allow producers to make 
the shift from feeding animals as groups to feeding ani-
mals to their specific requirements as dictated by their 
individual production level. Furthermore, knowledge 
of feed intake would enable the estimation of energy 
balance throughout lactation and bolster the current 
methods of detection of various metabolic disorders, 
such as subclinical ketosis.

Dry matter intake has always been a staple measure-
ment in dairy nutrition research, but it is now gaining 
popularity in the field of breeding and genetic selection. 
With the current interest in traits such as feed efficiency 
and methane emissions (e.g., Pryce et al., 2014; Miglior 
et al., 2017), a far greater number of both animals and 
records is needed to elucidate the genetic variance and 
markers associated with these phenotypes. It would 
take several years for a single research group to gen-
erate the volume of data necessary to perform these 
analyses, which has spurred the formation of a variety 

of global research partnerships [e.g., those based out 
of the United States (VandeHaar et al., 2016), Scan-
dinavia (Li et al., 2016), and Australasia (Pryce et al., 
2018)], the Global Dry Matter Initiative (Berry et al., 
2014), Genomic Management Tools to Optimize Resil-
ience and Efficiency (https:​/​/​www​.gentore​.eu), and the 
Efficient Dairy Genome Project (https:​/​/​genomedairy​
.ualberta​.ca). By pooling data and expertise, these 
groups are able to generate vast amounts of data from 
which the biological underpinnings of feed efficiency can 
be characterized, which can then be used to incorporate 
the trait into breeding programs (Lu et al., 2018).

SYSTEMATIC REVIEW OF CURRENT PRACTICES

A systematic review of the recent literature was con-
ducted to identify techniques currently used in research 
settings to determine both as-fed intakes and feed DM 
content. An initial set of 568 articles published between 
August 2017 and August 2018 was retrieved from the 
journals listed in Table 1. Articles were then screened 
for the following exclusion criteria: meta-analyses or 
reviews; nonruminant species; no description of DM 
estimation methodology or determination of as-fed in-
takes; methodology presented in a separate publication; 
liquid diet (i.e., milk or milk replacer); and in situ, 
ex vivo, or in vitro studies. Exclusion of publications 
based on these criteria resulted in a final working list of 
266 publications. From these publications, a database 
was created containing the number of animals used per 
study, the species of ruminant (e.g., dairy or beef cattle, 
sheep, goat), method used to measure feed intake, and 
method used to determine feed DM content. A descrip-
tive summary of this database is presented in Table 2. 
Although many different methodologies measure both 
feed intake and DM content, only those used in the 
data set are presented in this review in an effort to 
reflect current practices.

Determination of As-Fed Intakes

Although studies used different technologies and 
methods to measure feed intake, the underlying prin-
ciple—determining how much feed was offered and how 
much feed was refused by the animal—remained the 
same. By far, the most commonly used methodology 
was the weighing of orts (~70% of studies reviewed). 
Although this technique is simple and inexpensive when 
only a small number of animals are tested, it is labor 
intensive. Furthermore, this technique works well in a 
tiestall setting, where separate feed bunks can be allo-
cated to each animal, but fails when animals are group 
housed with access to a communal bunk, where only a 
group average can be determined effectively (e.g., Silva 

https://www.gentore.eu
https://genomedairy.ualberta.ca
https://genomedairy.ualberta.ca
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et al., 2018). Semiquantitative methods, such as the 
South Dakota State 4-point bunk scoring system (Bol-
sen and Pollard, 2004; Antonelo et al., 2017), can be 
used to roughly estimate feed intakes, although these 
are more suitable for management than for research or 
genetic selection.

After weighing orts, the majority of other methodolo-
gies addressed the issue of determining individual feed 
intakes in group-housing settings. These technologies 
included the Calan Broadbent Feeding System (i.e., 
Calan gates; American Calan Inc., Northwood, NH), 
the Controlling and Recording Feed Intake system (i.e., 

CRFI; BioControl Norway As, Rakkestad, Norway), the 
GrowSafe System (Growsafe, Calgary, AB, Canada), 
and the roughage intake control system (i.e., Insentec 
feeders; Hokofarm Group BV, Marknesse, the Neth-
erlands). These systems use animal radio frequency 
identification tags either to restrict feed bunk access to 
a specific animal (e.g., Calan gates) or to electronically 
record when a given animal enters the feed bunk and 
the difference in weight of feed upon exiting the bunk 
(e.g., GrowSafe, CRFI, and Insentec). Access to both 
CRFI and Insentec feed bunks can also be restricted to 
specific animals. Although these systems may consti-
tute a significant investment in infrastructure, this is 
offset by the reduction of labor costs associated with 
weighing orts (except when using Calan gates, which 
require manual weighing of orts) while allowing for 
the measurement of individual feed intakes on a much 
larger number of animals.

For studies that were performed in a pasture-based 
system, herbage intake was estimated either by linear 
regression or using indigestible fecal markers. The 
majority of these studies used linear regressions to 
estimate the average herbage mass consumed per ani-
mal. To accomplish this, a rising plate meter is used to 
measure the herbage height in representative quadrats. 
The quadrats are then harvested and analyzed for DM 
content. The data are then used to develop a linear 
regression predicting DM yield per unit area from ris-
ing plate meter height (e.g., Steyn et al., 2018). By 
measuring herbage heights before and after the grazing 
period and taking account of stocking density, it is pos-
sible to estimate the average DMI per animal, though 
it is important to note that this method has very low 
accuracy for individual intakes and is more suited for 
estimating the average intake for a group of animals.

Several other pasture-based studies made use of fecal 
excretion of indigestible markers, such as indigestible 
NDF (Marquez et al., 2017), chromic oxide and tita-
nium dioxide (van Wyngaard et al., 2018), fecal CP, 
or plant wax markers, such as n-alkanes (Savian et al., 
2018). Although these methods yield individual and 
more accurate DMI data compared with herbage mass 
prediction equations, labor costs are drastically higher 

Table 1. Selection criteria for the initial pool of articles reporting techniques currently used in research settings to determine both as-fed intakes 
and feed DM content

Journal   Issues included   Sections

Journal of Dairy Science 100(8) to 101(8) Animal nutrition
Journal of Animal Science 95(8) to 96(7) Forage-based livestock systems, ruminant nutrition
Journal of Dairy Research 84(3) to 85(2) Research articles
Animal 11(8) to 12(8) Nutrition
Animal Feed Science and Technology 230 to 241 Ruminants

Table 2. Summary of publications included in review

Field   Summary

Sample size1 51 (2–365)
Species2 Dairy cattle (144) 

Beef cattle (66) 
Sheep (40) 
Goats (13) 
Multiple species (2)

As-fed intakes2,3 Orts (185) 
Not specified (17) 
Calan gate (15) 
Insentec feeder (12) 
Rising plate meter/regression (12) 
GrowSafe feeder (8) 
Other feeders (8) 
Indigestible markers (5)

DM estimation2,4 Other methodology5 (136) 
AOAC (82) 
Not specified (29) 
External laboratory (10) 
ISO (4) 
VDLUFA (3) 
MAFF (2)

1Presented as average sample size (range).
2Number of studies presented in brackets.
3Calan gate: American Calan Inc. (Northwood, NH); Insentec feeder: 
Hokofarm Group BV (Marknesse, the Netherlands); GrowSafe feeder: 
Growsafe (Calgary, AB, Canada).
4AOAC = Association of Official Analytical Chemists (Gaithersburg, 
MD); ISO = International Organization for Standardization (Geneva, 
Switzerland); VDLUFA = Association of German Agricultural 
Analytic and Research Institutes (Darmstadt, Germany); MAFF = 
UK Ministry of Agriculture, Fisheries and Food (London, UK).
5Methods with no citation for drying temperatures and times used that 
did not align with other standard methodologies.
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due to dosing animals with each marker, performing 
individual fecal collections, and analyzing samples for 
the respective markers. Furthermore, knowledge of to-
tal fecal excretion per individual animal is required to 
accurately estimate DMI using the fecal CP method, 
which presents a significant challenge in most pasture-
based systems (Savian et al., 2018).

Determination of DM Content

When determining DM content of feedstuffs, a variety 
of procedures were implemented. Roughly half of the 
articles reviewed (136 of 266) described their methods 
directly in the text (including whether samples were 
sent to an external laboratory), 91 referenced a pub-
lished standard methodology, 10 referenced a previous 
publication, and the remaining 29 provided no detail 
on DM analyses.

An outline of the standard methodologies referenced 
is presented in Table 3. Of the 91 papers that refer-
enced a standard method, 82 were published in Official 
Methods of Analysis (AOAC International, 2005). The 
remaining publications referenced either International 
Organization for Standardization (Geneva, Switzer-
land) procedure 1999:6496 (ISO, 1999) or publications 
by either the Association of German Agricultural Ana-
lytic and Research Institutes (VDLUFA, 2007) or the 
United Kingdom Ministry of Agriculture, Fisheries and 
Food (MAFF, 1981). Several publications stated that 
DM analyses were conducted by external laboratories, 
the most common in the United States being Dairy 
One (Ithaca, NY). As such, Dairy One and 2 other feed 
labs (A&L Canada Laboratories, London, ON, Canada; 
SGS AgriFood Labs, Guelph, ON, Canada) were con-
tacted to determine the methods used for routine DM 
analysis at each location; these are presented in Table 
3.

After a thorough review of the methodologies pre-
sented in the literature without citation of a formal 
standard, the majority were variations of procedures 
adopted by the National Forage Testing Association 
(NFTA, 1993). These procedures provide a thorough 
overview of the various methods of determining DM 
as applied to animal feeds and forages, with particular 
respect to feedstuffs with high VFA content, such as 
silages. A brief summary of these procedures is pro-
vided below as they relate to in-house DM determina-
tion, with a particular focus on oven-drying methods. 
Although procedures have been developed to determine 
DM content using microwaves and hand-held near-
infrared reflectance spectrometers, the results from 
microwave drying are highly variable, and insufficient 
research has been conducted using hand-held near-
infrared reflectance devices (Johnston, 2018).

Partial Versus Analytical DM. Partial DM is 
achieved by drying samples ≤60°C, resulting in a sam-
ple with low moisture content (3–15%). This allows for 
adequate grinding of samples for further analyses and 
is used in NFTA 2-step DM methods (NFTA, 1993). 
Analytical or laboratory DM represents the true DM 
content of a feedstuff and is best determined using the 
Karl Fischer titration method (AOAC International, 
2005, method 2001.12), which is considered the refer-
ence for all DM methods (Thiex and Richardson, 2003).

Single-Step Methods. For feedstuffs with a DM 
content >85%, oven drying for 2 h at 135°C provides an 
estimate of DM that closely agrees with the Karl Fischer 
method and is highly repeatable (NFTA, 1993, method 
2.1.1; AOAC International, 2005, method 930.15). 
Oven drying at 100°C for 24 h (AOAC International, 
2005, method 967.03) or 105°C for 16 h (NFTA, 1993, 
method 2.1.2) are also suitable methods for single-step 
DM determination, though such methods limit the 
downstream uses of the sample. All single-step methods 
are inappropriate for use with fermented samples due 
to VFA and alcohol losses (NFTA, 1993).

2-Step Methods. For samples with an initial DM 
content of <85%, it is recommended to use 2-step 
methods (NFTA, 1993, method 2.2.3) to facilitate ad-
equate homogenization of samples. In the first step, the 
partial DM is determined by drying samples at 55°C 
for 16 to 24 h (NFTA, 1993, method 2.2.1.1), which 
approximates the DM determined by toluene distilla-
tion (AOAC International, 2005, method 925.04) for 
silages. After partially drying, samples can be ground 
to pass through a 1- to 2-mm screen (AOAC Interna-
tional, 2005, method 950.02) and further dried using 
one of the single-step methods previously described to 
determine the analytical DM. The total DM content of 
the samples is calculated as the product of the partial 
and analytical DM.

RECOMMENDATIONS FOR THE DETERMINATION 
OF DM CONTENT

Based on the different methodologies reviewed herein, 
we have provided the following recommended method-
ology for the determination of DM content. These pro-
cedures may have to be adjusted based on study design, 
ration formulation, method of feed delivery (e.g., TMR, 
component feeding), and other factors. The following 
method is suitable for the estimation of DM of all feed 
types, though it may affect other downstream analyses 
using the same sample. The use of this methodology 
should provide results comparable with those of the 
Karl Fischer titration method (AOAC International, 
2005, method 2001.12) while reducing variability in 
results across studies (Ahn et al., 2014).
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Sample Collection

Representative samples of rations, feedstuffs, or 
both should be collected weekly at minimum, whereas 
samples of orts should be collected daily from each feed 
bunk and pooled by week (depending on study goals 
and length of trial). In the instance where feedstuffs are 
of heterogeneous particle size or not mixed thoroughly 
(e.g., component feeding), researchers should be wary 
of the effect of sorting behavior on both composition 
of feed consumed by the animal and subsequent DM 
analyses (Sova et al., 2013) and adjust sample collec-
tion accordingly. It is important to include orts in DM 
analyses because additional moisture is added to orts 
in the form of saliva, spilled water, and other fluids, 
which will cause differences in the DM relative to the 
ration that was offered. Regarding collecting samples 
from pasture, the nutrient profile of plants has been 
shown to change over the course of the daily photo-
period (Brito et al., 2008); this should be taken into 
account in the collection of sufficiently representative 
samples. Samples should be stored in airtight contain-
ers at −20°C until analyzed for DM.

Determination of Partial DM

To determine partial DM, prepare sufficient empty, 
oven-safe containers to analyze duplicates of feed 
and orts samples by drying at 55°C for 2 h. Using a 
gravimetric balance, weigh containers to the nearest 
0.01 g (W1). Tare the empty container and weigh ap-
proximately 150 g of sample into the container and 
record weight to the nearest 0.01 g (W2). Ensure that 
samples are spread evenly throughout the container. 
Dry samples in a forced-air drying oven at 55°C for 24 
h, leaving adequate space between containers to allow 
air to circulate. Remove containers from the oven and 
allow to equilibrate at room temperature for 4 h. Weigh 
the sample and container, recording the weight to the 
nearest 0.01 g (W3). The partial DM (DMP; percentage 
basis) is calculated as

	 DMP (%) = (W3 − W1)/W2.	

Determination of Analytical DM

To determine analytical DM, grind samples to pass 
through a 1-mm screen. Preheat containers and 3 por-
celain crucibles by placing in an oven at 100°C for 2 
h. Warm gravimetric balance by placing each crucible 
sequentially on the balance for 20 s each. One at a 
time, remove containers from the oven, place on the 
balance for 15 s, and record weight (W4) to the nearest 

0.1 mg. After weighing, allow containers and balance to 
cool for 1 h. Weigh approximately 2 g of sample into 
each container and record the weight of the sample and 
container to the nearest 0.1 mg (W5). Shake the con-
tainer to evenly distribute the sample. Place contain-
ers, in addition to 3 porcelain crucibles, into an oven 
preheated to 100°C and dry uncovered for 24 h. Warm 
gravimetric balance and weigh samples to nearest 0.1 
mg (W6) as previously described. The analytical DM 
(DMA; percentage basis) is calculated as

	 DMA (%) = (W6 – W4)/(W5 – W4).	

Calculation of DMI

As previously discussed, as-fed intakes are calculated 
as the difference between the amount of feed offered 
and the amount of feed refused. The determination of 
these values will depend on the method of feed deliv-
ery; however, the underlying principle is the same. The 
total DM (DMT; percentage basis) is the product of the 
partial and analytical DM:

	 DMT (%) = DMP (%) × DMA (%).	

This calculation will produce the weekly average total 
DM of both feed and orts samples. Dry matter intake 
is then calculated as the difference in weights (W) of 
feed offered and orts multiplied by their respective total 
DM:

	 DMI = (WFeed × DMT,Feed) − (WOrts × DMT,Orts).	

When performing these calculations, it is important to 
ensure that observations are multiplied by the correct 
total DM based on sampling week. Additionally, en-
suring that orts are matched to the correct animal is 
imperative for determining individual intakes. In situa-
tions where animals have access to multiple feed bunks, 
it may be more appropriate to use an average total DM 
for orts across all feed bunks.

CONCLUSIONS

When determining DMI on a herd scale, the underly-
ing principle is the same regardless of the technology 
used. The main limitation of measuring DMI on the 
herd scale is the measurement of individual feed intakes, 
particularly in group-housing systems. To address this 
limitation, research groups and herd managers will have 
to evaluate the trade-off of labor for capital investment 
to determine which feed delivery system best meets 
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their specific needs. Once the issue of individual intakes 
is addressed, the use of a standard method of deter-
mining DM content will help ensure that phenotypic 
measurements are consistent across populations. With 
adequate validation, milk MIR spectral data present 
a convenient method of generating phenotypes for a 
large number of animals using existing infrastructure 
and practices.
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