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  ABSTRACT 

  An experiment was conducted to determine the ef-
fect of plane of energy intake prepartum on postpartum 
performance. Primiparous (n = 24) and multiparous (n 
= 23) Holsteins were randomly assigned by expected 
date of parturition to 1 of 3 prepartum energy intakes. 
A moderate energy diet [1.63 Mcal of net energy for 
lactation (NEL)/kg; 15% crude protein (CP)] was fed 
for either ad libitum intake (OVR) or restricted intake 
(RES) to supply 150 or 80% of National Research 
Council (2001) energy requirement, respectively, for dry 
cows in late gestation. To limit energy intake to 100% 
of NRC requirement at ad libitum dry matter intake 
(DMI), chopped wheat straw was included as 31.8% of 
dry matter (DM) in a control diet (CON; 1.21 Mcal of 
NEL/kg of DM; 14% CP). Multiparous and primiparous 
cows assigned to OVR gained body condition during 
the dry period [initial body condition score (BCS) = 
3.3], but were not overconditioned by parturition (BCS 
= 3.5). Multiparous cows in the OVR group lost more 
BCS postpartum than multiparous RES or CON cows. 
Primiparous cows lost similar amounts of BCS among 
dietary treatment groups postpartum. Addition of 
chopped wheat straw to CON diets prevented a large 
decrease in DMI prepartum in both primiparous and 
multiparous cows. During the first 3 wk postpartum, 
DMI as a percentage of BW was lower for multiparous 
OVR cows than for multiparous RES cows. Prepartum 
diet effects did not carry over through the entire 8-wk 
lactation period. Because of greater mobilization of 
body stores, OVR cows had greater milk fat percent-
age and greater 3.5% fat-corrected milk yield during 
the first 3 wk postpartum. Multiparous cows assigned 
to OVR experienced a 55% decrease in energy balance 
and primiparous cows a 40% decrease in energy balance 
during the last 3 wk before parturition, compared with 

CON or RES cows that had little change. Multiparous 
cows fed OVR had a greater contribution of energy 
from body energy reserves to milk energy output than 
either CON or RES cows. Overfeeding energy prepar-
tum resulted in large changes in periparturient energy 
balance. Even in the absence of overconditioning, a 
large change in DMI and energy balance prepartum in-
fluenced postpartum DMI and BCS loss, especially for 
multiparous cows. Chopped wheat straw was effective 
at controlling energy intake prepartum, although prim-
iparous cows did not achieve predicted DMI. Even so, 
controlling or restricting energy intake in primiparous 
cows was not detrimental to lactational performance 
over the first 8 wk of lactation. 
  Key words:    periparturient cow ,  energy intake ,  prim-
iparous cow ,  multiparous cow 

  INTRODUCTION 

  Limiting intakes of DM and energy prepartum to pre-
vent overconsumption relative to requirements may im-
prove cow health and liver function postpartum (Grum 
et al., 1996; Rukkwamsuk et al., 1998, 1999; Dann et 
al., 2006; Douglas et al., 2006). In research settings, it 
is easy to restrict the amount of feed offered to each 
cow to control total intake of nutrients. In practical 
settings with group housing, however, it is more dif-
ficult to ensure that all cows in the group are allowed 
equal amounts of DM when physically restricting the 
amount of feed provided (Winkelman et al., 2008). A 
greater inclusion of lower quality forages increases the 
concentration of NDF in the diet and limits total DMI 
(NRC, 2001), which at the same time limits total nutri-
ent consumption. Forages such as chopped wheat straw 
have been successfully used to limit prepartum energy 
intake (Dann et al., 2006) and improve transition health 
in the field (Drackley and Dann, 2005; Beever, 2006). 
Controlled research is needed, however, to elucidate 
how these diets may compare with physical restriction 
of intake and ad libitum feeding of a moderate NDF, 
moderate energy density diet during the dry period. 

  Data are also needed to answer how controlling en-
ergy intake prepartum in primiparous cows may affect 
their lactational performance. It is not uncommon to 
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have multiparous and primiparous cows fed together 
before parturition, but group feeding raises some im-
portant concerns. For example, primiparous cows spend 
less time at the feed bunk because of their lower social 
status relative to older cows and, consequently, con-
sume less DM (Grant and Albright, 1995). Restricting 
energy intake of primiparous cows, whether intentional 
or not, might be detrimental to milk yield because 
these cows have requirements for growth in addition 
to pregnancy and lactation (NRC, 2001). Some studies 
that have focused on the effect of plane of nutrition 
on subsequent lactational performance in primiparous 
cows have indicated that a higher plane of nutrition 
prepartum may confer advantages over restriction of 
nutrients prepartum (Broster and Tuck, 1967; Park 
et al., 1987). In contrast, Lacasse et al. (1993) found 
no advantage of overfeeding primiparous cows before 
their first lactation on milk yield or milk components. 
Prepartum plane of nutrition was not related to pro-
ductivity or longevity in the herd; rather, reproductive 
problems were the primary reason cows left the herd 
(Gardner et al., 1988).

Dry period studies that have included primiparous 
cows in addition to multiparous cows have not fed diets 
that have been formulated to truly limit energy intake 
to NRC (2001) recommendations (VandeHaar et al., 
1999; Mashek and Beede, 2001). When diets are not 
formulated to limit DMI, multiparous cows will over-
consume energy relative to requirements (Dann et al., 
2006; Douglas et al., 2006), leaving little doubt that 
the same will hold true for heifers. Diets that can be 
formulated to control intake when fed ad libitum to 
mixed groups would allow maximal DMI without allow-
ing overconsumption of energy and other nutrients.

Our hypothesis was that ad libitum feeding of a diet 
formulated with a greater inclusion of forage NDF 
would provide adequate nutrients but limit energy 
intake to NRC (2001) requirements, which would pro-
vide benefits similar to those observed with restricted 
intakes. Therefore, the objectives of this study were to 
determine the effects of controlling prepartum energy 
intake in both primiparous and multiparous cows on 
1) prepartum feed characteristics including sorting of 
dietary ingredients, 2) changes in DMI, BW, BCS, and 
energy balance prepartum and postpartum, and 3) 
postpartum milk production and milk composition.

MATERIALS AND METHODS

Animal Management

All procedures were conducted under protocols ap-
proved by the University of Illinois Institutional Animal 
Care and Use Committee. Both primiparous and mul-

tiparous Holstein cows were enrolled in this study. At 
72 d before expected parturition, 24 lactating, multipa-
rous Holstein cows were moved into individual tie stalls 
and were fed the herd lactation diet at the University 
of Illinois Dairy Research Unit for ad libitum intake. 
Cows were dried off 65 d before expected parturition at 
which time they were randomly assigned by expected 
date of parturition to 1 of 3 dry period nutrition treat-
ments (Table 1). For the first dietary treatment group, 
a moderate energy diet was fed for ad libitum intake 
(OVR) to provide at least 150% of NRC (2001) energy 
requirements (NEL) for dry cows in late gestation. This 
same diet was fed in restricted amounts (RES) to sup-
ply 80% of NRC (2001) NEL requirements to a second 
group. For the third group, NEL intake was limited to 
100% of NRC (2001) requirement at ad libitum intake 
using a control (CON) diet. To limit DMI, the CON 
diet contained chopped wheat straw as 31.8% of the 
DM. Cows remained on their respective treatments un-
til parturition; however, a close-up diet, formulated to 
be similar in nutrient composition to each of the far-off 
diets but with negative DCAD (Table 1) was fed from 
−21 d to parturition.

At 42 d before expected parturition, 24 primiparous 
Holstein cows were moved to individual tie stalls and 
fed the herd dry cow diet at the University of Illinois 
Dairy Research Unit for ad libitum intake. At 35 d 
before expected parturition, these cows were randomly 
assigned by expected date of parturition to one of the 
same diets as described for multiparous cows. Prim-
iparous cows remained on their respective treatments 
through parturition and did not receive the diets al-
tered for DCAD closer to parturition.

From parturition through 60 DIM, both multiparous 
and primiparous cows consumed a lactation diet (Table 
1) balanced to meet or exceed NRC (2001) require-
ments for cows in early lactation at ad libitum intake. 
All cows were offered approximately 2.3 kg of alfalfa 
hay daily in addition to the TMR from the day of par-
turition through 10 DIM.

Measurements, Sampling, and Analyses

Both pre- and postpartum diets were mixed daily 
and fed as TMR. All cows were individually fed twice 
daily with approximately half of their daily diet of-
fered at 1100 h and the remainder at 1700 h. Individual 
feed offered and feed refusals were recorded daily from 
the initiation of prepartum treatments through 60 d 
postpartum. Cows were housed in tie stalls and were 
allowed to exercise daily between 0700 and 1000 h in 
an outside lot. At 10 d before expected parturition, 
cows were moved to individual maternity pens until 
parturition. After parturition, cows were returned to a 
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Table 1. Ingredients and nutrient composition of diets fed to primiparous and multiparous Holstein cows during prepartum and during early 
lactation 

Item

Far-off diet1 Close-up diet2

Lactation3CON4 OVR5 CON OVR

Ingredient, % of DM      
 Corn silage 35.5 35.8 35.0 34.8 30.5
 Alfalfa silage — 13.3 — 13.0 18.6
 Alfalfa hay 17.2 9.5 17.1 9.0 2.0
 Wheat straw, chopped 31.8 — 29.8 2.0 —
 Cottonseed — 5.1 — 5.0 9.5
 Corn grain, ground 3.6 17.9 3.5 17.6 20.7
 Soybean meal, 48% CP 5.1 6.6 5.9 5.0 6.0
 Soybean meal, expeller6 4.1 — 4.1 1.0 4.0
 Soy hulls — 10.4 — 7.9 3.0
 Wheat middlings — — — — 3.0
 Vitamin and mineral mix7 0.3 0.3 0.3 0.3 0.3
 Salt 0.3 0.2 0.3 0.3 0.2
 Ammonium chloride — — 0.3 0.4 —
 Calcium chloride — — 0.3 0.3 —
 Calcium sulfate — — 0.6 0.6 —
 Dicalcium phosphate 0.1 0.1 0.2 0.2 0.1
 Sodium bicarbonate — — — — 0.9
 Limestone 0.8 — 0.8 1.5 1.0
 Magnesium oxide — — 0.1 0.2 0.1
 Magnesium sulfate 0.3 0.2 0.8 0.9 0.1
 Vitamin A8 0.1 0.1 0.1 0.1 0.1
 Vitamin D9 0.1 0.1 0.1 0.1 0.1
 Vitamin E10 0.2 0.1 0.1 0.1 0.1
 Urea 0.9 0.2 0.7 0.1 —
Nutrient content11      
 Number of composites 8 8 4 7 9
 % DM 54.1 ± 3.60 53.2 ± 1.84 53.6 ± 3.52 54.3 ± 2.23 53.3 ± 1.77
 CP, % of DM 14.2 ± 0.95 15.0 ± 0.75 14.2 ± 0.95 15.0 ± 0.87 17.1 ± 0.60
 ADF, % of DM 34.7 ± 1.93 26.5 ± 1.20 32.3 ± 2.73 25.5 ± 1.17 23.0 ± 1.18
 NDF, % of DM 51.9 ± 2.24 38.6 ± 3.15 48.4 ± 3.52 38.31 ± 1.42 35.4 ± 1.24
 NEL, Mcal/kg of DM 1.21 ± 0.02 1.63 ± 0.02 1.25 ± 0.02 1.63 ± 0.02 1.69 ± 0.02
 Ca, % of DM 0.90 ± 0.108 0.66 ± 0.087 1.11 ± 0.186 1.32 ± 0.179 1.06 ± 0.119
 P, % of DM 0.25 ± 0.013 0.31 ± 0.017 0.27 ± 0.015 0.33 ± 0.022 0.40 ± 0.037
 Mg, % of DM 0.20 ± 0.004 0.23 ± 0.011 0.31 ± 0.017 0.34 ± 0.044 0.29 ± 0.033
 K, % of DM 1.60 ± 0.118 1.63 ± 0.124 1.52 ± 0.102 1.60 ± 0.109 1.65 ± 0.090
 Na, % of DM 0.18 ± 0.052 0.17 ± 0.075 0.14 ± 0.007 0.20 ± 0.102 0.36 ± 0.083
 S, % of DM 0.19 ± 0.019 0.20 ± 0.023 0.35 ± 0.021 0.33 ± 0.066 0.23 ± 0.059
 DCAD, mEq/kg 129 174 −60 −60 297
Particle size distribution,12  
 % of DM retained on screen
 >19.0 mm (top) 24.6 ± 7.30 7.5 ± 3.53 21.2 ± 4.72 7.5 ± 4.85 4.5 ± 2.55
 8.0 to 19.0 mm (middle) 33.3 ± 5.98 46.0 ± 3.34 36.5 ± 5.91 43.6 ± 6.93 45.6 ± 2.69
 <8.0 mm (bottom) 42.0 ± 4.80 46.5 ± 3.41 42.2 ± 2.80 48.9 ± 6.45 49.9 ± 3.28
 Number of samples 33 35 13 19 39
1Far-off diets were fed to primiparous cows from −42 d relative to expected parturition to parturition. Far-off diets were fed to multiparous cows 
from −65 d to −22 d relative to expected parturition.
2Close-up diets were fed from −21 d relative to expected parturition to parturition to multiparous cows only.
3Long-stemmed alfalfa hay was topdressed (~2.3 kg/d) onto the lactation ration from parturition through 10 DIM.
4Diet fed for ad libitum intake and formulated to control (CON) NEL intake to 100% of NRC (2001) recommendation for NEL for mature dry 
cows. Approximately 3.5 kg/cow water was added to adjust DM to that of the overfed (OVR) diet.
5Diet fed for ad libitum intake to cows in the OVR treatment group to achieve an NEL intake in excess (~150%) of the NRC (2001) recommen-
dation for NEL for mature dry cows. This diet was fed at restricted intake (RES treatment group) to achieve an NEL intake of 80% of the NRC 
(2001) recommendation for NEL for mature dry cows. 
6SoyPLUS (West Central Soy, Ralston, IA).
7Contained a minimum of 5.0% Mg, 10.0% S, 7.5% K, 2.0% Fe, 3.0% Zn, 3.0% Mn, 5,000 mg/kg Cu, 250 mg/kg I, 40 mg/kg Co, 150 mg/kg Se, 
2,200,000 IU/kg of vitamin A, 660,000 IU/kg of vitamin D3, and 22,000 IU/kg of vitamin E.
8Contained 30,000 kIU/kg.
9Contained 5,009 kIU/kg.
10Contained 44,000 IU/kg.
11Nutrient composition based on 4-wk feed ingredient composites. Means are presented with standard deviations.
12Particle size data are presented as means with standard deviations. A 3-screen Penn State Particle Size Separator (Pennsylvania State 
University) was used for measurements. Lactation diet samples used to determine particle size did not include the long-stemmed alfalfa hay that 
was topdressed onto the diet from parturition through 10 DIM.



tie stall. Cows were milked twice daily at 0300 and 1500 
h and milk yields were recorded. Consecutive morning 
and evening milk samples were taken weekly when cows 
were ≥6 DIM and each week thereafter through 60 
DIM. Milk samples were composited in proportion to 
milk yield, preserved (800 Broad Spectrum Microtabs 
II; D&F Control Systems Inc., San Ramon, CA) and 
analyzed for contents of fat, protein, lactose, and urea 
N, as well as SCC (Dairy Lab Services, Dubuque, IA).

Cow BW was recorded once weekly for all cows after 
the morning milking and before the morning feeding. 
Additionally, cows were weighed after parturition and 
calf birth weight was recorded. A BCS (Wildman et al., 
1982) was assigned independently by 4 individuals once 
per week and the median score was used for each cow.

Individual feed ingredients were sampled weekly and 
DM content (AOAC, 1995) was determined for each 
component. Rations were adjusted for DM of ingredi-
ents on a weekly basis. Because of potential differences 
in DM content of the prepartum TMR, water (2.5 to 
3.5 kg/cow) was added to the CON TMR to adjust 
its DM content to within 1 to 5% of DM of the OVR 
TMR. Weekly feed ingredient samples were frozen at 

−20°C and then composited monthly for analysis of 
DM, CP, NDF, ADF, Ca, P, K, and Mg by wet chemis-
try techniques at a commercial laboratory (Dairy One, 
Ithaca, NY). For energy calculations, Dairy One used 
the Ohio State summative energy equation to predict 
total digestible nutrients (TDN) at maintenance and 
the NRC (2001) equations to calculate NEL at 3× 
maintenance, with the Van Soest variable discount 
system used for forages. Particle size distribution was 
determined weekly for each of the TMR samples using 
a Penn State Particle Separator with 2 screens (Table 
1). To help evaluate potential sorting of prepartum 
diets or the lactation diet, feed refusals were sampled 
weekly before refusals were removed and weighed in 
the morning. These samples were frozen at −20°C and 
composited by cow every 4 wk for analysis of DM, CP, 
NDF, ADF, Ca, P, K, and Mg by wet chemistry tech-
niques as done for individual feed ingredients (Dairy 
One). The difference between nutrient composition of 
the TMR as fed compared with the nutrient composi-
tion of the refused feed is summarized in Table 2.

Energy balance was calculated both pre- and postpar-
tum for each multiparous cow using equations from NRC 
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Table 2. Macronutrient composition of feed refusals compared with composition of the diet at the time offered to multiparous and primiparous 
Holstein cows 

Nutrient fraction

Far-off1 Close-up2 Lactation

CON3 OVR4 CON OVR All cows5

Refusal composites, n 24 27 6 12 42
NDF, % of DM     
 Refusals6 59.5 ± 6.49 42.4 ± 6.63 59.3 ± 3.64 39.0 ± 3.68 39.4 ± 5.68
 Difference7 7.6 3.8 10.9 0.7 4.1
ADF, % of DM      
 Refusals 41.1 ± 4.19 29.4 ± 4.11 40.7 ± 2.47 26.8 ± 3.03 26.3 ± 4.05
 Difference 6.5 3.0 8.4 1.3 3.3
CP, % of DM      
 Refusals 11.4 ± 1.67 15.0 ± 1.22 10.8 ± 1.77 15.4 ± 1.44 17.4 ± 1.97
 Difference −2.9 0.0 −3.0 0.4 0.3
Total digestible nutrients, % of DM      
 Refusals 63.1 ± 1.90 68.0 ± 2.02 63.5 ± 1.05 68.8 ± 1.19 67.4 ± 10.60
 Difference 0.6 −2.2 0.5 −1.7 −5.0
NEL, Mcal/kg      
 Refusals 1.5 ± 0.02 1.6 ± 0.02 1.5 ± 0.01 1.6 ± 0.01 1.6 ± 0.01
 Difference 0.27 −0.03 0.23 0.00 −0.08

1Far-off diets were fed to primiparous heifers from −42 d relative to expected parturition to parturition. Far-off diets were fed to multiparous 
cows from −65 d to −22 d relative to expected parturition.
2Close-up diets were fed from −21 d relative to expected parturition to parturition to multiparous cows only.
3CON = controlled energy intake prepartum. This diet was fed for ad libitum intake to control NEL intake to 100% of the NRC (2001) recom-
mendation for NEL for mature dry cows.
4OVR = cows overfed energy prepartum. This diet was fed for ad libitum intake to achieve an NEL intake in excess (~150%) of the NRC (2001) 
recommendation for NEL for mature dry cows. This diet was fed at restricted intake (RES treatment group) to achieve an NEL intake of 80% of 
the NRC (2001) recommendation for NEL for mature dry cows.
5One lactation diet was fed to all cows at parturition. Refusal samples containing long-stemmed alfalfa hay that was topdressed (~2.3 kg/d) onto 
the diet from parturition through 10 DIM were not included in composites used for composition analysis.
6Means ± standard deviations.
7Differences calculated as composition of feed refusal minus composition of diet offered; therefore, positive numbers represent increases in the 
nutrient concentration in refused feed.



(2001). Intake of NEL was calculated by multiplying the 
daily DMI by NEL density in the diet determined using 
the monthly composites of individual feed ingredients 
as described earlier. Maintenance NEL (Mcal) was 
calculated as BW0.75 × 0.080. Pregnancy requirements 
for NEL (Mcal) were calculated as [(0.00318 × day of 
gestation – 0.0352) × (calf birth weight/45)]/0.218. Re-
quirements of NEL for milk production were calculated 
as (0.0929 × fat %) + (0.0547 × protein %) + (0.0395 
× lactose %).

For primiparous cows, maintenance NEL, pregnancy 
requirement for NEL, and NEL for milk production were 
calculated with the same equations used for cows. Ad-
ditionally, retained energy (RE) or NEG required dur-
ing pregnancy was calculated using equation 11–2 in 
NRC (2001). Data from the University of Illinois Dairy 
Research Unit were used to obtain average age at first 
calving and an estimate of mature BW of multiparous 
cows in the herd. These data were used to estimate 
mature shrunk BW, target weight at first breeding, and 
target age of first pregnancy for primiparous cows. Age 
of each primiparous cow and pretrial BW were used to 
estimate growth rate before the trial. The expanded 
equation for calculation of RE was as follows:

RE = 0.0635 × {0.891 × [(0.96 × current BW)  

× (478/mature shrunk BW)]}0.75 × {0.956 × [target  

BW at first breeding – (0.96 × current BW)]/ 

[target age at first pregnancy – current age]}1.097.

After substituting in herd estimates, the following equa-
tion resulted, with herd estimates in bold:

RE = 0.0635 × {0.891 × [(0.96 × current BW)  

× (478/654 kg)]}0.75 × {0.956 × [375 kg – (0.96  

× current BW)]/[500 d – current age]}1.097.

Weekly energy changes in body reserves were calcu-
lated using change in BW each week of the trial. To 
reduce noise in the data for BW loss or gain each week, 
a 3-point smoothing method was used. Using tables in 
NRC (2001), energy values for BW change (Mcal/kg) 
were multiplied by BW gain or loss (kg) to yield weekly 
energy changes from body reserves. Positive changes 
indicated animals were storing energy; negative num-
bers indicated energy supplied from body reserves. To 
address differences in body reserve composition and 
energy supplied by each BW loss, BCS of the cow each 
week was considered and used for calculations of energy 
reserve changes weekly (NRC, 2001).

Estimates of ME and MP supply and balance were 
estimated using the NRC (2001) model (Table 3). De-
fault nutrient values were used for grain mix ingredi-
ents, whereas monthly composites analyzed by Dairy 
One were used to adjust default values for alfalfa silage, 
alfalfa hay, corn silage, cottonseed, and wheat straw. 
Means for DMI, BW, BCS, milk yield, and milk com-
ponents were used for inputs into the model.

Statistical Analyses

Before statistical analysis, daily measurements for 
DMI and milk yield were condensed to weekly means. 
To avoid problems with fitting covariance structure, 
pre- and postpartum data and data from the day of par-
turition were analyzed separately. Data were analyzed 
as a randomized design using the MIXED procedure of 
SAS (SAS Institute Inc., Cary, NC) with the following 
model:

yijkl = μ + Wi + Pj + WPij + Tk + WTik  

+ PTjk + WPTijk + C(ijk)l,

where yijkl = an observation from the ith week relative 
to calving, jth parity, kth treatment, and lth cow; μ = 
the grand mean; Wi = effect of the ith week; Pj = effect 
of the jth parity; WPij = effect of the week by parity 
interaction; Tk = effect of the kth treatment; WTik = 
effect of the week by treatment interaction; PTjk = ef-
fect of the parity by treatment interaction; WPTijk = 
effect of the week by parity by treatment interaction; 
and C(ijk)l = random experimental error from the lth 
cow nested within the ith week, jth parity, and kth 
treatment.

The REPEATED statement was used for variables 
measured over time (BW, BCS, DMI, milk yield, and 
milk components). For data from the day of parturition 
and variables not measured over time (BW change and 
BCS change), the MIXED procedure of SAS was used 
without the REPEATED statement, and week relative 
to calving and all associated interactions were removed 
from the model. The random error term used for all 
mixed models was cow within parity and treatment and 
the covariance structure yielding the lowest Akaike’s 
information criterion was used (Littell et al., 1998). 
Using this methodology, an autoregressive covariance 
structure was the best fit for all data in this experi-
ment. Degrees of freedom were estimated by using the 
Satterthwaite option in the model statement. When 
significant interactions with treatment occurred, linear 
contrast statements were constructed to explore them. 
Significance was declared when P < 0.05, and tenden-
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cies or trends in all data were declared at 0.05 < P ≤ 
0.10.

RESULTS AND DISCUSSION

At dry-off, there were no differences (P > 0.13) 
among dietary treatment groups for parity (1.7 ± 0.9), 
previous lactation 305-d mature-equivalent milk yield 
(11,752 ± 1,297 kg), fat yield (475 ± 60 kg), or BCS 
(3.01 ± 0.08) for multiparous cows. In the multiparous 
cow group, 305-d mature-equivalent protein yield (358 
± 41 kg) was numerically lower for CON and RES cows 
than for OVR cows (P = 0.11). For primiparous cows, 
no pretreatment differences were observed (P > 0.43) 
among dietary treatment groups for predicted age at 
first calving (25.9 ± 2.2 mo), PTA for milk yield (92 ± 
248 kg), fat yield (3 ± 6 kg), and protein yield (2 ± 6 
kg), or BCS (3.57 ± 0.08). Multiparous cows consumed 
far-off diets for 42 ± 0.5 d and close-up diets for 24 ± 
4.9 d before parturition. Primiparous cows consumed 
prepartum diets for 40 ± 4.8 d. One multiparous cow 

in the OVR group developed toxic mastitis in wk 4 of 
lactation and was killed; therefore, this group had n = 7 
for wk 5 to 8 of lactation. For all other levels of dietary 
treatment group by parity, n = 8 during lactation.

In the discussion of results, we recognize that mul-
tiparous cows were fed diets for a longer period prepar-
tum compared with primiparous cows. Therefore, we 
acknowledge that our discussion of parity differences 
includes the possibility that some observed differences 
may have resulted at least in part from the duration 
that experimental diets were fed. This fact cannot be 
entirely separated from the expected biological differ-
ences between primiparous and multiparous cows with 
regard to DMI, BW, and milk production. Despite this 
point, it is invaluable to gain insight on how prepartum 
dietary management of mixed groups of primiparous 
and multiparous cows might be affected in a practical 
production setting. Therefore, for prepartum data, dry-
off data points for multiparous cows are provided as a 
point of reference and statistical comparisons between 
parities were made for matching periods only.
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Table 3. National Research Council (2001) model inputs and estimates used to predict NEL, ME, and MP supply and balance for prepartum 
diets and lactation diet fed to multiparous and primiparous Holstein cows 

Variable

Far-off1 Close-up2 Lactation

Multiparous Primiparous Multiparous Multiparous Primiparous

CON3 OVR4 RES5 CON OVR RES CON OVR RES All cows6 All cows

Inputs            
 DMI, kg/d 13.2 16.8 7.0 8.5 10.7 7.6 12.8 13.1 7.3 20.7 16.2
 BW, kg 693 749 672 602 635 633 715 791 698 637 555
 BCS 3.1 3.3 2.7 3.6 3.6 3.7 3.0 3.4 2.7 2.5 2.8
 Day of gestation 227 227 227 252 252 252 260 260 260 — —
 DIM — — — — — — — — — 30 30
 Milk, kg/d — — — — — — — — — 34.8 26.8
 Fat, % — — — — — — — — — 3.79 4.03
 Protein, % — — — — — — — — — 2.82 2.82
 Lactose, % — — — — — — — — — 4.70 4.92
Estimates            
 NEL, Mcal/kg of DM 1.37 1.61 1.69 1.32 1.59 1.59 1.36 1.61 1.64 1.63 1.66
 ME, Mcal/kg of DM 2.20 2.55 2.66 2.14 2.52 2.52 2.19 2.53 2.58 2.56 2.61
 ME supply, Mcal/d 18.1 27.0 11.8 18.1 26.9 19.2 17.5 21.1 12.0 33.7 26.9
 ME balance, Mcal/d 4.6 12.8 −1.6 −4.0 5.2 −2.5 3.6 6.1 −2.0 −1.0 −2.0
 MP, g/kg of DM 91 93 91 89 92 91 91 91 89 107 107
 MP supply, g/d 1,206 1,568 637 755 988 695 1,169 1,197 653 1,221 1,734
 MP balance, g/d 412 661 22 89 258 59 318 326 −40 14 7

1Far-off diets were fed to primiparous heifers from −42 d relative to expected parturition to parturition. Far-off diets were fed to multiparous 
cows from −65 d to −22 d relative to expected parturition.
2Close up diets were fed from −21 d relative to expected parturition to parturition to multiparous cows only.
3CON = controlled energy intake prepartum. This diet was fed for ad libitum intake to control NEL intake to 100% of the NRC (2001) recom-
mendation for NEL for mature dry cows.
4OVR = cows overfed energy prepartum. This diet was fed for ad libitum intake to achieve an NEL intake in excess (~150%) of the NRC (2001) 
recommendation for NEL for mature dry cows.
5RES = restricted energy intake prepartum. The OVR diet was fed at restricted intake to achieve an NEL intake of 80% of the NRC (2001) 
recommendation for NEL for mature dry cows.
6One lactation diet was fed to all cows at parturition. These inputs and estimates do not consider the long-stemmed alfalfa hay that was top-
dressed (~2.3 kg/d) onto the diet from parturition through 10 DIM.



Dietary Characteristics

Addition of water to the far-off or close-up CON di-
ets was effective in equalizing DM content among diets, 
adjusting the DM percentage to <1.0% difference (P > 
0.27) compared with the OVR diets (Table 1). Inclu-
sion of chopped wheat straw in the CON diets resulted 
in profiles of particle size distribution that differed from 
the OVR diet (Table 1). The lactation diet is also pre-
sented in Table 1 for comparison. Retention of particles 
on the top screen of the Penn State box was greater 
(P < 0.001) for the CON diet than for the OVR diet, 
whereas more (P < 0.001) of the particles were retained 
on the middle and bottom screens for the OVR diet 
compared with CON. When considering effective fiber 
as the sum of percentages of particles retained on the 
top 2 screens, not surprisingly that of the CON diet 
was greater (P < 0.001) than that of the OVR diet.

Because of the expected differences in particle size, 
we determined if there was evidence for sorting by the 
cows between the prepartum diets (Table 2). High 
moisture content of some of the refusal samples (from 
spilled drinking water) did not allow accurate measure-
ment of particle size distribution with the Penn State 
box; therefore, chemical composition of the refusals was 
used. As illustrated by the increase in NDF and ADF 
content in feed refusals compared with feed offered 
(Table 2), some sorting occurred on all diets, but per-
haps to a greater degree for the CON diets compared 
with others. Because of the small number of refusal 
samples obtained for some diets and the inability to 
coordinate enough refusal samples with monthly feed 
sample composites to be meaningful, statistical com-
parisons were not made among diets. Standard errors 
associated with measures of nutrient composition of the 
refusals indicated variability associated with individual 
cow preference to sort the TMR as noted by others 
(Leonardi et al., 2005; Leonardi and Armentano, 2007). 
For the CON diet, CP tended to decrease in feed refus-
als compared with the feed offered, whereas calculated 
TDN and NEL contents tended to increase compared 
with either the OVR or the lactation diets. It is not 
clear how cows could have sorted protein components 
from energy components more easily on the CON diet 
than on the OVR or lactation diets. Perhaps a greater 
inclusion of corn silage and the addition of more urea to 
the CON diets compared with the other diets may have 
contributed to this result.

Supplies of ME and MP predicted by the NRC (2001) 
model are summarized in Table 3. As designed, the ME 
supply for multiparous cows met requirements for CON, 
exceeded requirements for OVR cows, and was deficient 
for RES cows. Intake of the CON diet by primiparous 
cows before the experiment began was predicted by the 

NRC (2001) model to be 1.5 kg greater than actually 
observed. Therefore, as a result of calculations in the 
model for energy for growth and lower DMI during the 
experiment, ME supply was deficient for primiparous 
cows fed CON in addition to RES cows. With the ex-
ception of multiparous cows fed the close-up RES diet, 
MP supply and balance were adequate and positive for 
the feeding periods. Supply of vitamins and minerals 
was also generally adequate among the diets fed, as 
predicted by NRC model. Because MP was predicted 
to be adequate for all diets yet supplied at different 
levels among diets, it is not plausible to make inferences 
about effects of prepartum protein supply on response 
variables in this trial. Therefore, with regard to nutrient 
supply, differences in response variables among prepar-
tum diets can be assumed to be attributable primarily 
to prepartum energy supply.

DMI

As designed, cows assigned to RES diets prepartum 
had lower DMI as a percentage of BW than either OVR 
or CON cows (Figure 1; P < 0.0001). The DMI for both 
primiparous and multiparous cows in the OVR group 
declined in the 3 wk preceding parturition. In com-
parison, cows in the CON and RES groups maintained 
prepartum intake at 1.6 and 1.1% of BW, respectively. 
Modeling prepartum DMI data to predict changes be-
fore and after parturition has revealed that multiparous 
cows are expected to decrease DMI to a greater degree 
than primiparous cows (Grummer et al., 2004), as was 
the case in the present study. Formulating diets with 
wheat straw to increase concentration of NDF has been 
used successfully to combat large decreases in DMI 
prepartum in other studies (Minor et al., 1998; Beever, 
2006; Dann et al., 2006), a strategy that also worked for 
CON cows in our study.

Type of NDF may influence the success of limiting 
DMI. VandeHaar et al. (1999) used cottonseed hulls 
to increase NDF in the diet, which did not prevent 
multiparous cows from over consuming energy and ex-
periencing large changes before parturition; however, 
primiparous cows had a smaller change in DMI imme-
diately prepartum. Holcomb et al. (2001) were able to 
prevent large changes in DMI prepartum by restricting 
the amount of DM fed using diets containing bermuda-
grass hay and formulated to contain 44% or 39% NDF. 
Unfortunately, energy concentration in those diets was 
not reported, and thus, it is difficult to determine how 
these changes may have interacted with plane of energy 
intake prepartum. More research is needed with regard 
to determining the optimal fiber type that can be used 
as a TMR component to control intake due to the be-
havior of the fiber in the rumen.
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During the first 3 wk postpartum, OVR cows tended 
(P = 0.08) to consume less DM as a percentage of BW 
than RES cows, which was largely a result of differenc-
es in the multiparous group (P = 0.07). Interestingly, 
within the OVR group, DMI as a percentage of BW 
during the first 3 wk postpartum did not differ between 
parity groups (P = 0.33). Because of this, DMI (kg/d) 
for multiparous cows in the OVR group was similar to 
that of primiparous cows (Table 4). Therefore, expected 
parity differences did not exist for this period as they did 
for CON and RES, when multiparous cows had greater 
intake than primiparous cows. Prepartum diet did not 
have a significant effect on DMI as a percentage of BW 
over the 8 wk of lactation. No dietary effects on DMI 
(kg/d) postpartum were observed during either period 
(Table 4; P ≥ 0.42). Large changes in DMI prepartum 
have been related to lower DMI postpartum (Grummer 
et al., 2004; Drackley et al., 2005); however, preventing 
a decrease in DMI prepartum by force-feeding refus-
als through a rumen cannula failed to confer a DMI 
advantage over control cows postpartum (Bertics et al., 
1992).

In an earlier study, DMI as a percentage of BW tend-
ed to be lower during the first 10 DIM for cows overfed 
energy in the far-off dry period compared with cows 

limited to approximately 100% of their requirement or 
restricted to 80% of requirement prepartum (Dann et 
al., 2006). A similar effect was observed on DMI (kg/d) 
by Douglas et al. (2006). Guo et al. (2007) reported no 
postpartum differences in DMI for cows fed a transition 
diet (1.71 Mcal/kg) around parturition compared with 
control cows fed a moderate energy (1.54 Mcal/kg) diet 
for 4 wk prepartum. Similarly, prepartum plane of en-
ergy intake did not affect postpartum DMI for primipa-
rous and multiparous cows (Rabelo et al., 2003). Keep-
ing cows at a constant plane of intake prepartum, but 
restricting DM fed prepartum to change energy intake 
also failed to affect DMI postpartum, although cows fed 
below their energy requirement prepartum had a faster 
increase in DMI postpartum (Agenäs et al., 2003). To-
gether, these results still leave unanswered questions 
about how prepartum diet formulation interacts with 
energy intake prepartum and ultimately affects post-
partum DMI; however, most data indicate that avoid-
ing large decreases in DMI prepartum is desirable.

BCS and BW

Pretrial BCS was not different among dietary treat-
ment groups (Table 4; P = 0.41), but was greater for 
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Figure 1. Least squares means for DMI as a percentage of BW for multiparous (MultiP) and primiparous (PrimiP) Holsteins fed different 
diets prepartum. Pooled standard error bars are shown. Prepartum diet abbreviations: CON = controlled energy intake prepartum, fed for ad 
libitum intake to control NEL intake to 100% of the NRC (2001) recommendation for NEL for mature dry cows; OVR = cows overfed energy 
prepartum, diet fed for ad libitum intake to achieve an NEL intake in excess (~150%) of the NRC (2001) recommendation for NEL for mature 
dry cows; RES = restricted energy intake prepartum, OVR diet fed at restricted intake to 80% of the NRC (2001) recommendation for NEL for 
mature dry cows. Multiparous cows were fed prepartum diets from dry off through parturition (~65 d), and primiparous cows were fed prepar-
tum diets from 35 d before expected parturition through parturition. Week −9 for multiparous cows corresponds to means for the first week 
dietary treatments were fed to multiparous cows. At parturition, all cows were fed the same lactation diet. Prepartum: parity, P < 0.06; diet, 
P < 0.0001; week, P < 0.0001; parity × diet, P = 0.01; parity × week, P = 0.08; diet × week, P < 0.0001; parity × diet × week, P > 0.60. 
Postpartum: parity, P < 0.002; diet, P = 0.28; week, P < 0.0001; 2- and 3-way interactions of main effects, P > 0.50.



primiparous cows than for multiparous cows (P < 
0.001). Likewise, BW was not different among groups 
before dietary treatments began (Table 4; P = 0.42) but 
multiparous cows had a greater (P < 0.001) initial BW 
than did primiparous cows, as expected. These pretrial 
differences observed between parity groups but not 
among treatment groups resulted in a covariate that 
was significant in the statistical model. Graphical pre-
sentation of data using covariate adjustment, however, 
masked important biological differences between the 2 
parities that are important for interpretation. There-
fore, the data are presented in Table 4 and Figure 2 as 
least squares means unadjusted for pretrial values.

The BCS of multiparous cow groups was affected (P 
= 0.01) by dietary treatment from dry-off through wk 
−6 relative to parturition (Figure 2A). This effect was 
driven by differences between OVR and RES cows (3.30 
and 2.70; P = 0.03). No differences among treatment 
groups were observed in BW from dry-off through wk 
−6 in multiparous cows (Figure 2B; P > 0.25).

An interaction between parity and diet affected BCS 
in the 5 wk preceding parturition (Figure 2A; P = 
0.003). This interaction resulted from the difference in 
response to the RES diet between parities (parity × diet, 
P = 0.0002), where primiparous RES cows appeared to 
gain BCS during the first 2 wk of dietary treatment, 
but multiparous RES cows tended to maintain BCS. 
Both primiparous and multiparous cows gained BW as 
parturition approached (Figure 2B; week, P < 0.0001) 

as would be expected with increased fetal growth dur-
ing late pregnancy.

Prepartum diet affected change in BCS before par-
turition (Table 4; P = 0.02). Overall change in BCS 
prepartum was greatest for multiparous cows in the 
OVR group, which gained almost one-third of a BCS 
unit, whereas CON and RES cows had a small loss in 
BCS prepartum. Likely because of the shorter feeding 
period, smaller changes were observed in BCS for prim-
iparous cows prepartum. It can be difficult to change 
BCS prepartum as there is a strong relationship be-
tween BCS at dry-off and BCS at parturition (Friggens 
et al., 2004). In some studies, however, overfeeding en-
ergy to cows prepartum has resulted in increased BCS 
during the dry period compared with either controlling 
energy intake or restricting energy intake (Boisclair 
et al., 1986; Agenäs et al., 2003; Dann et al., 2006; 
Douglas et al., 2006). VandeHaar et al. (1999) observed 
that primiparous and multiparous cows fed prepartum 
diets formulated to meet requirements for energy (1.30 
Mcal/kg of DM) gained less BCS than cows fed diets 
formulated to contain 1.61 Mcal/kg of NEL when diets 
were fed for 25 d before expected parturition. Other 
studies reported no significant change in BCS as a 
result of overfeeding energy prepartum (Grum et al., 
1996; Mashek and Beede, 2001; Dann et al., 2005; Guo 
et al., 2007). Length of feeding period varied in these 
studies from 4 to 10 wk prepartum, and different strate-
gies were employed to control energy intake, including 
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Table 4. Least squares means for DMI postpartum, median BCS, and BW changes for multiparous and primiparous Holstein cows fed different 
diets prepartum 

Variable

Multiparous Primiparous

SEM

P-value

CON1 OVR2 RES3 CON OVR RES Parity Diet Interaction

DMI, kg/d           
 Wk 1 to 3 17.4 16.7 18.0 12.5 11.9 13.4 1.25 <0.001 0.49 0.99
 Wk 1 to 8 19.6 20.2 20.9 15.7 14.9 16.4 0.96 <0.001 0.42 0.94
BCS, 5-point scale           
 Initial BCS 3.21 3.02 2.81 3.58 3.50 3.62 0.143 <0.001 0.41 0.25
 Dry period change4 −0.19a 0.29b −0.14a −0.09a 0.04b 0.03a 0.095 0.96 0.02 0.11
 Lactation change5 −0.46ab −0.78a −0.22b −0.72ab −0.63a −0.66b 0.111 0.02 0.02 0.01
BW, kg           
 Initial BW 682 711 688 569 592 613 23.7 <0.001 0.42 0.59
 Dry period change 35a 81b 18a 49a 60b 39a 10.3 0.57 <0.01 0.09
 Lactation change −43a −88b −20a −3a −25b −23a 13.9 <0.01 0.02 0.04

a,bMain effects of diet in the same row with different superscripts differ (P ≤ 0.05).
1CON = controlled energy intake prepartum. This diet was fed for ad libitum intake to control NEL intake to 100% of the NRC (2001) recom-
mendation for NEL for mature dry cows.
2OVR = cows overfed energy prepartum. This diet was fed for ad libitum intake to achieve an NEL intake in excess (~150%) of the NRC (2001) 
recommendation for NEL for mature dry cows.
3RES = restricted energy intake prepartum. The OVR diet was fed at restricted intake to achieve an NEL intake of 80% of the NRC (2001) 
recommendation for NEL for mature dry cows.
4For both BCS and BW, changes were calculated from dry-off through wk −1 relative to parturition for multiparous cows and from wk −5 to 
wk −1 relative to parturition for primiparous cows.
5For both BCS and BW, changes were calculated from wk 1 of lactation through wk 8 of lactation for all cows regardless of parity.



feeding fat, formulating diets to contain more NDF, and 
physical restriction of intake, which may help explain 
differences among studies.

The magnitude of change in BW among dietary 
treatment groups prepartum tended to be different in 

primiparous and multiparous cows (diet × parity, P = 
0.09). Multiparous cows in the OVR group gained the 
most BW prepartum compared with multiparous RES 
or CON cows (P < 0.01), whereas within primiparous 
cows, BW gain was not different among treatments 
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Figure 2. Least squares means of weekly median BCS (5-point scale) and weekly BW for multiparous (MultiP) and primiparous (PrimiP) 
Holsteins fed different diets prepartum. Pooled standard error bars are shown. Prepartum diet abbreviations: CON = controlled energy intake 
prepartum, fed for ad libitum intake to control NEL intake to 100% of the NRC (2001) recommendation for NEL for mature dry cows; OVR = 
cows overfed energy prepartum, diet fed for ad libitum intake to achieve an NEL intake in excess (~150%) of the NRC (2001) recommendation 
for NEL for mature dry cows; RES = restricted energy intake prepartum, OVR diet fed at restricted intake to 80% of the NRC (2001) recom-
mendation for NEL for mature dry cows. Multiparous cows were fed prepartum diets from dry off through parturition (~65 d), and primiparous 
cows were fed prepartum diets from 35 d before expected parturition through parturition. The “dry-off” point indicated on the graph represents 
means for the week before cows consuming their respective prepartum diets. At parturition, all cows were fed the same lactation diet. Panel A: 
Prepartum: parity, P < 0.0001; diet, P = 0.01; week, P = 0.04; parity × diet, P = 0.003; other interactions of main effects, P > 0.29. Postpartum: 
parity, P < 0.0001; diet, P = 0.42; week, P = 0.04; parity × diet, P = 0.004; parity × week, P = 0.03; diet × week, P = 0.01; parity × diet × 
week, P = 0.39. Panel B: Prepartum: parity, P < 0.0001; diet, P = 0.04; week, P < 0.0001; parity × week, P = 0.03; other interactions of main 
effects, P > 0.15. Postpartum: parity, P < 0.0001; diet, P = 0.26; week, P < 0.0001; diet × week, P = 0.08; parity × diet × week, P = 0.08; 
other interactions of main effects, P ≥ 0.11.



(P ≥ 0.15). Overall trends in BW gain prepartum 
were typical of cows approaching parturition. Similar 
to BCS, change in BW was greatest for cows overfed 
energy prepartum in some studies (Vande Haar et al., 
1999; Dann et al., 2006; Douglas et al., 2006), but no 
dietary effects were observed in others (Grum et al., 
1996; Douglas et al., 2004).

Dietary treatments did not affect calf BW (P = 0.90), 
similar to results of others (Rabelo et al., 2003; Dann et 
al., 2005, 2006; Douglas et al., 2006; Guo et al., 2007). 
As expected, calves born to primiparous cows had lower 
BW (P = 0.02) than calves born to multiparous cows. 
Calving difficulty scores did not vary among dietary 
groups (P = 0.21).

All cows lost BCS and BW postpartum (Figure 2). 
An interaction between diet and parity affected BCS 
postpartum (P = 0.004), which resulted from differ-
ences in BCS changes between parities within the OVR 
and RES groups (diet × parity, P = 0.001). This inter-
action can be explained by the fact that multiparous 
OVR cows continued to decrease in BCS through the 
8 wk of lactation studied, whereas BCS for primipa-
rous OVR cows leveled off after wk 4 in lactation (P 
= 0.02). Primiparous RES cows lost more BCS im-
mediately postpartum than did multiparous RES cows 
(P < 0.001). Regardless of dietary treatment group, 
primiparous cows lost approximately two-thirds of a 
BCS unit postpartum (Table 4). Multiparous OVR 
cows lost more BCS than did multiparous CON or RES 
cows, which likely influenced the interaction of parity 
and diet observed postpartum. The slope of BW loss 
postpartum was not affected by prepartum diet (Fig-
ure 2B). Overall BW loss was greatest for multiparous 
OVR cows compared with other diet by parity groups 
(Table 4; diet × parity, P = 0.04). Overall BW change 
for primiparous CON cows was very small compared 
with OVR and RES groups, even though BCS loss was 
similar across these treatment groups.

None of the cow groups was over- or underconditioned 
at parturition according to current recommendations 
(Overton and Waldron, 2004). Primiparous cows carried 
more BCS at parturition; however, at an average BCS 
of 3.35, this was not considered excessive. Magnitude of 
BCS loss postpartum can be associated with several fac-
tors. Cows that have greater BCS at parturition tend to 
lose more BCS postpartum than those in moderate to 
thinner condition (Broster and Broster, 1998). Change 
in BCS is also related to milk and milk fat yield (Broster 
and Broster, 1998; Friggens et al., 2004; Berry et al., 
2007), and cows with higher merit for milk production 
are expected to have larger changes in BCS postpartum 
(Waltner et al., 1993). Multiparous OVR cows in this 
study perhaps had potential for greater milk yield as in-
dicated by mean previous mature-equivalent milk yield 

data that approached significance. This tendency could 
partially explain why these cows had larger changes in 
BCS postpartum.

In other studies where cows were overfed energy pre-
partum, greater BCS loss postpartum was also observed 
compared with cows with controlled or restricted intake 
(Boisclair et al., 1986; Dann et al., 2006) or cows that 
were fed less nutrient-dense diets prepartum (Mashek 
and Beede, 2001). On the other hand, postpartum BW 
change was not affected by prepartum diet in those stud-
ies. Agenäs et al. (2003), Douglas et al. (2004, 2006), 
and Guo et al. (2007) did not observe prepartal dietary 
treatment effects on BCS or BW change postpartum; 
however, numerically larger differences in BCS were ob-
served for cows that were overfed compared with those 
fed near or below their requirement for energy.

Fewer data are available to make parity conclusions. 
In Mashek and Beede (2001), BW were not reported 
and parity effects for BCS were not discussed. Rabelo 
et al. (2003) reported that postpartum BCS and BW 
changes were not affected by parity or interaction with 
prepartum dietary treatment when either a moderate 
or high energy diet was fed for 4 wk before parturition. 
Because diets of different energy concentration (1.57 
or 1.67 Mcal/kg) were fed postpartum by Rabelo et al. 
(2003), it is more difficult to separate prepartum and 
postpartum effects. Primiparous cows in that study fed 
a moderate energy diet prepartum tended to have lower 
BW at 70 d postpartum than those fed a higher energy 
diet prepartum. Multiparous cows lost more BW and 
BCS than primiparous cows in the study by VandeHaar 
et al. (1999); however, energy intake prepartum did not 
affect those changes.

Milk Yield and Composition

Prepartum diet did not affect milk yield for the first 
3 wk postpartum, regardless of parity (Table 5; P = 
0.29); however, over the 8-wk lactation period, cows 
in the OVR group tended (P = 0.10) to produce more 
milk than those in CON and RES groups. This dif-
ference was observed only in the multiparous group 
(Figure 3). Interestingly, although pretrial differences 
in previous mature-equivalent milk yield or components 
were not significant (P ≥ 0.13) for multiparous cows, 
the tendency for differences in milk yield among di-
etary groups was negated (P = 0.27) when milk yields 
were adjusted for previous mature-equivalent yield. In 
another study, restricting energy to 80% of requirement 
prepartum compared with allowing cows to consume 
energy ad libitum prepartum did not significantly af-
fect milk yield over 105 DIM (Douglas et al., 2006). 
Milk yield during the first 10 DIM for cows allowed 
to consume 100% of energy requirements was numeri-
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cally higher compared with restricted feeding or ad 
libitum intake of energy during the far-off dry period, 
regardless of close-up period diet (Dann et al., 2006). 
This numerical tendency (2.5 kg/d more milk per cow) 
persisted over the 8 wk of lactation studied.

Diet affected milk composition during the first 3 wk 
of lactation (Table 5). Cows in the OVR group had 
higher milk fat percentage and yield (kg/d) than did 
CON cows (P ≤ 0.03). The RES cows had lower fat 
yield (P = 0.01) than OVR cows and tended to have 
lower (P = 0.07) percentage milk fat. Lactose as a per-
centage of milk yield was lower for OVR than for CON 
(P = 0.001). These dietary effects did not persist over 

the 8-wk lactation period (Table 5), but composition 
differences contributed to greater 3.5% FCM yield dur-
ing the first 3 wk of lactation for OVR cows than for 
CON or RES cows (Table 5; P = 0.05). Somatic cell 
count and MUN were unaffected by prepartum diet (P 
≥ 0.16).

In other studies, restricted feeding prepartum did not 
significantly affect milk yield in multiparous cows, but 
resulted in lower milk fat percentage compared with ad 
libitum feeding (Holcomb et al., 2001; Dann et al., 2006). 
Prepartum diets with greater NFC content resulted in 
greater milk yield, greater milk fat and protein percent-
ages, and greater protein yield compared with cows fed 

3097PREPARTUM ENERGY FOR PRIMIPAROUS AND MULTIPAROUS COWS

Journal of Dairy Science Vol. 93 No. 7, 2010

Table 5. Least squares means for milk yield, dairy efficiency, and milk composition for multiparous and primiparous Holstein cows fed different 
diets prepartum 

Variable

Multiparous Primiparous

SEM

P-value

CON1 OVR2 RES3 CON OVR RES Parity Diet

Milk yield, kg/d          
 Wk 1 to 3 26.9 35.7 28.1 22.5 23.3 24.0 2.36 <0.001 0.29
 Wk 1 to 8 33.3a 38.9a 31.1b 26.4a 27.7a 27.4b 2.11 <0.001 0.10
3.5% FCM yield,4 kg/d          
 Wk 2 to 3 42.7a 54.8b 39.4a 33.6a 37.4b 36.5a 3.84 0.002 0.05
 Wk 2 to 8 43.6 52.9 42.9 37.3 39.3 38.0 3.06 0.001 0.09
Apparent efficiency5          
 Wk 2 to 3 2.2a 2.9b 1.9a 2.3a 2.8b 2.5a 0.23 0.33 0.01
 Wk 2 to 8 2.2a 2.6b 1.9a 2.2a 2.5b 2.2a 0.13 0.32 0.001
Milk components, wk 2 and 3          
 Fat          
  % 3.50a 4.66b 3.90ab 4.52a 5.27b 4.49ab 0.500 0.04 0.06
  kg/d 1.16a 1.72b 1.13a 1.05a 1.26b 1.13a 0.156 0.12 0.02
 Protein          
  % 3.09 3.02 3.32 3.13 3.00 2.91 0.137 0.22 0.66
  kg/d 1.04 1.13 0.95 0.74 0.72 0.74 0.083 <0.001 0.58
 Lactose          
  % 4.72a 4.43b 4.60ab 4.84a 4.72b 4.79ab 0.079 0.002 0.03
  kg/d 1.59 1.66 1.41 1.15 1.13 1.22 0.124 <0.001 0.78
 SCC, × 1,000 535 1,218 247 219 250 383 245.6 0.05 0.16
 Urea N, mg/dL 15.8 16.7 15.2 15.9 16.9 18.0 1.77 0.44 0.83
Milk components, first 8 wk          
 Fat          
  % 3.53 3.82 4.02 4.08 4.17 3.87 0.207 0.13 0.59
  kg/d 1.19a 1.50b 1.26ab 1.10a 1.17b 1.10ab 0.094 0.02 0.11
 Protein          
  % 2.77 2.75 2.93 2.86 2.80 2.82 0.085 0.91 0.48
  kg/d 0.95 1.10 0.91 0.80 0.79 0.80 0.069 0.001 0.29
 Lactose          
  % 4.78a 4.57b 4.74ab 4.96a 4.90b 4.90ab 0.065 <0.001 0.11
  kg/d 1.63 1.84 1.52 1.35 1.40 1.39 0.110 0.002 0.27
 SCC, × 1,000 598 1,132 502 299 135 227 205.8 0.002 0.38
 Urea N, mg/dL 16.0 16.0 14.9 16.1 15.3 16.4 0.98 0.71 0.91

a,bMain effects of diet in the same row with different superscripts differ (P ≤ 0.05).
1CON = controlled energy intake prepartum. This diet was fed for ad libitum intake to control NEL intake to 100% of the NRC (2001) recom-
mendation for NEL for mature dry cows.
2OVR = cows overfed energy prepartum. This diet was fed for ad libitum intake to achieve an NEL intake in excess (~150%) of the NRC (2001) 
recommendation for NEL for mature dry cows.
3RES = restricted energy intake prepartum. The OVR diet was fed at restricted intake to achieve an NEL intake of 80% of the NRC (2001) 
recommendation for NEL for mature dry cows.
4Fat-corrected milk = 0.4324 × (milk yield) + 16.2162 × (fat yield). Milk components were not sampled until cows were ≥10 DIM; therefore, 
FCM was not calculated for the first week.
5Defined as 3.5% FCM (kg) divided by DMI (kg).



a standard dietary NFC level (Minor et al., 1998). On 
the other hand, energy-corrected milk yield from cows 
that were restricted to 75% of energy requirements 
prepartum was numerically higher than for those fed 
at or above (127%) requirement prepartum, although 
the authors reported no significant diet or time by diet 
effects (Agenäs et al., 2003). Others found no effect of 
prepartum energy intake on milk yield or components 
(Boisclair et al., 1986; Rabelo et al., 2003; Guo et al., 
2007). In a study that used both primiparous and mul-
tiparous cows, Rabelo et al. (2003) found that feeding 
moderate energy diets to primiparous cows prepartum 
resulted in greater milk fat percentage and yield as well 
as greater yield of 3.5% FCM compared with those 
fed higher energy prepartum. Body condition score at 
parturition for cows in the present study and in Rabelo 
et al. (2003) were similar (approximately 3.50), and 
cows mobilized similar amounts of BCS postpartum. 
In contrast to our results, therefore, energy density of 
postpartum diets may have contributed to differences 
observed in milk yield or components in Rabelo et al. 
(2003).

Efficiency calculations have been used as a measure of 
how economically DM is converted to energy-corrected 
milk (Hutjens, 2005). These calculations can also be 
used to evaluate how much mobilization from body 
reserves occurs in support of lactation. As summarized 

in Table 5, cows in all groups in this study had milk 
efficiency calculations of >1.9. This value, combined 
with high milk fat values (Table 5), is highly indicative 
of extensive mobilization of adipose lipid reserves, a 
phenomenon linked to unfavorable health and meta-
bolic status postpartum (Gearhart et al., 1990; Bobe 
et al., 2004). Although these efficiency data may not 
be entirely atypical for cows in early lactation, it is 
remarkable that the apparent efficiency for the OVR 
group was double that for the RES group within mul-
tiparous cows. Primiparous cows had greater BCS at 
the beginning of the study and had similar DMI and 
FCM yield among treatments as discussed. This may 
explain why dairy efficiency calculations were more 
consistent among treatments in primiparous groups.

Energy Balance

As designed, cows in the OVR groups were in more 
positive NEL balance as a percentage of requirements 
prepartum compared with the CON or RES groups 
(Figure 4A; P < 0.01). Because RE requirements for 
growth were included for the primiparous cow calcula-
tions, calculated balance was much lower than for mul-
tiparous cows within both the OVR and CON groups. 
This fact, combined with DMI for primiparous cows 
that were lower than predicted before the experiment 

Journal of Dairy Science Vol. 93 No. 7, 2010

JANOVICK AND DRACKLEY3098

Figure 3. Least squares means of weekly milk yield for multiparous (MultiP) and primiparous (PrimiP) Holsteins fed different diets prepar-
tum. Pooled standard error bars are shown. Prepartum diet abbreviations: CON = controlled energy intake prepartum, fed for ad libitum intake 
to control NEL intake to 100% of the NRC (2001) recommendation for NEL for mature dry cows; OVR = cows overfed energy prepartum, diet 
fed for ad libitum intake to achieve an NEL intake in excess (~150%) of the NRC (2001) recommendation for NEL for mature dry cows; RES = 
restricted energy intake prepartum, OVR diet fed at restricted intake to 80% of the NRC (2001) recommendation for NEL for mature dry cows. 
Wk 1 to 3: parity, P < 0.0001; diet, P = 0.29; week, P < 0.0001; parity × week, P = 0.004; other interactions of main effects, P > 0.19. Wk 1 
to 8: parity P < 0.0001; diet, P = 0.10; week, P < 0.0001, parity × week, P = 0.02; other interactions of main effects, P > 0.18.



resulted in the primiparous CON group consuming 
only 65% of their calculated energy requirement and 
OVR cows consuming 107% of the energy requirement. 
Removal of RE requirements from calculations showed 
that primiparous cows achieved 82% and 123% of the 
energy requirement for late gestation in CON and OVR 
groups, respectively, which was still lower than tar-
geted. Multiparous CON cows consumed 112% of their 
energy requirement in the 5 wk preceding parturition 
and OVR cows consumed 167% of their requirement 
prepartum. In both parity groups, targeted values for 
energy consumption as a percentage of requirements 
were achieved in the RES group and were 80% for mul-
tiparous cows and 76% for primiparous cows.

Regardless of parity, cows in the OVR group had a 
marked change in energy balance during the 3 wk pre-
ceding parturition. This change was especially notable 
for the multiparous group, falling from 160% of require-
ments in wk −3 relative to parturition to less than 72% 
during the first week of lactation. Even though the 
magnitude of change was not as large for primiparous 
cows in the OVR group (117 to 70%), the change was 
drastic compared with either parity in the CON or RES 
groups, which had very little change in energy balance 
prepartum. Dietary effects persisted postpartum (diet, 
P = 0.002), with cows in the OVR group tending to 
take longer to approach positive energy balance than 
either CON or RES cows (diet × week, P = 0.07). 
Perhaps mostly as a result of lower DMI, primiparous 
cows were in more negative energy balance postpartum 
than were multiparous cows (P = 0.008). A combina-
tion of greater DMI postpartum and lower FCM yield 
most likely contributed to more positive energy balance 
for multiparous cows in the RES group compared with 
other groups (diet × week, P < 0.03).

Overfeeding energy to cows in the dry period has 
yielded similar results in other studies. Cows overfed in 
the far-off dry period were in more negative energy bal-
ance during the first 10 DIM, although over the 8-wk 
lactation period these effects had disappeared (Dann et 
al., 2006). On the other hand, overfeeding cows during 
the far-off period followed by restricting intake to 80% 
of energy requirements in the close-up period resulted 
in a trend for this group to be in more negative energy 
balance over the 8 wk of lactation compared with other 
treatment combinations. Similarly, cows overfed energy 
prepartum took much longer to reach positive energy 
balance postpartum and had a larger energy balance 
deficit during the first 4 wk or 8 wk of lactation (Agenäs 
et al., 2003). Cows fed a higher energy transition diet 
prepartum were in greater negative energy balance for 
the first 14 d postpartum compared with control cows 
(Guo et al., 2007). In contrast, VandeHaar et al. (1999) 
and Rabelo et al. (2003) did not observe an effect of 

prepartum energy intake on postpartum energy balance 
over the first 70 DIM.

Calculated energy change from body reserves was 
used to further estimate energy status (Figure 4B), 
with negative numbers indicating mobilization of body 
tissue reserves. As might be expected by dietary treat-
ment assignments, multiparous cows in the RES and 
CON groups had less retention of body energy prepar-
tum compared with their OVR counterparts (diet × 
week, P = 0.003). Not surprisingly, the largest change 
in body reserve energy was observed between the week 
before and week after parturition, regardless of parity. 
During the first 3 wk of lactation, the nadir for change 
in energy from body reserves was observed in wk 1 after 
parturition (week, P < 0.0001). Multiparous cows in 
the OVR group had greater contribution of energy from 
body reserves postpartum than did primiparous cows 
in the OVR group (P = 0.02). Primiparous cows in the 
CON group had much less mobilization of body energy 
stores compared with multiparous cows in the same 
group (P = 0.04). Within the RES group, multiparous 
and primiparous cows had similar contribution of en-
ergy from body reserves postpartum (P = 0.45).

Previous research has indicated that most of the 
body energy changes in early lactation are associ-
ated with adipose tissue mobilization (Andrew et al., 
1994). Furthermore, the change in body energy (Mcal/
kg of BW) is smallest during the dry period and larg-
est during early lactation. In these experiments, as 
empty body energy increased, the amount of energy 
from protein remained stable, whereas the contribution 
from fat increased linearly with body energy. Based on 
these known results, it is reasonable to assume that 
the largest source of body energy mobilization came 
from adipose stores in the present study. Gut fill is 
a confounding factor when calculating energy balance 
or change in energy reserves in early lactation. During 
the first 60 d of lactation, gut fill has been reported to 
be greatest in early lactation compared with the dry 
period or late lactation (Andrew et al., 1995). This may 
help to explain why both net energy balance and energy 
changes from body reserves approached positive values 
as early as 4 wk postpartum in our study.

General Discussion

The optimal prepartum dietary management strat-
egy with regard to control of DM and energy intakes 
has remained controversial. Studies from our laboratory 
(Grum et al., 1996; Dann et al., 2006; Douglas et al., 
2006) and others (Rukkwamsuk et al., 1998, 1999) have 
indicated that overconsumption of energy prepartum is 
detrimental to cow health and liver function postpar-
tum, whereas other studies have provided evidence that 
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supplementing extra energy to cows during the close-up 
period is beneficial for transition success (Dann et al., 
1999; VandeHaar et al., 1999; Rabelo et al., 2005). Large 
changes in energy balance or DMI around parturition 

have been linked to lower DMI and milk yield postpar-
tum (Grummer et al., 2004; Drackley et al., 2005). The 
more stable DMI throughout the dry period in cows fed 
the CON diet may be an advantage in that regard.
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Figure 4. Least squares means of energy balance as a percentage of calculated requirements and weekly energy changes from body reserves 
in multiparous (MultiP) and primiparous (PrimiP) Holsteins fed different diets prepartum. Pooled standard error bars are shown. Prepartum 
diet abbreviations: CON = controlled energy intake prepartum, fed for ad libitum intake to control NEL intake to 100% of the NRC (2001) 
recommendation for NEL for mature dry cows; OVR = cows overfed energy prepartum, diet fed for ad libitum intake to achieve an NEL intake 
in excess (~150%) of the NRC (2001) recommendation for NEL for mature dry cows; RES = restricted energy intake prepartum, OVR diet fed 
at restricted intake to 80% of the NRC (2001) recommendation for NEL for mature dry cows. Multiparous cows were fed prepartum diets from 
dry off through parturition (~65 d), and primiparous cows were fed prepartum diets from 35 d before expected parturition through parturition. 
Panel A: Week −9 for multiparous cows corresponds to means for the first week dietary treatments were fed to multiparous cows. Based on age 
and BW prepartum, 2.69 Mcal of NEL/d for growth was considered in prepartum energy balance calculations for primiparous cows. At parturi-
tion, all cows were fed the same lactation diet. Prepartum: parity, diet, and week, P < 0.0001; parity × diet, P = 0.007; parity × week, P = 
0.01; diet × week, P < 0.0001; parity × diet × week, P = 0.22. Postpartum: parity, P = 0.008; diet, P = 0.002; week, P < 0.0001; diet × week, 
P = 0.09; other 2- and 3-way interactions of main effects, P ≥ 0.49. Panel B: Prepartum: parity, P = 0.003; diet, P = 0.20; week, P < 0.0001; 
diet × week, P = 0.03; other 2- and 3-way interactions, P = 0.55. Postpartum, wk 1 to 3: week, P < 0.0001; other main effects and 2- and 3-way 
interactions of main effects, P > 0.12. Postpartum, wk 1 to 8: parity, P = 0.05; diet, P = 0.05; week, P < 0.0001; parity × diet, P = 0.05; other 
2- and 3-way interactions of main effects, P ≥ 0.62.



Previous research in our group indicated that regard-
less of close-up period energy intake, controlling or re-
stricting energy intake during the far-off dry period had 
positive effects on transition period performance and 
health compared with cows allowed to overconsume 
energy by up to 150% of recommendations (Dann et 
al., 2006). Because of limitations on the total number 
of cows that could be used in that study, it was not 
possible to include a group of cows that were limited 
to approximately 100% of energy requirements over the 
entire dry period. The present study provides evidence 
that such a diet prevents large changes in energy bal-
ance and mobilization of body reserves during the peri-
parturient period. It will be important now to compare 
the effects of a diet similar to CON fed throughout the 
dry period with the conventional far-off and close-up 
strategy such as that used by Dann et al. (2006).

The addition of chopped wheat straw to prepartum 
diets was an effective way to control energy intake 
prepartum and to minimize changes in DMI during 
the last several days before parturition in multiparous 
cows. Primiparous cows did not achieve predicted DMI 
prepartum, and therefore did not consume targeted 
energy intakes. Even so, changes in DMI and change 
in energy balance were important in influencing post-
partum DMI. Furthermore, our evidence indicates that 
change in energy balance during the periparturient pe-
riod might influence how much and how rapidly body 
stores are lost postpartum, especially for multiparous 
cows. Postpartum responses to controlling energy intake 
prepartum by using a bulky diet were much like those 
seen when physically restricting the amount of feed fed, 
regardless of parity. It will now be useful to elucidate 
the effects of prepartum energy intake versus type of 
prepartum diet fed to determine which has stronger 
effects, if any, on postpartum variables between parity 
groups.

Restricting energy intake for 5 wk prepartum was not 
detrimental to lactation in primiparous cows that were 
in good body condition at calving, as these cows per-
formed as well as primiparous cows allowed to consume 
energy ad libitum. More research with primiparous 
cows with lower BCS would be needed to determine if 
this conclusion is generally applicable. If the goal is to 
minimize change in DMI prepartum and BW and BCS 
change postpartum, however, controlling energy intake 
prepartum was successful.

Cows did not become obese from overfeeding energy 
prepartum. Even so, metabolite and health data for 
these cows (Janovick, 2008) further support the conclu-
sion that maintaining BCS prepartum and minimizing 
changes in DMI and energy balance in the periparturi-
ent period is a more favorable strategy than adding 
BCS during the dry period. As a result of larger changes 

in BCS postpartum, cows overfed energy prepartum 
had greater NEFA and BHBA in plasma postpartum, 
greater total lipid and triacylglycerol accumulation in 
liver, and greater incidence of ketosis (Janovick, 2008).

CONCLUSIONS

Overfeeding energy prepartum resulted in large 
changes in periparturient energy balance. Even in 
the absence of overconditioning, the large change in 
DMI and energy balance prepartum resulted in lower 
postpartum DMI and greater BCS loss, especially for 
multiparous cows. Addition of chopped wheat straw 
was effective at controlling energy intake prepartum, 
although primiparous cows did not achieve predicted 
DMI. The CON diets prevented a large decrease in DMI 
prepartum in both primiparous and multiparous cows. 
As a result of greater mobilization of body stores, OVR 
cows had greater milk fat percentage and greater 3.5% 
FCM during the first 3 wk postpartum. Controlling or 
restricting energy intake in primiparous cows was not 
detrimental to lactational performance over the first 8 
wk of lactation. Although prepartum diet effects did 
not carry over through the entire 8-wk lactation period, 
controlling energy intake prepartum may help ease the 
transition to lactation.
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