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NUTRITION, FEEDING, AND CALVES

Evaluation of Alternative Equations for Prediction

of Intake for Holstein Dairy Cows

ABSTRACT

Six prediction equations for dry matter intake
(DMI) were evaluated for accuracy with independent
data. The equations were selected based on ease of
parameter measurement and practical on-farm use.
The equations were assessed for accuracy of predict-
ing individual weekly DMI for primiparous (n = 105)
and multiparous (n = 136) cows; three-fourths of
these cows were supplemented with a sustained-
release form of bovine somatotropin (bST). Large
variations in accuracy were identified across the six
prediction equations for effects of parity and bST.
Prediction accuracy of all equations for cows in wk 1
to 24 of lactation was better for primiparous cows
than for multiparous cows. Precision of prediction
equations was poor for cows in wk 8 through 12 of
lactation and for cows in >40 wk of lactation. The
equation for DMI with the best accuracy measured by
a low total lactation mean square prediction error
was the modified equation of the National Research
Council: DMI (kilograms per day) =—-0.293 + 0.372 x
fat-corrected milk (kilograms per day) + 0.0968 x
body weight9-75 (kilograms). However, the overall
mean bias (predicted minus observed) of the predic-
tion of weekly DMI of a single cow was high for all
equations, including the modified equation of the Na-
tional Research Council. For wk 2, 4, 8, 10, and 20 of
lactation, the mean bias for the modified equation
was +6, +3.4, -1.3, -2.1, and —2.8 kg/d. The accuracy
of prediction was lower for cows treated biweekly with
bST. High yielding cows and cows treated biweekly
with bST had higher milk yields in relation to body
weight, and standardized prediction equations for
DMI were less accurate.
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INTRODUCTION

Accurate prediction of DMI is important for the
formulation of economical diets and for the diagnosis
of potential losses in milk yield. Previous reviews (6,
11) have identified the interactions of cows with en-
vironmental, dietary, and management factors to de-
termine daily DMI. Because of the complexity of fac-
tors controlling feed consumption, accurate prediction
of daily DMI is difficult. The prediction of the weekly
mean DMI for a dairy cow could provide a more
accurate and practical method for on-farm usage.
Thus, the equations selected for evaluation in this
study contained easily measured parameters and
were evaluated for use in predicting the weekly mean
DMI of individual cows.

Prediction equations for DMI have been derived
mostly by regression techniques applied to historical
databases (6). The developmental databases of previ-
ous prediction equations for DMI (5, 11, 13, 20) have
not contained high yielding Holstein cows. Similarly,
housing systems, dietary ingredients, calving age,
and bST supplementation have all altered the rela-
tionships among cows and dietary factors, which have
traditionally described prediction equations for DMI.
Thus, the accuracy of current prediction equations for
DMI needs to be evaluated. No systematic evaluation
of current prediction equations for DMI has been
conducted with dairy cows that have been ad-
ministered bST.

The purpose of this study was to measure the
accuracy of six prediction equations (7, 9, 12, 14, 20)
for estimating the weekly DMI of high yielding Hol-
stein dairy cows and to determine whether current
prediction equations for DMI with easily measurable
parameters adequately predict DMI when cows are
supplemented with bST.
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MATERIALS AND METHODS

Prediction Equations for DMI

Six prediction equations for DMI were selected
from recent literature based on the criterion that the
required variables could be measured with minimal
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effort on a dairy farm. The six equations are listed in

Table 1, and the databases used to develop each

TABLE 1. Prediction equations for DMI with test data.

equation are described. Four of the equations are
multiple regression equations using primarily BW
and 4% FCM. The equation developed by Weiss (20)
is based on the mechanistic dual intake concept of gut

Identification
and reference

Equation

Developmental database

NRC, modified (12)

CNCPS! (7)

Rayburn and Fox (14)

Kertz et al., single2 (9)

Kertz et al., multiple (9)

Weiss (20)

DMI (kilograms per day) = —0.293 + 0.372

x FCM (kilograms per day) + 0.0968 x
BWO.75 (kilograms)

DMI (kilograms per day) + [0.0185 x BW
(kilograms) + 0.305 x FCM (kilograms)]

x temperature adjustment

if DIM <84, DMI (kilograms per day) = 0.0117
x BW (kilograms) + 0.281 x FCM (kilo-
grams) + 0.0749 x DIM; if DIM >84, DMI
(kilograms per day) = 0.023 x BW (kilo-
grams) + 0.286 x FCM (kilograms) + 0.0201
x DIM - 0.0979 x ration NDF percentage

if DIM <154, DMI (kilograms per day) =
0.008037 x BW (kilograms) + 0.3134 x FCM
(kilograms) + 0.2286 x DIM - 0.002176

x DIM2 + 0.00000705 x DIM3

DMI,; = 13.08 + 0.1468 x FCM — 0.003912

x BW — 1.3 x LNy

DMI, = 12.04 + 0.1951 x FCM - 0.001136

x BW — 1.3 x LN;

DMI; = 10.89 + 0.2061 x FCM + 0.002867

x BW — 1.3 x LN;

DMI, = 10.19 + 0.2365 x FCM + 0.004073

x BW — 1.3 x LNy

DMIs = 9.32 + 0.3031 x FCM + 0.003478

x BW — 1.3 x LNy

DMlg_g = 9.09 + 0.3090 x FCM + 0.005115

x BW — 1.3 x LNy

DMlg 43 = 7.43 + 0.3008 x FCM + 0.010060

x BW — 1.3 x LN;

DMl 59 = 6.65 + 0.3428 x FCM + 0.010553
x BW — 1.3 x LN;

where DMI = DMI (kilograms per day) at
week n, FCM is measured in kilograms per
day, BW is measured in kilograms, and LN =
lactation number. LN = 1 when LN = 1;
otherwise, LN = 0.

DMl (kilograms per day) =
0.011 x BW (kilograms)

1 - [DE/(4.1 + 0.1 x EE)]

DMl (kilograms per day) = 0.011 x BW
(kilograms) +

x (0.08 x BW0-75 + 0.74 x FCM + 5 x BWC)
(4.1 + 0.1 x EE)

C, s = 0.67 + 0.0972 x [4.04 x log(WIM)

— 0.095 x WIM + 0.095]

where DMl = DMI when gut fill is limiting,
DE = digestible energy content of the ration
(megacalories per kilogram), EE = ether ex-
tract concentration of the ration, DMl = DMI
when energy restriction is present, BWC =
BW change (kilograms per day), C,g = early
lactation adjustment, WIM = weeks in lacta-
tion, and log = log base 10.

Historical records and empirical adjustments from
NRC (12).

None

Period observations (n = 149) from 1284 Holstein
cows on data extracted from the literature. Mean
milk yield was 27 kg/d; mean intake was 19.8
kg/d.

Experiments (n = 18) over a 6-yr period from 469
cows. Forage as a percentage of DMI was 37 to
56%. Facilities were evaporatively cooled, and tie-
stall barns were utilized.

Same database as from single equation of Kertz et
al. (9).

Based on work from Conrad et al. (4) with high
forage diets.

1Cornell Net Carbohydrate and Protein System.
2Single or multiple equations.
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fill and energy requirements developed by Conrad et
al. (4) This dual equation predicts DMI indepen-
dently under each equation; the lower value of either
equation is the predicted value. Preliminary evalua-
tion of this dual model by the author (W. P. Weiss,
1990, personal communication) suggested that the
gut fill equation was inadequate for the prediction of
DMI of high yielding cows fed highly digestible diets.
Therefore, the equation was modified to include only
the energy restriction equation and the early lacta-
tion adjustment factor suggested by Weiss (20).

Evaluation Database

The evaluation database that was utilized to meas-
ure the accuracy of the six equations was assembled

ROSELER ET AL.

from four different regions of the US (Arizona,
Florida, New York, and Utah). The database con-
tained records of complete lactations for 241 high
yielding Holstein dairy cows managed under different
environmental, housing (free stalls or tie stalls), and
dietary conditions. The database contained 11,755
weekly individual observations of Holstein cows
managed under typical farm settings in the US. Daily
DMI, milk yield, ambient temperature, and relative
humidity were recorded at each location and summa-
rized as weekly means. Milk samples were taken
weekly and analyzed for SCC, fat, protein, and lac-
tose. Calving date and day of confirmed pregnancy
were used to determine days of gestation.

TABLE 2. Description of the mean and range of cow and environmental variables in the developmental
data used to evaluate prediction equations for DMI.

Measurement nt X SD Range
Maximum DMI, kg/d

Primiparous, control 26 23.9 3.3 15.5-31.3
Multiparous, control 34 28.8 34 20.4-34.0
Primiparous, bST 79 26.3 2.9 20.2-33.8
Multiparous, bST 102 29.7 3.2 22.9-37.8
Mean DMI, all periods 11,755 22.2 4.7 1.0-37.8
Maximum FCM, kg/d

Primiparous, control 26 28.5 5.6 17.4-37.6
Multiparous, control 34 36.9 6.4 21.6-49.6
Primiparous, bST 79 32.8 5.6 19.0-45.0
Multiparous, bST 102 40.5 6.9 23.6-55.1
Mean FCM, all periods 10,337 26.1 7.8 3.1-55.1
Calving BW, kg per cow

Primiparous 136 519.1 62.5 365.5-672.2
Multiparous 105 617.5 77.0 446.0-837.2
Mean BW, all periods 11,755 626.6 86.1 365.5-959.4
Body condition score?

At parturition 241 3.0 0.4 2.00-4.00
All periods 11,755 3.1 0.4 1.75-4.75
Maximum DMI, wk3

Primiparous, control 26 24 11.7 7-46
Multiparous, control 34 15 6.2 6-27
Primiparous, bST 79 33 10.8 10-55
Multiparous, bST 102 20 10.7 5-57
Maximum FCM, wk3

Primiparous, control 26 15 10 3-38
Multiparous, control 34 9 6.6 2-33
Primiparous, bST 79 21 10.4 3-49
Multiparous, bST 102 13 7.5 1-41
Ambient temperature#

Maximum, °C/wk 11,533 20.9 -5.8-39.3
Minimum, °C/wk 11,406 7.7 -18.0-27.5
Relative humidity, %/wk 11,516 61.9 12.2-94.6

INumber of observations over entire trial period.

2Body condition was scored on a five-point scale.

SNumber of weeks postpartum when the maximum value was identified.

4Ambient temperature over the entire 15-mo trial period from the summer of 1987 to the fall of

1988.
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Figure 1. Relationship of mean BW and week of lactation for
(panel A) primiparous control cows (O) and primiparous cows
treated with bST (+) and (panel B) multiparous control cows (0O)
and multiparous cows treated with bST (+).

The evaluation database came from a bST dose
titration study at four geographical sites (8). All cows
in the database were selected prior to bST initiation
based on good health and udder conformation and
were blocked by parity within the control and each of
the three bST treatment groups. The three bST treat-
ments, initiated at 60 d postpartum, consisted of a
biweekly sustained-release form of recombinant bST
(n-methionyl sometribove) at three doses (250, 500,
and 750 mg). In this study, control cows and cows
receiving bST were separated in order to evaluate the
accuracy of the prediction equations. The amount and
variation in DMI, milk yield, BW, body condition
score, ambient temperature, week of maximum DMI,
and week of maximum milk yield across locations and
treatments provided a unique database of modern
high yielding cows from which to test the accuracy of
the current prediction equations for DMI (Table 2).

BW

The BW of each cow was recorded at a common
time within each week at all four locations. Individual
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weekly BW were smoothed using a median smoothing
routine (19). Weekly changes in BW were calculated
from the smoothed BW using a running mean of three
consecutive values. Weekly changes in BW were cal-
culated as (SBWk + 1 — SBWyk — 1)/2, where SBW =
smooth BW (kilograms per cow) and wk = current
week of lactation. The relationships among smoothed
BW, FCM, and DMI across lactation by parity and
across doses of bST for the test data are shown in
Figures 1, 2, and 3. Figure 4 contains a comparison of
smoothed and raw BW. Smoothed BW provided a
more accurate representation of BW because of the
time of weighing relative to DMI, water consumption,
and milk removal, which can affect BW measurement.
Smooth BW were used when BW were required for
the prediction equations used in this study.

TMR and Feeding Practices

The TMR of cows at each experimental location
were formulated to meet or to exceed NRC (12) re-
quirements and to contain ingredients common to
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Figure 2. Relationship of 4% FCM and week of lactation for
(panel A) primiparous control cows (O) and primiparous cows
treated with bST (+) and (panel B) multiparous control cows (0)
and multiparous cows treated with bST (+).
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TABLE 3. Composition and analyses of the complete TMR fed to
cows at Utah.

Lactation
Composition Early Mid Late
(% of ration DM)
Ingredient
Alfalfa hay 16.0 20.8 28.5
Hay crop silage 15.5 18.4 16.9
Corn silage 8.6 14.0 18.7
Barley! 21.0 16.3 121
Beet pulp 11.3 8.8 7.4
Cottonseed, whole 13.7 10.8 8.1
Brewers dried grains 10.9 8.2 6.2
Molasses, liquid 1.2 0.9 0.7
Mineral 1.8 1.8 15
Total DM 100.00 100.00 100.00
Analysis
CP 16.8 16.5 155
ADF 27.2 28.2 28.9
NDF 41.5 42.3 43.1
Lignin2 7.1 7.2 7.2
Ash2 7.8 8.4 8.5
Ether extract? 5.3 4.6 4.1
NE,,3 Mcal/kg of DM 1.67 1.62 1.56

1Rolled barley.

2Values assigned according to Van Soest and Fox (18) and
weighted for total composition of the TMR.

3Calculated from ingredient components.

TABLE 4. Composition of TMR and analyses of complete TMR fed
to cows at Arizona.

Lactation
Composition Early Mid Late
(% of ration DM)

Ingredient

Alfalfa hay 20.0 22.0 34.0
Alfalfa cubes 15.0 17.4 14.0
Concentratel 46.0 42.0 38.0
Cottonseed, whole 15.0 13.0 7.0
Cottonseed, hulls 4.0 6.0 7.0
Total DM 100.0 100.0 100.0
Analysis

CP 17.2 17.0 16.9
ADF 27.1 28.3 28.7
NDF 39.5 40.8 41.4
Lignin2 8.5 8.9 9.1
Ash? 7.1 7.1 7.3
Ether extract? 5.0 4.6 3.4
NE,,3 Mcal/kg of DM 1.69 1.68 1.61

1Concentrate included 20% rolled barley, 20% rolled corn, 20%
malt pellets, 12.5% almond hulls, 7.9% commercial pellet, 6.5%
cottonseed meal, 5% wheat midds, 4% liquid molasses, 1.2% urea,
and 2.9% minerals.

2Values assigned according to Van Soest and Fox (18) and
weighted for total composition of the TMR.

3Calculated from ingredient components.
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that region. All cows were fed a complete TMR to
allow approximately 5% orts. Orts and DMI were
measured daily. The dietary formulas, ingredient
analyses, and nutrient composition of the TMR fed at
each of the four locations are presented in Tables 3, 4,
5, and 6, respectively. The criterion used to move
cows from one TMR to another within each location
was based on days of lactation, milk yield, and body
condition. Ingredients and TMR were sampled
weekly, composited monthly, and analyzed for CP,
ADF, and NDF. Concentrations of ether extract, ash,
and lignin were assigned to each TMR ingredient
according to Van Soest and Fox (18). Total dietary
concentrations of fat, ash, and lignin were calculated
as a sum of the percentage of each ingredient in the
total DM of the TMR, multiplied by the corresponding
nutrient concentrations of the ingredients. Samples of
all ingredients and of the TMR at the Utah and
Arizona locations were analyzed at Livestock Nutri-
tion Laboratory Services (Columbia, MO). Samples
from the Florida and Cornell sites were analyzed at
the Northeast DHI Laboratory (Ithaca, NY).

Dry cow nutrition and management, lactation
housing, and feeding practices were established ac-
cording to the management at each location (Table
7). Free-stall housing equipped with Calan gates

TABLE 5. Composition of TMR and analyses of complete TMR fed
to cows at Florida.

Lactation
Early Early
Composition (Cool)? (Hot) Late
(% of ration DM)

Ingredient

Alfalfa hay 13.3 13.0 25.0
Corn silage 34.2 33.0 49.2
Corn, cracked 16.0 15.7 6.2
Cottonseed, whole 9.5 10.3 .
Distillers grain 13.1 13.7 8.4
Soybean meal? 10.8 10.8 9.7
Mineral and vitamin 3.1 35 15
Total DM 100.0 100.0 100.0
Analysis

CP 17.6 17.9 15.7
ADF 23.3 23.2 26.1
NDF 37.8 37.7 42.6
Lignin3 5.4 5.4 5.9
Ash3 7.5 7.9 6.4
Ether extract3 55 5.7 3.1
NE_,4 Mcal/kg of DM 1.70 1.70 1.54

1Cool = TMR fed from October to April; hot = TMR fed from May
to September.

244% CP Soybean meal.

3Values assigned according to Van Soest and Fox (18) and
weighted according to total composition of the TMR.

4Calculated from ingredient components.
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(American Calan, Inc., Northwood, NH) was used at
all sites except New York, which used tie-stall hous-
ing.

Statistical Evaluation Criteria

The actual (A) mean weekly DMI for each cow and
the predicted (P) weekly DMI for each of the six
prediction equations (7, 9, 12, 14, 20) were compared
using the mean square prediction error (MSPE):
MSPE =n=1 T (A — P)2, where n = number of pairs of
values of actual and predicted DMI being compared.
The MSPE can be regarded as the sum of three
components (2): MSPE = (A — P)2 + Sp2(1 — b)2 +
Sa2(1 - r?), where Sp2 and Sp? = variances of the
actual and predicted DMI, respectively; A and P =
means of the actual and predicted DMI; b = slope of
the regression of A on P; and r = correlation coeffi-
cient of A and P. The three components are due to
mean bias A — P)], line bias [Sp%(1 — b)?], and
random variation around the regression line [Sp2(1 —
r2)]. Line bias is indicative of underlying inadequa-
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Figure 3. Relationship of DMI and week of lactation for (panel
A) primiparous control cows (O) and primiparous cows treated
with bST (+) and (panel B) multiparous control cows (O) and
multiparous cows treated with bST (+).
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Figure 4. Relationship of observed BW (+) and subsequent BW
after smoothing (O0) by week of lactation for a single cow. This cow
was treated with a biweekly sustained-release dose of 750 mg of
bST initiated at wk 9 of lactation.

cies in the structure of the model. The overall mean
bias (predicted minus observed) for each equation is
displayed in Figures 5, 6, 7, 8, 9, and 10.

Mean proportional bias is calculated as the slope of
the regression of the predicted mean weekly DMI and
the actual mean weekly DMI with a zero intercept. A
regression slope of less than unity indicates an under-
prediction across the range of the actual values, and a
slope greater than unity indicates an overprediction
across the range of actual values. Coefficients of mul-
tiple determination calculated as 1 minus the error

TABLE 6. Composition of TMR and analyses of complete TMR fed
to cows at New York.

Lactation
Composition Early Mid Late
(% of ration DM)

Ingredient

Alfalfa hay 9.1 27.0 35.0
Corn silage 49.3 38.0 42.0
Corn grain, ground 20.6 215 13.0
Soybean meall! 17.3 10.9 8.0
Mineral 3.7 2.6 2.0
Total DM 100.0 100.0 100.0
Analysis

CP 17.2 16.0 15.3
ADF 19.5 234 27.4
NDF 31.3 35.6 40.8
LigninZ 2.8 3.8 4.7
Ash? 9.5 8.8 8.9
Ether extract? 2.7 2.9 29
NE, ,3 Mcal/kg of DM 1.64 1.56 1.44

149% CP Soybean meal.

2Values assigned according to Van Soest and Fox (18) and
weighted according to total composition of the TMR.

3Calculated from ingredient components.
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for sums of squares divided by the total sums of
squares from the regression of predicted DMI on ac-
tual DMI are presented as a measure of variance
accounted for by the respective equation. For the
evaluation of biweekly injections of bST, the contrast
of weekly versus biweekly values for MSPE was non-
significant (P < 0.10), thus indicating that the time
of the injection cycle (biweekly) of the bST did not
alter the magnitude of the error associated with
predicting DMI. Similarly, dosage of bST was nonsig-
nificant (P < 0.10) on the MSPE; thus, the MSPE is
presented as an aggregate of all doses of bST. Un-
equal sample sizes did not alter (P <0.10) the magni-
tude of the differences in the MSPE. For ease of
presentation and summary, the DMI data were
divided into lactation periods. Period 1 includes wk 1
through 9 of lactation, period 2 includes wk 10
through 24 of lactation, period 3 includes wk 25
through 36 of lactation, period 4 includes wk 37
through 48 of lactation, and period 5 includes wk 38
through 60 of lactation.

ROSELER ET AL.

RESULTS

MSPE and Effects of Parity

Wide variation existed in the accuracy of the six
prediction equations for DMI as measured by MSPE.
The lowest MSPE, 4.7 kg?/d, occurred during lacta-
tion period 2 with the quadratic single equation of
Kertz et al. (9) for cows in early lactation (Table 8).
The multiple equations of Kertz et al. (9) for cows in
early lactation was the least accurate; MSPE was
265.2 kg?/d.

Lower values for MSPE were more evident for
primiparous cows than for multiparous cows during
lactation periods 1 and 2. Primiparous cows had less
variability in BW and milk yield than did multi-
parous cows in early lactation (Figures 1 and 2),
which might provide for a more consistent and stable
relationship with DMI. A lower MSPE for
primiparous cows has been observed in previous
research (13). Primiparous cows may be more
representative of the mean BW and milk yield of cows
used to develop these regression equations for DMI.

TABLE 7. Description of dairy facilities and feeding management practices of evaluation databases.

Utah

Arizona

Florida

New York

Housing

Cows, no.
Primiparous
Multiparous

Dry cow management

Feeding schedule, h
a.m.

p.m.

Orts measured

Feeding method

Two pens (36 cows
per pen) in enclosed
barn with free stalls
equipped with Calan
gates (American Ca-
lan, Inc., Northwood,
NH)

31
39

Two groups. Far off
dry cows fed a 12%
CP ration with 1.41
Mcal of NE,/Kkg.
Close up TMR fed
for 2 to 3 wk. TMR
composed of early
lactation TMR at
50% of total intake
and grass hay in
winter for ad libitum
intake or summer
pasture for ad libi-
tum intake.

0800
1600
0700

TMR, alfalfa hay
separate.

Six outdoor pens ([12
COWS per pen)
equipped with Calan
gates and Korral
Kool Coolers (Korral
Kool, Mesa, AZ),
which were used
when the tempera-
ture was >29.4°C.

16
41

Two groups. Close up
cows fed a TMR for
3 to 4 wk (DM
analysis, 17.7% CP
and 1.45 Mcal of
NE, /kg). The ration
was composed of al-
falfa hay fed for ad
libitum intake with
3.4 kg of a 14% cow
concentrate, 2.7 kg of
alfalfa cubes, 0.7 kg
of whole cottonseed,
and 0.7 kg of cotton-
seed hulls.

0400
1300
0100

TMR, alfalfa hay
separate.

Two shade structures
equipped with Calan
gates and adjacent
field lots.

35
33

Two groups. Close up
cows fed a TMR for
2 to 3 wk (DM
analysis, 15% CP
and 1.55 Mcal of
NE, /kg). The ration
DM was composed of
42% corn silage, 31%
alfalfa hay, 12% corn
distillers, 9% ground
corn, 5% soybean
meal (48%), and 1%
mineral and vitamin
mix.

0730
1300
0630

TMR with alfalfa hay.

Individual tie stalls in an
enclosed, open-air venti-
lated barn.

23
23

Two groups. Close up
cows fed a TMR for 2
to 3 wk (DM analysis,
15% CP and 1.48 Mcal
of NE,/kg). The ration
DM was composed of 5
kg of legume grass hay
with the remaining DM
composed of 60% corn
silage, 20% grass silage,
10% ground corn, 8%
soybean meal (48%),
and 2% mineral and
vitamin mix.

1000

0900
TMR.
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Figure 5. Relationship of DMI mean prediction bias (kilograms
per day) (predicted minus observed) by week of lactation from the
equation of Rayburn and Fox (14) for (panel A) primiparous
control cows (O) and primiparous cows treated with bST (+) and
(panel B) multiparous control cows (O) and multiparous cows
treated with bST (+).

The MSPE was similar for both parity groups for
lactation periods 3 through 5 (Table 8).

MSPE and Effects of bST

Overall, the accuracy of intake prediction was
lower for cows treated with bST than for control cows
in most periods, as measured by the magnitude of
MSPE (Table 8). The MSPE within equations for
control cows and for cows treated with bST were
similar in lactation period 2. Period 2 included the
immediate postpeak cows for which the relationship
between milk yield and BW was similar for cows in
control and treatment groups (Figures 1 and 2). The
magnitude of the difference in the MSPE between
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control cows and those treated with bST increased
with each progressive lactation period (Table 8). The
lower accuracy of the prediction equation for DMI of
cows treated with bST might be the result of elevated
and cyclic milk yield responses and not the result of
bST directly. The increase in MSPE with each
progressive lactation period was partly due to an
increase in the line (slope) bias (Tables 9 and 10).
High line bias indicates an underlying inadequacy in
the structure of the prediction model (15), and the
line bias that was calculated for the modified NRC
(12) equation (Tables 9 and 10) showed trends that
were indicative of and common to all six equations.
High line bias was indicated in the early and late
lactation periods. However, the primiparous cows

MEAN PREDICTION BIAS (kg/d)
o

0 5 10 15 20 25 30 35 40 45 50 55 60
Lactation (wk)
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Figure 6. Relationship of DMI mean prediction bias (kilograms
per day) (predicted minus observed) by week of lactation from the
NRC (12) modified equation for (panel A) primiparous control
cows (O) and primiparous cows treated with bST (+) and (panel
B) multiparous control cows (0) and multiparous cows treated
with bST (+).
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Figure 7. Relationship of DMI mean prediction bias (kilograms
per day) (predicted minus observed) by week of lactation from the
Weiss (20) equation for (panel A) primiparous control cows (0O)
and primiparous cows treated with bST (+) and (panel B) multi-
parous control cows (O) and multiparous cows treated with bST

(+).

treated with bST did not have elevated line bias in
late lactation, which was characteristic of the un-
treated primiparous cows (Table 9). The DMI of cows
treated with bST was higher than that of control cows
in late lactation because of elevated milk vyield
(Figure 3).

Equations for DMI

The mean prediction bias (predicted minus ob-
served) of the six prediction equations for DMI was
different across lactations. The mean prediction bias
of each equation is graphically displayed in Figures 5,
6, 7, 8, 9, and 10. The modified NRC (12) equation
and the equation of the Cornell Net Carbohydrate
and Protein System (CNCPS) (7) overpredicted
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DMI of cows in early lactation, and the equation of
Rayburn and Fox (14) and the multiple equation of
Kertz et al. (9) underpredicted DMI postcalving
(Figures 5, 6, 8, and 10). The single equation of
Kertz et al. (9) and the equation of Weiss (20)
performed best in the prediction of DMI for cows in
early lactation (Figures 7 and 9). The CNCPS (7)
equation, the modified NRC (12) equation, and the
Weiss (20) equation underpredicted DMI for cows in
late lactation. The equation of Rayburn and Fox (14)
consistently had a lower MSPE for cows treated with
bST than for control cows across all locations (Figure
5). Their equation was developed with period obser-
vations of Holstein cows, but systematically over-
predicted DMI of cows in late lactation, regardless of
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Figure 8. Relationship of DMI mean prediction bias (kilograms
per day) (predicted minus observed) by week of lactation from the
Cornell Net Carbohydrate and Protein System (7) equation for
(panel A) primiparous control cows (O) and primiparous cows
treated with bST (+) and (panel B) multiparous control cows (0)
and multiparous cows treated with bST (+).
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Figure 9. Relationship of DMI mean prediction bias (kilograms
per day) (predicted minus observed) by week of lactation from the
Kertz et al. (9) single DMI equation for (panel A) primiparous
control cows (O) and primiparous cows treated with bST (+) and
(panel B) multiparous control cows (0) and multiparous cows
treated with bST (+). Extrapolated values are plotted to the right
of the vertical line.

parity (Figure 5). The equation of Rayburn and Fox
(14) overpredicted DMI of cows in late lactation be-
cause the coefficient for days of lactation was only
developed from cows <258 d of lactation. Diets for
cows in late lactation formulated from an erroneously
high predicted intake can result in a greater loss of
body condition score, lower milk yield, or both.
The modified equation of the NRC (12) generally
provided the lowest MSPE in lactation periods 2
through 5 for control cows and for cows treated with
bST. The linear coefficients of the modified equation
greatly overpredicted DMI during wk 2 through 10 of
lactation (Tables 9 and 10). The modified equation of
the NRC (12) accounted for 26% to 79% (Tables 9
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and 10) of the variation in weekly DMI. The R? of the
modified equation of the NRC was the highest of all
six of the equations for the prediction of DMI. The
weekly RZ were high when the only factors accounted
for in the equation were milk yield and BW. Lower R?
were evident for cows treated with bST, indicating
the need for refined parameters for models when bST
is used.

DISCUSSION

The regression prediction equations for DMI that
were tested in this study accounted for approximately
50% of the variation in prediction of the weekly DMI
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Figure 10. Relationship of DMI mean prediction bias (kilograms
per day) (predicted minus observed) by week of lactation from the
Kertz et al. (9) multiple DMI equation for (panel A) primiparous
control cows (O) and primiparous cows treated with bST (+) and
(panel B) multiparous control cows (O) and multiparous cows
treated with bST (+). The multiple equation of Kertz et al. (9) is
only valid for the first 20 wk of lactation.
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TABLE 9. Precision of the NRC (12) modified equation for predicting individual weekly DMI of
primiparous control cows and those treated with bST.

Feed intake Test statistic
Lactation Cows Actual Predicted R2 Line bias!
(wk) (no.) (kg/d)
2 74 13.2 18.4 0.52 1.0
4 90 16.1 19.6 0.53 6.82
6 102 175 19.1 0.26 3.52
8 105 18.2 19.1 0.36 6.52
10 26 18.8 18.7 0.41 1.0
20 26 20.9 19.3 0.79 <1.0
30 26 20.4 19.3 0.56 2.6
40 26 18.8 18.7 0.64 6.22
50 10 19.7 18.6 0.52 9.02
58 6 15.8 18.4 0.50 34.02

bST treatment

10 79 19.0 20.2 0.36 5.32
20 79 22.4 21.1 0.45 4.62
30 79 23.0 21.3 0.44 <1.0
40 79 22.0 20.6 0.38 <1.0
50 43 21.5 19.7 0.44 2.2
58 18 20.5 194 0.35 <1.0

1Expressed as a percentage of total mean square prediction error.
2periods of elevated line bias, indicative of underlying inadequacies of model structure.

of a single high yielding Holstein dairy cow. Accuracy
of prediction of DMI, as measured by MSPE, was
lower for cows treated with a sustained-release form
of bST. The modified equation of the NRC (12)
provided the best overall prediction, as measured by
MSPE, during wk 10 through 60 of lactation;
however, DMI of cows in early lactation was severely
overpredicted by this equation. Adjustment factors for
DMI of cows in early lactation that were utilized by
the Weiss (20) equation and the single equation of
Kertz et al. (9) improved prediction of DMI.
However, the early and late lactation periods are
areas in which improved accuracy of DMI prediction
is needed.

Equations for DMI

The prediction of weekly DMI of individual cows
across a wide range of management and environmen-
tal conditions explained approximately half of the
variation in DMI (R2 = 0.5). The equation developed
by Vadiveloo and Holmes (17) for predicting an in-
dividual weekly DMI from BW, week of lactation,
milk yield, and level of concentrate yielded an R? of
0.72 with a test data file. The R2 was improved by
predicting population means in contrast to individual
weekly means (5, 16). Curran et al. (5) concluded
that, for farm application, the prediction of individual
daily DMI was imprecise, but the DMI of groups of 30
similar cows could be predicted satisfactorily. The

precision of DMI prediction of a group depended on
the homogeneity of the individuals in the group.
The ability to predict individual weekly DMI ac-
curately would be adequate for ration formulation
given the common practice of grouping cows according
to week of lactation. As this study revealed, current
prediction equations could, at best, estimate in-
dividual weekly DMI +2.1 kg/d (MSPE = 4.7), or
approximately 8 to 10% of mean DMI. Group intake
could be predicted to within £7 to 8% of the DMI
(17). Improved prediction precision will come from a
more quantitative understanding of factors that con-
trol eating. More descriptive databases of cows
managed under a diversity of dietary and environ-
mental conditions, as used in this study, combined
with enhanced statistical analysis, could provide for
the development of more robust prediction equations.
Empirical regression equations that are developed
from narrow data have limited application (9), as
evidenced by the multiple equation of Kertz et al. (9)
used in this study. Similarly, the CNCPS (7) equa-
tion and the modified NRC (12) equation were inade-
quate for predicting DMI of cows in early lactation,
but the single equation of Kertz et al. (9) performed
well for cows in early lactation. The early lactation
factor of the Weiss (20) equation (Table 1) improved
prediction, but a negative bias was still evident. Per-
formance of the Rayburn and Fox (14) equation for
cows in late lactation was poor because the equation
was not developed with cows >258 d of lactation. The

Journal of Dairy Science Vol. 80, No. 5, 1997
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TABLE 10. Precision of the NRC (12) modified equation for predicting individual weekly DMI of
multiparous control cows and those treated with bST.

Feed intake Test statistic
Lactation Cows Actual Predicted R2 Line biast
(wk) (no.) (kg/d)
2 110 18.0 24.0 0.34 15
4 135 20.5 23.9 0.38 1.2
6 136 22.9 23.6 0.32 2.9
8 136 24.8 235 0.35 5.42
10 35 25.7 23.6 0.33 <1.0
20 35 25.5 22.7 0.52 2.4
30 35 22.1 21.3 0.72 4.12
40 31 19.7 20.0 0.64 2.5
50 7 20.0 20.0 0.61 18.02
58 3 20.9 18.8 0.42 20.02

bST treatment

10 101 25.0 24.7 0.41 2.1
20 101 26.0 24.5 0.40 2.8
30 101 25.1 22.7 0.65 <1.0
40 97 22.5 21.1 0.64 4.12
50 41 21.8 20.3 0.38 25.22
58 18 20.5 19.4 0.35 <1.0

1Expressed as a percentage of total mean square prediction error.
2Periods of elevated line bias, indicative of underlying inadequacies of model structure.

equation of Rayburn and Fox (14) includes ration
NDF to account for the limiting effect of diet fill in
late lactation (10). The effect of fill might be impor-
tant because of the relatively low digestibility of diets
fed in late lactation. Fill also might be affected by
reduced gut capacity from body fat and conceptus
growth. Other prediction equations have not been
developed for cows >40 wk of lactation. Improved
performance of prediction equations for DMI of cows
>40 wk of lactation might be enhanced by accounting
for gestation and effects of BW gain.

Supplementation of bST

Elevation in DMI as a result of bST treatment was
moderated by dosage (8), frequency of administration
(3), farm management (1), and stage of lactation.
The shape of the lactation curve and the relationship
of milk yield to metabolic BW was altered with
somatotropin treatment (1). Current prediction equa-
tions for DMI, when applied to data for cows treated
with bST, account for less variation and have less
prediction accuracy than when applied to data for
control cows. However, predicted DMI might also be
less accurate for cows that have not been treated with
bST but have elevated milk yield in late lactation.
Therefore, the low accuracy of prediction equations
for DMI is the effect of elevated milk yield in relation
to BW and not the effect of bST directly. The mean
bias was inconsistent for data of cows treated with

Journal of Dairy Science Vol. 80, No. 5, 1997

bST across the six equations evaluated in this study,
and a standard adjustment in DMI cannot be used to
improve prediction of DMI of cows treated with bST.

CONCLUSIONS

The evaluation of six prediction equations for DMI
revealed large differences in the accuracy of predic-
tion as measured by MSPE and mean bias. The ac-
curacy of prediction of DMI was better for
primiparous than for multiparous cows. An inconsis-
tent weekly mean bias, measured as predicted minus
actual intake, was evident across all equations. The
bias was lower for control cows than for cows treated
with bST. The adjustment of the equation for early
lactation by Weiss (20) and the single equation of
Kertz et al. (9) improved the prediction of DMI for
cows in early lactation. The accuracy of the prediction
of DMI was lower for cows treated with bST than for
control cows because of elevated milk yield. Improved
prediction equations for DMI are possible through the
use of more descriptive databases, which include
descriptions of feed, cow, management, and environ-
mental conditions.
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