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ABSTRACT

Parity, body condition score (BCS), and dry matter
intake (DMI) data of 699 Holsteins fed 49 different diets
during the final 3 wk of gestation (prefresh transition
period) were compiled from 16 experiments conducted
at eight universities. The objectives of this study were
to determine the effects of animal and dietary factors
on DMI and to elucidate interactions between animal
and dietary factors and among dietary factors on DMI
during the prefresh transition period. Animal factors
examined were parity and BCS, whereas dietary factors
examined were rumen undegradable protein (RUP), ru-
men degradable protein (RDP), neutral detergent fiber
(NDF), and ether extract (EE). DMI decreased 32% dur-
ing the final 3 wk of gestation, and 89% of that decline
occurred during the final week of gestation. Day of ges-
tation, animal factors, and dietary factors accounted
for 56.1, 19.7, and 24.2% of explained variation in DMI,
respectively, and R? of this linear multivariable model
was 0.18. Cows had higher DMI than heifers. DMI de-
creased linearly as BCS, RUP, and NDF increased, de-
creased quadratically as EE increased, and increased
quadratically as RDP increased. Moreover, the magni-
tude of DMI depression as animals approached parturi-
tion was affected by characteristics of animals and di-
etary nutrient composition. There were significant par-
ity x EE, BCS x NDF, RUP x NDF, RDP x NDF, NDF
x EE, and RUP x EE interactions on DMI. In conclusion,
parity, BCS, and concentrations of organic macronutri-
ents in diets affected DMI during the prefresh transi-
tion period, and the magnitude of DMI depression as
animals approached parturition.
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INTRODUCTION

Recent trends in agriculture are such that the num-
ber of dairy cows is decreasing and milk yield per cow
per lactation is increasing. However, increased milk
production is associated with a greater incidence of
health problems that cause milk production loss and
reproductive inefficiency in early lactation (Erb et al.,
1985; Deluyker et al., 1991; Rajala-Schultz et al., 1999).
Without taking economic losses due to suppressed pro-
duction and reproductive failure into account, health
cost was estimated to be five times higher during early
lactation than during mid- and late lactation (Young
et al., 1985).

The dry period used to be considered a nonprofitable
resting period (Van Saun, 1991; Nocek, 1995), and it
was assumed that nutrient requirements during the
entire dry period did not change (NRC, 1989). However,
epidemiological surveys ascertained that dry period nu-
trition had carry-over effects on milk production and
reproductive performance in early lactation and health
status during the periparturient period (Curtis et al.,
1985; Erb and Grohn, 1988; Correa et al., 1990). Dairy
cows undergo tremendous challenges to adapt to the
homeorrhetical changes that occur during the peripart-
urient period (Nocek, 1995; Bell, 1996). Moreover, a 20
to 40% gradual decline in DMI during the final 3 wk
of gestation (prefresh transition period) may initiate a
negative energy balance and compromise the ability of
dairy cows to adapt to physiological changes (Van Saun,
1991; Bell, 1995; Grummer, 1995). Therefore, minimiz-
ing depression in DMI or increasing the nutrient den-
sity of the diet during the prefresh transition period is
suggested to maintain body reserves, increase nutrients
available for rapid fetal growth, ease metabolic transi-
tion from pregnancy to lactation, and acclimate rumen
microorganisms to lactation diets (Van Saun, 1991;
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Grummer, 1995; Nocek, 1995). Carry-over effects from
this include maintenance of body reserves and support
for production of milk and milk components in early
lactation (Flipot et al., 1988).

Factors affecting and regulating feed intake of lactat-
ing dairy cows are numerous and complex and span
cellular to macroenvironmental levels (Forbes, 1996;
Roseler et al., 1997; Allen, 2000). Factors affecting DMI
in lactating dairy cows and other ruminants may influ-
ence DMI in prefresh transition dairy cows as well.
Some can be controlled by humans and include animal
factors (i.e., age, body condition, breed, physiological
stage, and milk yield level), dietary factors (i.e., ingredi-
ent and nutrient compositions of diets and physical and
agronomic characteristics of feeds), managerial factors
(i.e., production, feeding, and housing systems), and
climatic factors (i.e., temperature, humidity, and wind).
Therefore, determination of factors affecting DMI and
quantification of their effects are important for devel-
oping new feeding strategies during the prefresh transi-
tion period. Identification of all the factors affecting
DMI in a single survey or experiment is not plausible.
For this study, the objectives were to examine the ef-
fects of parity and BCS as animal factors and concentra-
tions of organic macronutrients as dietary factors on
DMI of Holsteins during the prefresh transition period
based on data collected from a number of studies.

MATERIALS AND METHODS
Data Collection and Development of Databases

Parity, BW, BCS, and DMI data of 699 Holsteins fed
49 different diets during the final 3 wk of gestation
were compiled from 16 experiments conducted at eight
universities during the 1990s. Institutions providing
data were Cornell University (Van Saun et al., 1993),
Towa State University (Hayirli, 1997), Michigan State
University (VandeHaar et al., 1999; Moore et al., 2000),
Oregon State University (Allen et al., 1995; Duncan,
1998), Pennsylvania State University (Dann et al.,
1999; Soder and Holden, 1999), Purdue University
(Greenfield et al., 2000), the University of Illinois
(Grum et al., 1996; Overton et al., 1998), and the Uni-
versity of Wisconsin (Skaar et al., 1989; Bertics et al.,
1992; Grummer et al., 1995; Vazquez-Anon et al., 1997;
Minor et al., 1998). Daily DMI during the prefresh tran-
sition period, and BW and BCS (Edmonson et al., 1989)
on d 21 + 0.8 (mean + SD) prepartum, were measured
for all animals.

Tables 1 and 2 summarize descriptive characteristics
of prefresh transition Holsteins and nutrient composi-
tions of diets, respectively. Animal factors included par-
ity and BCS, and dietary factors included concentra-
tions of NE;, CP, RUP, RDP, NDF, nonfiber carbohy-
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drates (NFC), ADF, ether extract (EE), and ash.
Investigators who contributed datasets provided nutri-
ent contents of diets. If a nutrient of interest was not
provided for a diet, it was calculated using ingredient
composition of the diet and tabular values (NRC, 1989;
NRC, 1996) for nutrients in those ingredients. NFC was
calculated as 100 — (% CP + % ash + % NDF + % EE).
Data from prefresh transition dairy cows that were not
Holsteins, that were not fed ad libitum, or that had
twins, were excluded before setting continuous and dis-
crete databases for statistical analyses. A continuous
database was established by compiling all data in which
animal and dietary factors remained continuous (Ta-
bles 1 and 2). Discrete databases were developed from
the continuous database, in which animal and dietary
factors were categorized (Tables 1, 3, and 4). At first,
animals were categorized according to parity as heifers
(approaching the first lactation) and cows (having at
least one previous parturition), and according to BCS
as thin (T), medium (M), or obese (O), if BCS ranged
from 1 to 3, 3.01 to 4, or 4.01 to 5, respectively. Dietary
factors were categorized according to percentile distri-
butions in 49 diets as low (L), high (H), and moderate
(M) if concentrations ranged from the minimum to 20%
more than minimum, from 20% less than maximum to
the maximum, and between L and H, respectively (Ta-
ble 3). The separation criterion was increased from 20
to 30% to increase the number of animals allocated to
L and H levels for EE and ash (Table 3).

In this discrete database (Tables 1 and 3), a sufficient
number of animals was allocated to each category of
animal factors and to each level of dietary factors to
determine their main and polynomial effects and their
interactions with time (see Model I below). However,
the number of animals in each level of dietary factors
was not sufficient to determine interactions between
animal factors and dietary factors and among dietary
factors (see Model II below); therefore, we generated
another discrete database (Table 4). In the second dis-
crete database, animal factors were categorized as de-
scribed earlier (Table 1), and dietary factors were cate-
gorized as below (BM) or above the mean (AM) if con-
centrations were below or above the mean value of all
experimental diets (Table 4).

Statistics

DMI was expressed as a percentage of BW in all
statistical analyses so that intake could be standardized
according to BW. Descriptive statistics of animal and
dietary factors were determined using the Means, Freq,
Univariate, and Corr Procedures (SAS, 1998) on the
continuous database (Steel et al., 1997). With the same
database, the GLM Procedure (SAS, 1998) was used to
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Table 1. Description of animal factors.

HAYIRLI ET AL.

Descriptive statistics!

BW, kg BCS
Factor n Mean + SD Range Mean + SD Range
Parity
Heifer 172 606 + 53 471 to 811 36+ 04 2.7 to 4.9
Cow 527 733 + 76 514 to 960 36 05 2.0 to 5.0
Body condition?
Thin 96 662 + 83 480 to 859 2.8 £ 0.2 2.0 to 3.0
Medium 516 699 + 84 471 to 960 36 +03 3.1t04.0
Obese 79 779 £ 86 546 to 937 4.4 + 0.2 4.1 t0 5.0

'Body weights and body conditions were measured (mean + SD) on d 21 + 0.8 prepartum.
2Thin = if BCS <3; medium = if 3 < BCS <4; obese = if 4 < BCS <5. BCS of eight animals were not reported.

model sources of variation by type III sums of squares.
These models contained day of pregnancy, animal fac-
tors, and dietary factors as independent variables. Ad-
ditional models with the Reg Procedure (SAS, 1998)
examined BCS as a function of BW and DMI, and energy
intake (EI) as functions of the ratios NDF/NFC, RDP/
RUP, and NFC/RDP. The DMI and EI models were
used to determine values of the independent variables
that maximized DMI and EI.

The effects of animal and dietary factors (Model I),
and interactions between animal and dietary factors
and among dietary factors (Model II) on DMI were ex-
amined in a stepwise manner using the Mixed Proce-
dure of SAS (SAS, 1998; see below). Other models sub-
stituting experiment or diet in place of dietary factors
were examined, but they did not yield as high an R?
value and will not be discussed. Model I was applied
to the first discrete database (Tables 1 and 3), whereas
Model II was applied to the second discrete database
(Tables 1 and 4). ANOVA was conducted employing
a split-plot design with time (the subplot) viewed as
repeated measures. Due to autocorrelations, the first-
order autoregressive covariance structure was used for

Table 2. Description of dietary factors.

the subplot terms (Littell et al., 1996). Animals nested
within experiments, diets, and animal and dietary fac-
tors were considered as random terms for corresponding
mixed models. In Model I, because categories of animal
factors and levels of dietary factors were unequally
spaced and replicated (Tables 1 and 3), coefficients to
test polynomial effects of dietary factors were calculated
according to Carmer and Seif (1963), and probabilities
of their significances were obtained from the Satterth-
waite approximation (Littell et al., 1996). Statistical
significance and tendency towards significance were de-
clared at P <0.05 and 0.05 < P £0.10, respectively. The
specific structure of Model I was as follows: ¥ijiimno = 1
+ P; + BCS; + RUPy + RDP, + NDF,, + EE,, + WPE +

DO + (P'D)io + (BCS‘D)J'O + (RUPD)ko + (RDP'D)]O +
(NDF-D),,, + (EE-D),, + SPE, where P = parity (i =
heifer and cow), BCS = body condition score (j =T, M,
and O), RUP = rumen-undegradable protein (k = L, M,
and H), RDP = rumen-degradable protein (1=L, M, and
H), NDF = neutral detergent fiber (m = L., M, and H),
EE = ether extract (n = L, M, and H), WPE = whole-
plot error, D = day relative to parturition (o = —21 to
-1), and SPE = subplot error.

Descriptive statistics

Nutrient! Range WM + SD? Median Mode Skewness
NE., Mcal/kg 1.27 to 1.66 1.48 £ 0.11 1.50 1.52 -0.32
CP, % 11.8 to 20.3 147 £+ 2.0 14.1 14.1 1.06
RUP, % 3.2 to 6.6 49 £ 0.8 4.9 4.9 -0.08
RDP, % 7.5 to 14.1 99 £ 15 9.2 9.2 1.46
NDF, % 28.0 to 62.2 43,5 + 8.3 44.5 44.5 —-0.08
ADF, % 18.6 to 41.1 28.8 £ 5.3 28.9 25.2 0.21
NFC, % 10.5 to 46.2 31.8 £ 8.2 33.2 33.9 -0.10
EE, % 1.8 to 6.9 33 +£12 3.0 3.7 1.60
Ash, % 3.3 to 11.7 6.7 £ 1.7 6.8 7.0 0.04

INutrients are expressed on a DM basis and were obtained from 49 diets. NFC = nonfiber carbohydrate;

EE = ether extract.

2WM + SD: weighted mean + standard deviation. Means were calculated from nutritional information for
49 diets fed in 16 experiments. Means were weighted according to the number of animals fed each diet.
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Table 3. Characteristics of groups generated from three-way categorization of dietary factors.

Level

Nutrient! DS? Low Moderate High
NE;, Mcal/kg WM + SD 1.32 = 0.03 1.45 + 0.02 1.56 + 0.06

Range 1.27 to 1.36 1.41 to 1.48 1.49 to 1.66

n 55-112-26-122-19 23-105-28-88-9 94-310-42-306-51
CP, % WM + SD 13.3 £ 0.6 152 + 0.8 17.7 £ 1.5

Range 11.8 to 14.1 14.2 to 16.2 16.3 to 20.3

n 38-342-53-292-32 39-116-20-101-29 95-69-23-123-18
RUP, % WM = SD 35 £ 02 45 £ 0.3 5.7 £ 04

Range 3.2 to 3.7 3.9 to 4.9 5.3 to 6.6

n 10-43-17-31-2 68-297-46-287-32 94-187-33-198-45
RDP, % WM = SD 85 £ 04 9.8 £ 0.7 129 £ 1.3

Range 7.5 t0 8.9 9.0 to 11.2 11.5 to 14.1

n 21-213-33-182-19 78-274-43-245-56 73-40-20-89-4
NDF, % WM = SD 29.7 £ 1.2 425 £ 5.2 53.6 £ 4.1

Range 28.0 to 31.6 34.6 to 49.5 50.0 to 62.2

n 32-32-5-43-16 123-375-72-373-45 17-120-19-100-18
ADF, % WM = SD 20.1 £ 1.1 28.0 £ 2.5 36.7 £ 2.3

Range 18.6 to 21.6 24.4 to 32.8 33.4 to 41.1

n 32-32-5-43-16 85-339-52-369-55 55-96-39-104-8
NFC, % WM = SD 229 + 3.8 325 + 2.8 42.1 + 3.1

Range 10.5 to 26.2 26.7 to 36.0 37.5 to 43.2

n 55-177-38-170-24 85-201-42-242-17 32-149-16-122-38
EE, % WM = SD 2.0 £ 0.2 3.2+ 05 5.7 £ 1.0

Range 1.8 to 2.3 2.4 to 4.6 4.9 t0 6.9

n 9-71-9-64-7 163-380-71-415-54 0-76-16-37-18
Ash, % WM + SD 3.2 + 07 6.6 £ 1.0 94 + 1.2

Range 3.3 to 4.2 4.6 to 7.8 8.6 to 11.7

n 0-41-6-55-4 157-433-75-397-62 15-53-15-64-13

!Nutrients are expressed on a DM basis. NFC = nonfiber carbohydrate; EE = ether extract.

’DS: descriptive statistics. WM + SD = weighted mean + standard deviation. Means were weighted
according to the number of animals fed each diet within each level; n = the number of heifers, cows, thin
animals, medium animals, and obese animals, respectively, within each level. BCS of eight animals were

not reported.

Table 4. Characteristics of groups generated from two-way categorization of dietary factors.

Descriptive statistics!

Nutrient? Level® WM + SD Range n
NE;, Mcal/kg BM 1.38 £+ 0.06 1.27 to 1.48 78-217-54-210-28
AM 1.56 = 0.06 1.49 to 1.66 94-310-42-306-51
CP, % BM 13,5 £ 0.7 11.8 to 14.4 58-387-64-339-39
AM 171 + 14 15.7 to 20.3 114-140-32-177-40
RUP, % BM 44 + 0.5 3.2t04.9 78-340-63-318-34
AM 5.7 £ 04 5.3 to 6.6 94-187-33-198-45
RDP, % BM 89 + 0.6 7.5 t0 9.8 58-396-66-346-39
AM 116 + 14 9.9 to 14.1 114-131-30-170-40
NDF, % BM 36.6 + 4.7 28.0 to 42.7 87-243-45-235-45
AM 49.6 £ 45 44.1 to 62.2 85-284-51-281-34
ADF, % BM 246 + 2.8 18.6 to 27.9 84-251-61-267-33
AM 331 + 35 28.9 to 41.1 88-276-35-249-47
NFC, % BM 245 + 44 10.5 to 30.8 68-255-49-242-29
AM 38.0 + 45 33.0 to 46.2 104-272-47-274-50
EE, % BM 2.6 + 04 1.8 to 3.0 75-251-39-240-44
AM 39 + 12 3.1t06.9 97-276-57-276-35
Ash, % BM 54 + 12 3.3 t0 6.7 100-248-34-261-23
AM 78 £ 1.1 6.8 to 11.7 72-289-62-255-56

!Descriptive statistics: WM + SD: weighted mean + standard deviation. Means were weighted according
to the number of animals fed each diet within each level; n = the number of heifers, cows, thin animals,
medium animals, and obese animals, respectively, within each level. BCS of eight animals were not reported.

’Nutrients are expressed on a DM basis. NFC = nonfiber carbohydrate; EE = ether extract.
3Level: BM = below the mean; AM = above the mean.
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For Model II, the whole-plot factors were two animal
factors (parity and BCS), four dietary factors (RUP,
RDP, NDF, and EE), 56 possible interactions between
these two groups of factors. The subplot factors were
day of gestation and whole-plot factors by day of gesta-
tion interactions. This complex model was then simpli-
fied by stepwise backward hierarchical elimination of
insignificant independent variables (P> 0.10) (Snedecor
and Cochran. 1989). During the simplification process,
the degree of fit was evaluated with different penalty
systems, including iterative convergence criterion,
Akaike’s information criterion, and Schwarz’s Bayesian
criterion (Littell et al., 1996).

Model II (iterative convergence criterion = 9047.1,
Akaike’s information criterion =-4525.5, and Schwarz’s
Bayesian criterion =-4530.1) was subjected to 17 back-
ward hierarchical elimination steps to yield a reduced
form (iterative convergence criterion = 8747.2, Akaike’s
information criterion = -4375.6, and Schwarz’s Bayes-
ian criterion = —4380.1). The whole-plot and subplot
variances were 0.1148 and 0.08738 for the full, and
0.1148 and 0.08721 for the reduced forms, respectively.
No substantial improvements were noticed in model-
fitting criteria or decreases in the whole-plot and sub-
plot variances during the course of simplification, sug-
gesting that eliminated independent variables were un-
important. The whole-plot and subplot utilized 29 and
400 df out of possible 698 and 13,960 df, respectively,
indicating that over-parameterization was avoided.

RESULTS AND DISCUSSION
Overview of the Model-Building Process

Our eventual goal is to develop a mathematical model
that precisely and accurately predicts DMI during the
prefresh transition period. The selection of independent
variables defining the nature of a response variable is
important in planning and developing a model. This
preliminary approach has allowed us to evaluate ani-
mal and dietary factors that may be used to develop a
model predicting DMI during the prefresh transition
period.

Animal factors. Cows were 127 kg heavier than
heifers, but their BCS were similar (Table 1). The mean
BCS were 2.8, 3.6, and 4.4 for T, M, and O animals,
respectively (Table 1). Because of differences in body
surface area, a unit increase in BCS was associated
with 55 and 79-kg BW increases in heifers (BW = 405.6
+ 54.9-BCS, R? = 0.21, and P < 0.0001) and in cows
(BW = 453.3 + 78.5-BCS, R? = 0.23, and P < 0.0001),
respectively. When BCS increases, fat deposition in rib,
lumbar spine, pelvic, and tailhead areas increase and
muscle mass increases (Reid et al., 1986).
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Selection of dietary factors. Factors affecting DMI
of ruminants are not limited to those examined for this
study. For example, few researchers measured concen-
trations of the major inorganic nutrients (i.e., Ca and
P) in these experiments; therefore, they were not con-
sidered as dietary factors in the models. Similarly,
sources of organic macronutrients were highly variable
across diets. Therefore, we were unable to consider in-
gredient composition of diets as factors affecting DMI.

Due to multicolinearity (Table 5), it was necessary
to select dietary factors with biological and statistical
relevance for incorporation into the models. There were
strong correlations between concentrations of NE, and
major organic nutrients (Table 5). Because of this, and
because energy is not a nutrient and is usually esti-
mated from organic macronutrients, models did not in-
clude NE;.

Evaluating DMI responses to dietary CP concentra-
tion is not as specific as those to dietary concentrations
of RDP and RUP. However, CP is measured directly in
the laboratory and indicates total amount of nitrogen.
Estimates for RUP and RDP can be erroneous and vary
depending on ruminal passage rate (NRC, 2001). There-
fore, we evaluated the effects of CP on DMI in a separate
model in which CP replaced RUP and RDP.

There are numerous measurements for carbohydrate
fractions in the diet that could be considered for incorpo-
ration into models. The only carbohydrate fraction in-
cluded in the model was NDF. NDF represents the
fibrous carbohydrate fraction in feed. Because the pro-
portion of NDF in the diet is larger than the proportions
of CP, EE, and ash, and because CP, EE, and ash are
relatively constant among diets, the NDF concentration
also reflects the NFC concentration (r = -0.94, P <
0.0001; Table 5). As expected, dietary concentrations
of NDF and ADF were highly correlated (r = 0.77, P <
0.0001; Table 5) because their chemical compositions
overlapped. Therefore, NDF was the only carbohydrate
fraction included in the models.

Relationship between DMI and animal and di-
etary factors. Animal or dietary factors highly corre-
lated with DMI may be important determinants of DMI.
DMI (% of BW) was positively correlated with parity (r
=0.12, P <0.0001), and negatively correlated with BCS
(r=-0.12, P < 0.0001) (Table 5). There was a relatively
high correlation between EI (Mcal/d) and parity (r =
0.33, P < 0.0001) because cows consumed more DM
(kg/d) than heifers. Because of the negative correlation
between DMI and BCS, there was only a slight correla-
tion between EI and BCS (r = 0.02, P < 0.004; Table 5).

There was no significant correlation between DMI
and dietary concentrations of CP, RUP, and RDP (Table
5). DMI was positively correlated with the concentra-
tion of NFC (r =0.14, P < 0.0001), and negatively corre-
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Table 5. Correlation among animal factors, dietary factors, and feed intake.!

NEL,

Mcal/d Parity BCS  NE;, Mcallkg CP,% RUP,% RDP,% NDF,% ADF,% NFC,% EE,% Ash, %
DMIL % of BW 0.88%* 0.12%% —-0.12%% 0.09%* 0.002 -0.002  0.004 -0.12%F —0.13%F  0.14% —0.05% —0.08%*
NEL Mcal/d  1.00  0.33%  0.02%% 0.34%* —0.09%% —0.03% -0.10%* -0.29%% —0.33%F  0.35%  0.07%F -0.26%*
Parity 1.00  —0.05%% 0.05%* —0.32%% —0.23%F —0.20%F  0.18%%  0.03% -0.06%  0.14%% —-0.30%*
BCS 1.00  0.05%* 0.09%%  0.16%%  0.02%% —0.11%* -0.16%*  0.08% —0.11% 0.09%*
NE., Mcal/kg 1.00 —0.10%%  0.14%F -0.20%F —0.78%* —0.88%%  0.81%*  0.36%F —0.44%*
CP, % 1.00 0.67%%  0.92%% —0.19%% —0.01% —0.09%* -0.26% 0.37%*
RUP, % 1.00 0.32%% —0.33%% —0.28%  0.15% —0.24%F  0.21%*
RDP, % 100 -0.06%  0.13% —0.20%% —0.20%*  0.36%*
NDF, % 1.00 0.77#%  —0.94%% _0.17#*  0.17%*
ADF, % 1.00  -0.82%F -0.03% (.38
NFC, % 1.00%%  0.11%% —0.44%*
EE, % 1.00  -0.09%*
Ash, % 1.00

Pearson correlation coefficients and their significance were obtained from 13,299 observations in the continuous database. Nutrients
were on a DM basis. NEI = net energy intake (Mcal/d); NFC = nonfiber carbohydrate; EE = ether extract.

**P < 0.01.

lated with concentrations of NDF (r=-0.12, P <0.0001)
and EE (r = -0.05, P < 0.0001). The concentration of
NE;, was positively correlated with concentrations of
NFC (r=0.81, P <0.0001) and EE (r=0.36, P <0.0001),
and negatively correlated with the concentration of
NDF (r = -0.78, P < 0.0001). Supplementing highly
fermentable carbohydrates (Lawrence, 1988) and fat
(Palmquist and Jenkins, 1980) are common approaches
to increase energy density of the diet. Energy intake
was strongly correlated with concentrations of NFC (r
=0.35, P <0.0001) and NDF (r=-0.29, P < 0.0001) and
slightly correlated with the concentration of EE (r =
0.07, P <0.001), indicating that increasing EE may not
increase EI if DMI is compromised.

Contributors to variation in DMI. Depression in
DMI during the prefresh transition period is common,
but the causes are largely unknown. The R? of a multi-
variable model developed from the continuous database
to evaluate the proportion of variation in DMI due to
day of gestation and animal and dietary factors was
0.18. Type III sums of squares revealed that variation
in DMI accounted for by day of gestation was 56.1% (P
< 0.0001), by animal factors was 19.7% (10.0%, P <
0.0001 for parity and 9.7%, P < 0.0001 for BCS, respec-
tively), and by dietary factors was 24.2% (15.3%, P <
0.0001 for NDF; 6.4%, P < 0.0001 for EE; 1.3%, P < 0.04
for RUP; and 1.2%, P < 0.06 for RDP, respectively),
respectively (Figure 1). When the model included CP
in place of RUP and RDP, CP accounted for 1.6% of the
variation (P < 0.53) in DMI due to all dietary factors
(20.1%). Using the principal component approach, Ro-
seler et al. (1997) evaluated the relationship of numer-
ous factors to variability in DMI of lactating dairy cows
and reported that BCS and nutritional factors (includ-
ing diet composition) accounted for 6 and 22% of varia-
tions in DMI, respectively. However, in that study, the

amount of variation explained by the model was not
reported. Despite being statistically significant, contri-
butions of RUP and RDP to variation in DMI were
relatively minor compared with those of NDF and EE.
Substantial variation contributed by NDF is expected
because forages constitute a large proportion of most
diets offered during the dry period. Chemical composi-
tion and physical properties of forages also vary greatly
(Allen, 2000), which causes variation in DMI. Although
EE constitutes a small portion of ruminant diets, the

NDF
15.3%

EE
6.4%

RUP
1.3%

1.2%

9.7%

Parity
10.0%

Day
56.1%

Figure 1. Proportion of variation (%) in DMI of prefresh transition
Holsteins accounted for by day of gestation, animal factors, and di-
etary factors. R? of multivariate model = 0.18. EE = ether extract.
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DMI of lactating cows is responsive to the type and
amount of fat (Palmquist and Jenkins, 1980; Allen,
2000).

Statistical approach. Assessment of correlations
among independent variables is a prerequisite of multi-
variable ANOVA and multiple regression analysis
(Snedecor and Cochran, 1989; Chatterjee and Price,
1991). Incorporation of collinear independent variables
into a regression model results in biasing least square
estimates and underestimating variation and standard
error of the regression coefficients (Chatterjee and
Price, 1991). Moreover, interpretation of the algebraic
signs of regression coefficients depends on the assump-
tions that independent variables are not strongly corre-
lated (orthogonal), and that other variables remain un-
changed, in the case of removal or addition of one vari-
able. If we had addressed the objectives of this study by
a multiple regression analysis approach, results would
have been ambiguous and inferences would have been
conditional. Because of multicolinearity, concentra-
tions of organic macronutrients in the diet cannot be
set to a constant level when the level of one nutrient
changes. However, creation of discrete databases by
categorizing independent variables reduces imbalance
in animal numbers within categories of animal and
dietary factors, but does not eliminate multicollinear-
ity. Therefore, we used a multivariable ANOVA ap-
proach on discrete databases to accomplish the objec-
tives of this study.

Effects of Animal and Dietary Factors on DMI

Data in Table 3 indicate that researchers tended to
formulate diets to provide higher concentrations of nu-
trients for the prefresh transition period than those
recommended by the NRC (1989) at the time trials were
conducted. Eastridge et al. (1998) indicated exceeding
NRC (1989) nutrient recommendations, especially for
the prefresh transition period, was also a common feed-
ing recommendation by some commonly used ration
software programs. Mean nutrient densities of diets
categorized as L for Model I (Table 3) are close to previ-
ous recommendations by NRC (1989) for dry cows: 1.25
NE;, (Mcal/kg), 12% CP, a minimum of 27% ADF and
35% NDF, and 3% EE. Those values are also similar
to what the new NRC (2001) would suggest prior to
the depression in DMI during the prefresh transition
period. Table 6 summarizes main and polynomial ef-
fects of category of animal and dietary factors and inter-
actions of factors with time.

Time effect. Average DMI for all animals was 1.91
and 1.30% of BW on d 21 and 1 prepartum, respectively.
DMI decreased 32.2% during the final 3 wk of gestation,
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and 88.9% of that decline occurred during the final week
of gestation (P < 0.0001, figure not shown).

Parity effect. Average daily DMI during the final 3
wk of gestation for cows was greater than for heifers
(1.88 vs 1.69% of BW, respectively, P < 0.0001; Table
6). One could expect greater DMI in heifers than in
cows when DMI is expressed as a percentage of BW,
because younger animals would have greater nutrient
requirements for growth. However, cows had at least
one prior lactation, and the capacity of digestive tract
increases with lactation (Smith and Baldwin, 1974). If
this carries over to the dry period, it may facilitate
greater DMI.

The magnitude of DMI depression for heifers and
cows was different as they approached parturition (par-
ity x time interaction, P < 0.0001; Figure 2A). DMI of
cows gradually decreased from 2.06 to 1.36% of BW
during the final 3 wk of gestation. The DMI of heifers
remained more constant, at about 1.8 to 1.7% of BW
from 3 to 1 wk before parturition, and then sharply
decreased to 1.23% of BW during the final week of gesta-
tion. Marquardt et al. (1977) reported 25 and 52% de-
creases in DMI for heifers and cows, respectively, dur-
ing the final 2 wk of gestation. The greater extent of
DMI depression during the prefresh transition period
of cows compared with that of heifers suggests a greater
decrease in energy balance, which may relate to their
greater predisposition to postpartum health problems
(Curtis et al., 1985).

Body condition effect. BCS score affected DMI (P
< 0.005; Table 6). DMI was decreased linearly as BCS
increased (P < 0.0007), and was 1.84, 1.83, and 1.68%
of BW for T, M, and O animals, respectively (Tables 1
and 6). As indicated earlier, an increase in BCS was
associated with an increase in BW. However, as a per-
centage of fat-free BW, digestive tract capacity of O
cows does not differ from T cows (Doreau et al., 1985).
This suggests that differences in DMI due to BCS are
probably not related to gut fill and reflect the ratio of
body mass to digestive tract capacity.

The magnitude of DMI depression differed by BCS
as animals approached parturition (BCS X time interac-
tion, P < 0.006; Figure 2B). DMI of O animals continu-
ously and gradually decreased during the final 3 wk of
gestation, whereas DMI of T and M animals remained
relatively constant from 3 to 1 wk before parturition,
and then decreased sharply during the final week of
gestation. Total DMI depression during the final 3 wk
of gestation was 28, 29, and 40% for T, M, and O, respec-
tively. Body condition at parturition may impact post-
partum health, lactation, and reproduction (Treacher
et al., 1986). Thin animals may experience inefficient
reproductive performance (Heuer et al., 1999) and have
low peak milk yield (Frood and Croxton, 1978). Lack
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Table 6. Effect of animal and dietary factors on DMI during final 21 d of gestation in Holsteins.!

Animal and dietary factors

Category or level Parity BCS RUP RDP NDF EE

DMI, % of BW
Heifer 1.69 = 0.04 — — — — —
Cow 1.88 + 0.04 — — — — —
Thin — 1.84 + 0.05 — — — —
Medium — 1.83 £ 0.04 — — — —
Obese — 1.68 + 0.05 — — — —
Low — — 1.83 + 0.06 1.73 £ 0.04 2.03 = 0.06 1.93 £ 0.05
Moderate — — 1.80 £ 0.04 1.84 £ 0.04 1.68 £ 0.03 1.71 £ 0.03
High — — 1.72 + 0.03 1.78 £ 0.05 1.64 + 0.04 1.72 + 0.05
Statistical significance, P?
Main effect <0.0001 0.005 0.06 0.02 <0.0001 <0.0001
Interaction with time <0.0001 0.006 0.003 <0.0001 0.14 0.09
Linear effect — 0.0007 0.02 0.45 <0.0001 0.04
Quadratic effect — 0.06 0.60 0.005 0.0002 <0.0001

Data were generated using Model I and the discrete database in which nutrients were categorized as low, moderate, and high. Time
effect was P < 0.0001. Whole-plot and subplot variances were 0.13 and 0.09, respectively. Values for animal and dietary factors are least

square means * SE.
2Probability values were by Satterthwaite approximation.

of mobile fat reserves force T animals to meet nutrient
demands by increasing voluntary intake (Garnsworthy
and Topps, 1982; Holter et al., 1990). Treacher et al.
(1986) reported that sluggish appetites of O animals

DML, % of BW

1, % of BW

D

-21 -19 -17 -15 -13 -11 -9 -7 -5 -3 -1

Day Relative to Calving

Figure 2. Daily DMI (% of BW) of (A) prefresh Holstein heifers
(n =172, A) and cows (n = 527, W), and of (B) prefresh transition
Holsteins with BCS (mean + SD) of 2.84 + 0.23 (n = 96, #), 3.57 +
0.25 (n =516, M), and 4.36 £ 0.22 (n =79, A).

continued during early lactation and consequently,
greater fat mobilization occurred, which may predis-
pose them to metabolic disorders (Curtis et al., 1985).

Protein effect. There were no main (P < 0.38), linear
(P < 0.18), or quadratic (P < 0.68) effects of CP on DMI
when CP replaced RUP and RDP in Model I (data not
shown). DMI was 1.73, 1.74, and 1.79% of BW for ani-
mals fed diets categorized as L, M, and H CP, respec-
tively (Table 3). The magnitude of DMI depression as
animals approached parturition tended to decrease
with increasing level of CP (CP x time interaction, P <
0.09; figure not shown), and was 34, 27.4, and 29.9%
for animals fed diets categorized as L, M, and H CP, re-
spectively.

Dietary RUP concentrations tended to affect DMI (P
<0.06; Table 6). DMI decreased linearly as level of RUP
increased (P < 0.02), and was 1.83, 1.80, and 1.72% of
BW for animals fed diets categorized as L, M, and H
RUP, respectively (Tables 3 and 6). An interaction be-
tween RUP and time indicated that the linear effect of
RUP on DMI diminished as parturition approached (P
< 0.003; Figure 3A). The linear decrease in DMI by
increasing level of RUP may suggest that feeding ani-
mals diets containing L. RUP (3.5 £+ 0.2%) is sufficient
to meet AA requirements for fetal and maternal tissues
during the final 3 wk of gestation. Alternatively, diets
high in RUP may be less palatable.

Dietary RDP concentrations affected DMI (P < 0.02;
Table 6). DMI increased quadratically as level of RDP
increased (P < 0.005), and was 1.73, 1.84, and 1.78% of
BW for animals fed diets categorized as L, M, and H
RDP, respectively (Tables 3 and 6). Similarly, an inter-
action between RDP and time indicated that the qua-
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Figure 3. Daily DMI (% of BW) of (A) prefresh transition Holsteins
fed diets containing (mean + SD) 3.5+ 0.2 (n =53, #),4.5+0.3 (n =
365, W), and 5.7 + 0.4% (n = 281, A) RUP, and (B) those fed diets
containing 8.5+ 0.4 (n = 234, ), 9.8 + 0.7 (n = 352, W), and 12.9 +
1.3% (n = 113, A) RDP.

dratic effect of RDP on DMI diminished as parturition
approached (P < 0.0001; Figure 3B). The quadratic in-
crease in DMI by increasing level of RDP may indicate
that feeding animals diets containing M RDP (9.8 +
0.7%) during the final 3 wk of gestation optimizes micro-
bial protein synthesis and meets nitrogen demand for
rumen microbes. Feeding animals higher amounts of
RDP may result in increased rumen ammonia concen-
tration that may detrimentally affect rumen fermenta-
tion and adversely influence DMI (Cameron et al., 1991,
Choung and Chamberlein, 1995).

Efficient protein nutrition in ruminants depends on
consumption of RUP and RDP to support optimal ru-
men fermentation and microbial protein yield and pro-
vide metabolizable protein for utilization by body and
fetal tissues (Leng and Nolan, 1984). Results of protein
nutrition studies are often inconclusive and ambiguous,
mainly because of confounding effects when changing
RUP or RDP concentration of diets while maintaining
a constant level of CP. Putnam and Varga (1998) fed
prefresh transition cows isoenergetic diets containing
10.6, 12.7, and 14.5% CP (4.0, 4.8, and 5.5% RUP and
6.6, 7.9, and 9% RDP, respectively). They reported that
increasing protein concentration did not affect DMI
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(both kg/d and % of BW), and that increased nitrogen
intake was associated with increased urinary and fecal
excretion, increased maternal retention, and decreased
efficiency of nitrogen utilization. In another study, Put-
nam et al. (1999) reported no difference in DMI (both
kg/d and % of BW) between prefresh transition cows
fed a diet containing 17.8% CP (6.7% RUP and 11.1%
RDP) and those fed a diet containing 13.3% CP (4.8%
RUP and 8.5% RDP). Wu et al. (1997) offered isonitro-
genous diets (14% CP) and showed that there was no
difference in DMI between prefresh transition cows fed
a diet containing 4.7% RUP and 9.3% RDP and those
fed a diet containing 5.8% RUP and 8.2% RDP. Hartwell
et al. (2000) examined the effects of RUP without the
confounding effects of decreased RDP and reported no
change in DMI of prefresh transition dairy cows fed
diets containing either 4.0% RUP (14.1% CP and 10.0%
RDP) or 6.2% RUP (16.2% CP and 9.9% RDP). They also
showed that animals previously fed the diet containing
high RUP had lower DMI and milk yield during early
lactation than those previously fed the diet containing
low RUP.

Carbohydrate effect. Dietary NDF concentrations
affected DMI (P < 0.0001; Table 6). DMI decreased lin-
early (P < 0.0001) and quadratically (P < 0.0002) as
level of NDF increased and was 2.03, 1.68, and 1.64%
of BW for animals fed diets categorized as L, M, and H
NDF, respectively (Tables 3 and 6). A tendency for a
NDF x time interaction suggests that DMI depression
before parturition may be physiologically mediated and
partially independent from the rumen-filling effect of
increasing dietary NDF concentration (P < 0.14; Fig-
ure 4A).

Flipot et al. (1998) offered concentrates as 75 or 25%
of TMR to dairy cows during the dry period and reported
greater intake by animals fed diets containing 75% con-
centrate. Olsson et al. (1998) reported higher DMI pre-
partum and postpartum by dairy cows fed a diet con-
taining 27.4% NDF than by those fed a diet containing
31.5% NDF during the final week of gestation. Increas-
ing dietary NDF concentrations can adversely affect
DMI by limiting gut fill (Forbes, 1996; Allen, 2000).
Greater DMI of animals fed diets categorized as L NDF
(29.7 £ 1.2%) or H NFC (42.1 * 3.1%) could be related
to elimination of rumen distention. Feeding highly fer-
mentable carbohydrates may favor greater intake by
stimulating papillae (Dirksen et al., 1985) and micro-
bial growth (Forbes, 1996; Allen, 2000). Papillae growth
increases surface area and VFA absorptive capacity of
the rumen epithelium (Dirksen et al., 1985). This possi-
bly prevents accumulation of VFA, decreased ruminal
pH, adverse affects on rumen microflora and fermenta-
tion, and feed intake.
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An optimal dietary NDF concentration for prefresh
transition dairy cows has not been defined. In this
study, EI was at maximum when the NDF:NFC ratio
in the diets was equal to 0.78 (EI, Mcal/d = 23.50 —
4.30-[NDF:NFC] + 0.39:[NDF:NFCJ%, R? = 0.11, P <
0.0001, and DMI, % of BW = 1.87 — 0.09-[NDF:NFC],
R? = 0.15, and P < 0.0001). Feeding cows diets with
insufficient NDF may compromise rumen function and
possibly lead to displaced abomasum (Cameron et al.,
1998), acidosis (Nocek, 1997), laminitis (Clarkson et al.,
1996), mammary gland edema (Greenhalgh and Gard-
ner, 1958; Emery et al., 1969), and parturient paresis
(Emery et al., 1969).

Fat effect. Dietary EE concentrations affected DMI
(P <0.0001; Table 6). DMI decreased linearly (P < 0.04)
and quadratically (P < 0.0001) as the level of EE in-
creased, and was 1.93, 1.71, and 1.72% of BW for ani-
mals fed diets categorized as L, M, and H EE, respec-
tively (Tables 3 and 6). The difference in EE concentra-
tions between L (2.0 £ 0.2) and M (3.2 £+ 0.5) was much
less than that between M (3.2 + 0.5) and H (5.7 + 1.0).
However, the difference in DMI response for the former
interval was much greater than for the latter interval
(Tables 3 and 6). Dietary EE concentrations tended to
affect the magnitude of DMI depression differently as
gestation advanced (EE x time interaction, P < 0.09;
Figure 4B). Depression in DMI during the final 3 wk
of gestation was 19, 27, and 32% for animals fed diets
categorized as L, M, and H EE, respectively.

Effects of supplemental fat on DMI are typically neg-
ative and have been extensively studied in numerous
studies involving lactating cows (Palmquist and Jen-
kins, 1980; Allen, 2000). Mechanisms by which supple-
mental fat decreases DMI, particularly in prefresh tran-
sition dairy cows, have not been elucidated. Devendra
and Lewis (1974) reported that fat feeding may ad-
versely affect DMI by coating fiber, and consequently,
preventing bacteria from being in close proximity for
fiber digestion; adversely affecting growth of fiber-di-
gesting microbes; and causing formation of insoluble
calcium soaps, which decrease the availability of cal-
cium for microbial activity and fiber degradation. Feed-
ing fat may also influence acceptability of diet, gut mo-
tility, and hormonal status (i.e., insulin and cholecysto-
kinin as summarized for lactating cows (Palmquist and
Jenkins, 1980; Allen, 2000).

Interactions Between Animal and
Dietary Factors and Among Dietary Factors

The second discrete database, in which dietary fac-
tors were categorized as BM and AM, was used for
Model II to determine interactions between animal and
dietary factors and among dietary factors. In the re-
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Figure 4. Daily DMI (% of BW) of (A) prefresh transition Holsteins
fed diets containing (mean + SD) 29.7 £ 1.2 (n = 128, #), 425+ 5.2
(n =498, W), and 53.6 + 4.1% (n = 137, A) NDF, and (B) those fed
diets containing 2.0 £ 0.2 (n = 80, #), 3.2 + 0.5 (n = 543, W), and 5.7
+1.2% (n = 76, A) ether extract.

duced form of this model, there were no significant in-
teractions involving more than three factors. Signifi-
cant three-way interactions were BCS x RUP x NDF
(P < 0.006), NDF x RUP x RDP (P < 0.001), and RUP
x NDF x EE (P < 0.03). Unless reported below, there
were no other significant interactions between animal
and dietary factors and among dietary factors obtained
in the whole-plot of Model II. Significant three-way in-
teractions were difficult to interpret and were not help-
ful for explaining two-way interactions. Therefore, they
will not be discussed.

Interactions between animal and dietary fac-
tors. There was an interaction between parity and level
of EE (P < 0.001; Figure 5A). Increasing EE from BM
to AM caused a more dramatic decrease in DMI for
heifers than for cows. DMI of heifers and cows was 1.71
and 1.81% of BW, respectively, when they were fed diets
categorized as BM EE. DMI of heifers and cows was
1.25 and 1.70% of BW, respectively, when they were
fed diets categorized as AM EE. To our knowledge, such
an interaction has not been previously reported in the
literature. Because feeding fat is more common during
lactation than during heifer growth, cows are more
likely than heifers to have been previously exposed to
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Figure 5. Effects of interactions between (A) parity and dietary
ether extract (EE) concentration (n = 75 and 251 for heifers and cows
fed diets categorized as below the mean (BM) EE, and 97 and 276
for heifers and cows fed diets categorized as above the mean (AM) EE,
respectively), and (B) between BCS and dietary NDF concentration (n
= 45, 235, and 45 for thin, moderate, and obese animals fed diets
categorized as BM NDF and 51, 281, and 34 for thin, moderate, and
obese animals fed diets categorized as AM NDF, respectively) on DMI
during the final 3 wk of gestation in Holsteins.

supplemental fat. Therefore, the greater decrease in
DMI by heifers than cows when increasing EE may
reflect differences in acceptability of the EE. Palmquist
and Conrad (1978) fed Holsteins and Jerseys diets con-
taining 3.18, 5.73, 5.93, or 10.80% EE, and reported
that DMI, expressed as a percentage of BW, declined
to a greater extent in Jerseys than in Holsteins as di-
etary EE concentration increased. Although breed was
a confounding factor in their study, the data may indi-
cate that energy intake is more likely to be limited by
feeding supplemental fat to small-framed cows com-
pared with large-framed cows.

As reported earlier, DMI decreased linearly as BCS
increased (P < 0.0007, Table 6). However, there was an
interaction between BCS and level of NDF (P < 0.01;
Figure 5B). Increasing NDF from BM to AM decreased
DMI for T and O animals from 1.72 to 1.59 and from
1.55 to 1.49% of BW, respectively, and increased DMI
for M animals from 1.61 to 1.72% of BW. We have no
explanation for this interaction.

Interactions among dietary factors. There was
an interaction between levels of NDF and RUP (P <
0.00001; Figure 6A). When the diets contained BM
NDF, DMI of animals fed diets categorized as BM and
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Figure 6. Effects of interactions between (A) dietary concentra-
tions of RDP and NDF (n = 180, 274, 150, and 95 for animals fed
diets categorized as below mean (BM) RDP-BM NDF, BM RDP-
above mean (AM) NDF, AM RDP-BM NDF, and AM RDP-AM NDF,
respectively), and (B) between dietary concentrations of RUP and
NDF (n = 151, 267, 179, and 102 for animals fed diets categorized
as BM RUP-BM NDF, BM RUP-AM NDF, AM RUP-BM NDF, and
AM RUP-AM NDF, respectively) on DMI during the final 3 wk of
gestation in Holsteins.

AM RUP was 1.45 and 1.81% of BW, respectively. When
the diets contained AM NDF, DMI for animals fed diets
categorized as BM and AM RUP was 1.71 and 1.49%
of BW, respectively.

The interaction pattern between dietary NDF and
RDP levels was the opposite of that between dietary
NDF and RUP levels (P < 0.0001; Figure 6B). When
the diets contained BM levels of NDF, the DMI of ani-
mals fed diets categorized as BM and AM RDP was
1.74 and 1.52% of BW, respectively. When the diets
contained AM NDF, the DMI for animals fed diets cate-
gorized as BM and AM RDP was 1.47 and 1.73%, respec-
tively.

Balancing rations for carbohydrate and protein is im-
portant to optimize rumen fermentation and synchro-
nize microbial protein synthesis (Hoover and Stokes,
1991). Interactions between RDP and RUP with NDF
observed in this study contradict the expectation that
low NDF and high RDP may increase microbial protein
synthesis and DMI (Clark et al., 1992). Casper and
Schingoethe (1989) reported that increasing solubility
of carbohydrate and CP increased DMI and milk yield.
Stokes et al. (1991) fed lactating cows isonitrogenous
diets (18.4% CP) containing 9.0, 11.8, and 13.8% RDP
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Figure 7. Effects of interactions between (A) dietary concentra-
tions of NDF and EE (n = 117, 209, 213, and 160 for animals fed
diets categorized as below mean (BM) EE-BM NDF, BM EE-above
mean (AM) NDF, AM EE-BM NDF, and AM EE-AM NDF, respec-
tively), and (B) between dietary concentrations of RUP and EE (n =
216, 110, 202, and 171 for animals fed diets categorized as BM EE—
BM RUP, BM EE-AM RUP, AM EE-BM RUP, and AM EE-AM RUP,
respectively) on DMI during the final 3 wk of gestation in Holsteins.

and 39.9, 33.1, and 27.4% NDF. There was no RDP x
NDF interaction on DMI, but feeding diets containing
more than 9% RDP and less than 39.9% NDF max-
imized microbial protein flow from the rumen. Zimmer-
man et al. (1992) also reported no RUP x NDF interac-
tion on DMI of lactating cows fed diets containing 28.2
and 35.8% NDF and 5.3 and 7.8% RUP. The reason for
inconsistencies among our results and those of others is
unknown. Gastrointestinal tract fill is greater, turnover
rates of liquids and solids are slower, and ruminal re-
tention times are longer in dry cows than in lactating
cows (Pond et al., 1984), suggesting that strategies to
manipulate protein and carbohydrate fermentation for
optimal microbial protein synthesis may differ by physi-
ological state.

There was an interaction between levels of EE and
NDF (P <0.0001; Figure 7A). When the diets contained
BM EE, the DMI of animals fed diets categorized as BM
and AM NDF was 1.68 and 1.84% of BW, respectively.
When the diets contained AM EE, the DMI for animals
fed diets BM and AM NDF was 1.58 and 1.36% of BW,
respectively. Adverse effects of fat feeding on fiber deg-
radation in lactating dairy cows have been summarized
in several review articles (Palmquist and Jenkins, 1980;
Allen, 2000). Moreover, studies involving lactating
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dairy cows showed that EE x NDF interaction changes
depending upon fat type (Palmquist and Jenkins, 1980;
Wu et al., 1994) and source of forage (Adams et al.,
1995). It was proposed that adverse effects of fat supple-
mentation may decrease as dietary NDF increases (Pal-
mquist and Jenkins, 1980). In contrast, our results indi-
cated that increasing EE depressed DMI to a greater
extent when animals were fed diets containing AM NDF
(49.6 + 4.5%) compared to when animals were fed diets
containing BM NDF (36.6 £ 4.7%). Elliott et al. (1995)
reported a similar interaction pattern when lactating
cows were fed diets containing 33.7 and 44.5% NDF
and 2.8 and 5.5% EE.

There was an interaction between levels of EE and
RUP (P < 0.03; Figure 7B). When the diets contained
BM EE, the DMI of animals fed diets categorized as
BM and AM RUP was 1.77 and 1.75% of BW, respec-
tively. When the diets contained AM EE, the DMI for
animals fed diets categorized as BM and AM RUP was
1.39 and 1.55% of BW, respectively. Palmquist et al.
(1993) reported that supplementation of 5% of tallow
depressed microbial protein synthesis. However, addi-
tion of an 8% mixture of blood meal and hydrolyzed
feather meal (1:1) compensated for depressed microbial
protein synthesized in the rumen by increasing total
nitrogen intake, duodenal AA nitrogen flow, and ab-
sorption of Ile, Leu, Met, and Lys. Feeding a higher
level of RUP may be necessary to maintain AA flow to
the duodenum when animals are fed supplemental fat
ifthere is a decrease in fiber digestion, microbial protein
synthesis, or DMI.

CONCLUSIONS

Day of gestation, parity, BCS, and concentrations of
organic macronutrients were systematically evaluated
as potential factors that may influence DMI during the
prefresh transition period. Of the factors we studied,
day of gestation, parity, BCS, and concentrations of
NDF and EE in the diet accounted for the greatest
proportion of variation in DMI. However, the R? of the
multivariate model was only 0.18. Variation among ex-
periments in methodologies for body condition scoring
and determination of nutrient content of diets may par-
tially account for the low R%. DMI decreased by 32.2%
during the final 3 wk of gestation and 88.9% of that
decline occurred during the final week of gestation.
Cows consumed greater DMI than heifers. DMI was
not affected by CP; linearly decreased by BCS, RUP,
NDF, and EE, and quadratically increased by RDP.
Increasing NDF for O and T animals and EE for heifers
caused lower DMI. Moreover, NDF x RUP and NDF x
RDP interactions on DMI were the opposite of those
observed in lactating cows. Increasing dietary EE was
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accompanied by greater DMI when the diets contained
AM RUP or BM NDF. Factors and interactions that
affect DMI identified by this study may be helpful when
developing feeding strategies for prefresh transition
dairy cows.
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