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ABSTRACT

Dry period (DP) length affects energy metabolism
around calving in dairy cows as well as milk produc-
tion in the subsequent lactation. The aim of the study
was to investigate milk production, body condition,
metabolic adaptation, and hepatic gene expression of
gluconeogenic enzymes in Holstein cows (>10,000 kg
milk/305 d) with 28- (n = 18), 56- (n = 18), and 90-d
DP (n = 22) length (treatment groups) in a commercial
farm. Cows were fed total mixed rations ad libitum
adjusted for far-off (not for 28-d DP) and close-up DP
and lactation. Milk yield was recorded daily and body
condition score (BCS), back fat thickness (BFT), and
body weight (BW) were determined at dry off, 1 wk
before expected and after calving, and on wk 2, 4, and
8 postpartum (pp). Blood samples were taken on d
—56, —28, =7, 1, 7, 14, 28, and 56 relative to calving
to measure plasma concentrations of metabolites and
hormones. Liver biopsies (n = 11 per treatment) were
taken on d —10 and 10 relative to calving to deter-
mine glycogen and total liver fat concentration (LFC)
and to quantify mRNA levels of pyruvate carboxylase
(PC), cytosolic phosphoenolpyruvate carboxykinase,
and glucose-6-phosphatase. Time course of milk yield
during first 8 wk in lactation differed among treatment.
Milk protein content was higher in 28-d than in 90-d
DP cows. Milk fat to protein ratio was highest and
milk urea was lowest in 90-d DP cows. Differences in
BW, BFT, and BCS were predominantly seen before
calving with greatest BW, BFT, and BCS in 90-d DP
cows. Plasma concentrations of NEFA and BHBA were
elevated during the transition period in all cows, and
the greatest increase pp was seen in 90-d DP cows.
Plasma glucose concentration decreased around calving
and was greater in 28-d than in 90-d DP cows. Dry pe-
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riod length also affected plasma concentrations of urea,
cholesterol, aspartate transaminase, and glutamate
dehydrogenase. Plasma insulin concentration decreased
around calving in all cows, but insulin concentration pp
was greater in 28-d than in 56-d DP cows. Hepatic gly-
cogen concentration decreased and LFC increased after
calving in all cows, and LFC was greater pp in 90-d DP
than in 28-d DP cows. Hepatic PC mRNA abundance
pp tended to increase most in 90-d DP cows. Changes
on glucose metabolism were more balanced in cows with
a reduced DP, whereas cows with extended DP and
elevated body condition indicated greatest metabolic
changes according to lipid and glucose metabolism dur-
ing the transition period.

Key words: dairy cow, dry period length, glucose
metabolism

INTRODUCTION

Dry period (DP) management by farmers is gener-
ally arranged by a 6- to 8-wk period to give the cow
a resting time after lactation and in preparation for
the next calving and lactation. It is well known that
DP length influences milk production and composi-
tion, energy balance, and health in the consecutive
lactation (Grummer and Rastani, 2004; Watters et al.,
2008; van Knegsel et al., 2013). The dramatic increase
of energy required after calving for milk production in
high-yielding dairy cows and insufficient DMI at the
same time lead to the well-described negative energy
balance in early lactation (Ingvartsen and Andersen,
2000; Drackley et al., 2001). Shortening the DP length
in dairy cows often results in decreased milk produc-
tion, which is partly compensated by a greater milk
yield during prolonged previous lactation, but reduces
metabolic load at beginning of the subsequent lacta-
tion, as reviewed by Bachman and Schairer (2003) and
van Knegsel et al. (2013). Besides milk production, ef-
fects of shortening DP length on glucose metabolism
during the transition period are of interest. Providing
sufficient glucose for milk production is a prerequisite
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for maximal milk performance (Linzell, 1972; Rigout et
al., 2002). Recent studies in dairy cows revealed marked
changes in adaptation of hepatic glucose production
during the transition period to comply with the huge
glucose demand after onset of lactation (Greenfield et
al., 2000; Hammon et al., 2009; Weber et al., 2013a).
Whether a shortened DP length affects hepatic glucose
metabolism during the transition period in dairy cows
is not yet known.

In addition, an extended DP length often occurs
on farms due to a prolonged calving interval or other
reasons. Insufficient milk production at the end of lac-
tation prevents achievement of intended lactation cut
off and foreseen DP length. Due to inadequate manage-
ment, these cows often gain weight, fill up their fat
depots, and their body condition increases. However,
metabolic adaptation to consecutive lactation largely
depends on body condition during previous lactation
(Grummer, 1993; Drackley et al., 2001; Weber et al.,
2013b). Elevated body condition before calving often
leads to enhanced lipolysis around calving that results
in moderate to severe metabolic load in dairy cows with
increased plasma concentrations of NEFA and BHBA
as well as enhanced fat storage in the liver (Grum-
mer, 1993; Hammon et al., 2009; Weber et al., 2013b).
Therefore, an extended DP might result in imbalances
with respect to glucose and lipid metabolism during the
transition period that impair consecutive lactation by
developing disorders such as ketosis and fatty liver, but
studies investigating this topic are rare.

The aim of the present study was to investigate the
metabolic consequences of either an extended or a short-
ened DP length on metabolic changes during the transi-
tion and early lactation period with emphasis on glucose
metabolism. The hypothesis was tested that an extended
as well as a shortened DP length affects systemic and he-
patic glucose metabolism in dairy cows when preparing
for consecutive lactation. Besides measurements on milk
performance, body condition, and metabolic changes in
blood plasma, gene expression of key enzymes on hepatic
gluconeogenesis that contribute to the metabolic adap-
tation around calving in dairy cows were investigated
(Hammon et al., 2009; Weber et al., 2013a) and tested
for their responses to different DP length.

MATERIALS AND METHODS

Animals, Housing, Feeding,
and Classification of Cows

The experimental procedures were carried out
according to the animal care guidelines and were
approved by the relevant authorities of the State
Mecklenburg-Vorpommern, Germany (LALLF M-V/
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TSD/7221.3-2.1-021/06).  Multiparous  (lactation
number 2 to 8) German Holstein cows (n = 58) with
comparable milk production (>10,000 kg/305 d during
preceding lactation) on a conventional farm (Gut Dum-
merstorf GmbH, Dummerstorf, Germany) were selected
for this experiment. Cows were kept in a free-stall barn
with deep lying boxes filled with chaffed straw. One
week before expected calving cows were moved in calv-
ing boxes with straw, immediately after calving cows
were moved into the fresh cow group for 6 consecutive
days, and after this period relocated to the lactational
transition group. Cows were studied from dry off to 56
DIM in the consecutive lactation. Cows were grouped
into shortened (28-d DP; n = 18) and conventional (56-
d DP; n = 18) DP before expected calving. A third
treatment group was created by cows with an extended
(90-d; n = 22) DP before expected calving. Actual DP
lengths were (mean + SE) 26 4+ 3.3, 56 + 4.5, and 98 +
22.7 d for 28-, 56-, and 90-d DP treatment, respectively.
Cows with 28- and 56-d DP were selected randomly
and were blocked on milk yield and DIM of previous
lactation and on lactation number. Cows with 90-d DP
were selected due to the decline in milk yield (<15 kg
/d) during late lactation. The dry-off protocol included
treatment of all cows with intramammary applied anti-
biotics (Cloxacillin, Pfizer Corporation, Wien, Austria)
after last milking.

The experimental groups were fed with TMR, ad li-
bitum during the DP (far-off and close-up ration), and
lactation. Cows with 56- and 90-d DP were first fed
with the far-off diet from dry off until wk 4 before
the expected calving date, and afterward were fed the
close-up diet from wk 3 before expected calving to par-
turition. Cows with the 28-d DP were moved after dry
off to the close-up pen and fed only the close-up ration
during DP. After calving all groups received the same
lactation diet until 56 DIM. Diets were fed 2 times a
day at 0700 and 1300 h, and TMR was shoveled closer
to the feedlot in a time interval of 4 h. Ingredients and
chemical composition of the different diets are shown
in Table 1. Dry matter, utilizable protein, crude fat,
NE;, ADF, and NDF were determined according to
Naumann and Bassler (2004). Cows always had free
access to water troughs.

Measurement of Milk Yield,
Milk Composition, and Body Condition

Cows were milked thrice per day at 0600, 1400, and
2200 h. Milk yield was electronically recorded at each
milking. Milk samples were taken monthly from 3 milk-
ings during the day and were pooled for the determi-
nation of protein, fat, lactose, and urea concentrations
in milk. Analyses of milk components were conducted
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Table 1. Ingredients and chemical composition of diets for the far-off dry period, close-up dry period, and
lactation period fed during the study to dairy cows with 28-, 56-, and 90-d dry period length

Diet

Ttem Far-off! Close-up' Lactation'

Ingredient
Corn silage, g/kg of DM 276 500 401
Grass silage, g/kg of DM 630 252 144
Barley straw, g/kg of DM 63 28 10
Extracted rapeseed meal, g/kg of DM 30 64
Beet pulp, g/kg of DM 13
Grain meal, g/kg of DM 22 42 68
Corn meal, g/kg of DM 33 83
Soybean meal, g/kg of DM 37 40
Molasses, su%arbeet, g/kg of DM 4 27
Panto TMR,” g/kg of DM 45 39
Panto Power Mix,” g/kg of DM 10 32
Propylene glycol, g/kg of DM 11 9
Minerals, g/kg of DM 9! 8! 13°

Chemical analysis®
Utilizable protein, g/kg of DM 129 132 145
Crude fat, g/kg of DM 28 50 55
NE., MJ/kg of DM 5.9 6.7 7.3
ADF, g/kg of DM 281 197 165
NDF, g/kg of DM 487 351 300

"Far-off period was from dry off to wk 4 before calving and close-up period was from wk 1 to wk 1 before
calving.

*Protein concentrate: Panto-Potent TMR (HL Hamburger Leistungsfutter GmbH, Hamburg, Germany):
40.00% CP, 5.00% crude fat, 6.50% crude fiber, 7.00% crude ash, 0.50% calcium, 0.70% phosphorus, 0.10%
sodium, 0.30% magnesium.

*Energy concentrate: Panto Power Mix (HL Hamburger Leistungsfutter GmbH): 46.00% crude fat, 20.00%
sugar, 12.00% starch, 9.00% crude protein.

‘Nonlactating minerals: Panto/ATR R 7880 (ATR Landhandel GmbH & Co. KG, Ratzeburg, Germany): 0.00%
calcium, 8.00% phosphorus, 3.50% sodium, 10.00% magnesium, and vitamins (per kilogram of nonlactating
minerals: 1,000,000 IU of vitamin A, 200,000 IU of vitamin D, and 20,000 mg of vitamin E)..

’Lactating minerals: Panto/ATR R 7690 (ATR, Landhandel GmbH & Co. KG): 20.00% calcium, 8.00% phos-
phorus, 10.00% sodium, 5.00% magnesium, and vitamins (per kilogram of lactating minerals: 500,000 IU of

vitamin A, 65,000 IU of vitamin D3, and 3,500 mg of vitamin E).

German Society of Nutrition Physiology (2008).

by the Landeskontrollverband fiir Leistungs- und Qual-
itatspriiffung Mecklenburg-Vorpommern e.V. (Giistrow,
Germany ), using an infrared spectrophotometric method
(Milcosan, Foss Germany, Rellingen, Germany). Energy-
corrected milk was calculated as described by Reist et al.
(2003): ECM (kg) = (0.038 x g crude fat + 0.024 x g of
CP + 0.017 x g of lactose) x kg of milk/3.14.

Body weight, back fat thickness (BFT), and BCS
were measured at dry off, wk 1 before expected calving,
and on wk 1, 2, 4, and 8 after calving. Back fat thickness
was recorded by ultrasonic measurement (ALOKA SSD
500, Aloka, Meerbusch, Germany) in the sacral region
according to Schroder and Staufenbiel (2006) and BCS
was determined on an 1- to 5-point scale according to
Edmonson et al. (1989).

Blood Sampling and Analyses of Metabolites
and Hormones in Plasma

Blood samples were taken from the coccygeal vein
at dry off and on d 56, 28, and 7 before expected calv-
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ing, and on 1, 7, 14, 28, and 56 DIM using evacuated
tubes (Vacuette, Greiner Bio-One International AG,
Frickenhausen, Germany) containing potassium-EDTA
(K;EDTA 1.8 g/L of blood) as an anticoagulant. In-
dividual blood sampling varied from 1 d before to 1 d
after the exact date. Blood samples were immediately
put on ice, and then centrifuged at 1,500 x ¢ at 4°C
for 20 min. The supernatant was harvested and stored
at —20°C until analyzed for NEFA, BHBA, glucose,
cholesterol, urea, aspartate transaminase (AST),
glutamate dehydrogenase (GLDH), insulin, and glu-
cagon. Plasma metabolites (NEFA, BHBA, glucose,
cholesterol, urea) and enzymes (AST, GLDH) were an-
alyzed by the Klinik fiir Rinder (Stiftung Tierarztliche
Hochschule Hannover, Germany) using respective kits:
NEFA (#434-91795) from WAKO Chemicals GmbH,
Neuss, Germany; BHBA (#RB 1008) from Randox
Laboratories Ltd., Crumlin, UK; glucose (#553-230),
cholesterol (#553-124), and AST (#553-256 G) from
MTI-Diagnostics, Idstein, Germany; urea (#LT-UR
0050) from Labor + Technik, E. Lehmann, Salzburg,
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Austria; GLDH (#11929992) from Roche Diagnostics,
Mannheim, Germany. Analyses were performed auto-
matically by spectophotometry (Pentra 400, Axon Lab,
Reichenbach, Germany). Plasma insulin concentration
was determined by radioimmunoassay as described (Vi-
cari et al., 2008), and plasma glucagon concentration
was detected by radioimmunoassay using a kit from
Linco (GL-32K, Linco Research, St. Charles, MO; Vi-
cari et al., 2008).

Liver Tissue Sampling and Analyses

Liver tissue samples were obtained by needle biopsy
under local anesthesia on d 10 before expected calving
and on d 10 after calving in each treatment group (first
11 cows per treatment group, respectively; Duske et
al., 2009; Weber et al., 2013b). After cutting the skin,
liver tissue was extracted using a tailor-made biopsy
needle (outer diameter 6 mm). Tissue samples were
immediately frozen in liquid nitrogen and stored at
—80°C until analysis. Tissue was homogenized under
liquid nitrogen. Carbon and nitrogen contents were
analyzed by combustion and elemental analysis using
mass spectrometry (EA 1108, Carlo Erba Instruments,
Rodano, Ttaly; Delta S, Finnigan MAT, San Jose, CA).
The concentration of total liver fat was calculated ac-
cording to the following equation: liver fat (% DM) =
1.3038 x C (% DM) — 4.237 x N (% DM) — 0.58 x
glycogen (% DM) — 0.5215 x glucose (% DM) (Duske
et al., 2009). Liver glycogen concentration (LGC) was
determined using a commercial photometric test kit
based on amyloglucosidase-catalyzed release of glucose
(no. 10207748035, Boehringer Mannheim, Mannheim,
Germany; Duske et al., 2009).

Total RNA was isolated from liver samples, tran-
scribed into ¢cDNA and purified as described (Hammon
et al., 2009). Genes involved in hepatic carbohydrate
metabolism were cytosolic phosphoenolpyruvate car-
boxykinase (PCK1), pyruvate carboxylase (PC),
and glucose-6-phosphatase (G6PC). Specific primer
sequences were used as described by Hammon et al.
(2009). Quantification of mRNA abundance relative to
reference genes in liver tissue was done by real-time
reverse-transcription PCR (LightCycler, Roche Applied
Science, Mannheim, Germany) using SYBR, Green I as
fluorescent dye according to Pfaffl (2001). The refer-
ence gene used was f-actin (ACTB) because it was
not affected by DP length and time. This was not the
case for glyceraldehyde-3-phosphate dehydrogenase,
which was also tested as reference gene. After detec-
tion, melting temperatures were checked for specificity
of each product. Additionally, gel electrophoresis of the
PCR product demonstrated only one single band of
the expected size. Products were verified by sequencing
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using an ABI Sequencing kit (ABI Big Dye Termina-
tor, Applied Biosystems, Darmstadt, Germany) and
an ABI 310 Genetic Analyzer (Applied Biosystems).
Values of crossing point (quantification cycle; Cq) were
corrected for different runs by an internal standard
(ACq). In addition, ACquerp was used to normalize
measurements of target genes as indicated by AACP =
ACarget — ACqsorp (Hammon et al., 2009). Efficiency
of PCR was close to 2 and inter- and intraassay coef-
ficients of variation for reverse transcription-PCR of
target and reference genes were <1% (Hammon et al.,
2009; Weber et al., 2013a).

Statistical Analyses

Statistical analyses were done with SAS for Win-
dows, release 9.4 (SAS Institute Inc., Cary, NC). All
data were analyzed by repeated measurements ANOVA
using the MIXED procedure. The ANOVA models
used contained the fixed effects DP length (levels: 28,
56, and 90 d); time (levels: day or week relative to
calving as described above); the interaction between
DP length and time, lactation number, the interaction
between DP length and lactation number; and the
interaction between DP length, time, and lactation
number. Classes for lactation number were 2, 3, and
44 (4 and higher). Lactation number and respective
interactions were excluded from the statistical model
when not significant. Repeated measures on each cow
were taken into account using the repeated statement
of the MIXED procedure with autoregressive residual
covariance structure for milk yield, milk ingredients,
liver fat concentration (LFC), LGC, and hepatic gene
expression data. Body condition data (BW, BCS, and
BFT) and plasma levels of metabolites, enzymes, and
hormones were assessed by using an unstructured type
of the block diagonal residual covariance matrix. The
levels of the repeated variable time were d 56 before to
56 after calving for the entire observation period for
metabolites, enzymes, and hormones and wk 1 before
to wk 8 after calving for body condition data; d —56 to
—7 for the antepartum period (metabolites, enzymes,
and hormones only); d 1 (wk 1) to d 56 (wk 8) after
calving for the postpartum period. Days 90, 56, and
28 before expected calving were defined as day of dry
off for individual treatment groups, respectively. Data
were analyzed separately for each observation period for
BW, BCS, BFT, and plasma concentrations of metabo-
lites, enzymes, and hormones. Liver glycogen, LFC, and
gene expression data were analyzed by the same model
as described with —10 d before expected calving and 10
DIM as time levels. The least squares means and their
standard errors were computed for each fixed effect in
the ANOVA model to display the results. Additionally,
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all pairwise differences of these least squares means
were tested using the Tukey-Kramer procedure. Test
results with P < 0.05 were considered to be significant.

RESULTS

Milk Yield, ECM, Milk Composition,
BW, BFT, and BCS

Calving interval was greater (P < 0.05) in 90-d DP
than in 28- and 56-d DP cows, but DIM and milk yield
of previous lactation were not different among treat-
ment groups (Table 2). Milk yield on day of dry off was
higher (P < 0.05) in 56-d than in 90-d DP cows. Milk
yield in subsequent lactation increased in all treatment
cows (P < 0.001) from the onset of lactation to wk 6,
but milk yield proceeded differently among DP length
(interaction DP length x time: P < 0.05; Figure 1A;
Table 3). Dry period length differently affect milk yield
with respect to lactation number. In 28-d DP cows,
milk yield was greater in cows with 4 and higher lacta-
tion number than in cows with second lactation. Milk
yield was recorded until 200 DIM and mean milk yield
was 37.1, 39.4, and 41.8 £ 1.7 kg/d (LSM =+ SE) for
28-, 56-, and 90-d DP cows, respectively. Milk yield
decreased during that period in all cows and a trend (P
= 0.11) was observed for greater milk yield in 90-d than
in 28-d DP cows.

Energy-corrected milk yield increased during lacta-
tion (P < 0.01), and the increase was greatest for 90-d
DP cows (interaction DP x time: P < 0.05; Figure
1B, Table 3). Effects of DP length on ECM were influ-
enced by lactation number. In 90-d DP cows, ECM was
greater in cows of second lactation than in cows of third
lactation. Milk fat content decreased (P < 0.001) in
all cows during the experimental period. Milk protein
content decreased (P < 0.01) from wk 2 to 5 after calv-
ing, but increased (P < 0.01) from wk 5 to 8, and was
greater (P < 0.01) in 28-d DP than in 90-d DP cows.
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Figure 1. Milk yield (A) and ECM (B) from wk 1 to 8 after calving
in cows with 28- (A), 56- (@), and 90-d () dry period (DP) length.
Data are presented as LSM + SE. Statistically significant (P < 0.05)
effects for milk yield: time, DP length x time, DP length x lactation
number. Statistically significant (P < 0.05) effects for ECM: time, DP
length x time, DP length X lactation number.

Table 2. Number of lactations, milk yield, and DIM of previous lactation, and milk yield at dry off in cows with 28- (n = 18), 56- (n = 18)

or 90-d (n = 22) dry period (DP) length

DP (ANOVA)
Variable' 28-d 56-d 90-d SE P-value
No. of lactations® 3.3 4.1 0.4 0.1
Calving interval, d 409° 379* 497" 21.1 0.01
DIM of previous lactation 384 331 394 24 0.2
Milk yield of previous lactation, kg/305 DIM 10,390 10,424 10,469 546 1.0
Milk yield at dry off, kg/d 17.4% 21.0° 16.2" 1.3 0.05

*Meast squares means with different letters within a row are significantly different from each other (Tukey-Kramer test, P < 0.05).

"Walues are LSM with SE.

Lactation numbers of cows were 2 (n =
with 56-d DP length; and 2 (n = 3), 3 (n = 9), and 4+

Journal of Dairy Science Vol. 98 No. 3, 2015

7),3 (n=6), 4+ (n = 5) in cows with 28-d DP length; 2 (n = 10), 3 (n = 3), and 4+ (n = 5) in cows
(n = 10) in cows with 90-d DP length.
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Table 3. Milk yield, ECM from wk 1 to 8 after calving, and milk fat, milk protein, and milk lactose, milk fat to protein ratio, and milk urea
from wk 2 to 8 after calving in cows with 28- (n = 18), 56- (n = 18), or 90-d (n = 22) dry period (DP) length

DP (ANOVA) P-value

Variable' 28-d 56-d 90-d SE DP Time DP X time
Milk yield, kg/d 41.1 40.6 41.8 1.7 0.9 0.001 0.02
ECM, kg/d 41.6 39.6 42.0 1.6 0.6 0.001 0.02
Milk fat, g/kg of milk 43.0 40.9 42.3 1.5 0.6 0.001 0.5
Milk fat, kg/d 1.78 1.64 1.76 0.08 0.4 0.01 0.8
Milk protein, g/kg of milk 32.8" 317" 29.8" 0.65 0.01 0.01 0.1
Milk protein, kg/d 1.36 1.28 1.28 0.05 0.6 0.001 0.03
Fat to protein content ratio, g/g 1.32" 1.36" 1.50" 0.04 0.01 0.001 0.02
Milk lactose, g/kg of milk 474 474 47.8 0.33 0.7 0.001 0.07
Milk lactose, kg/d 2.01 1.93 2.06 0.1 0.7 0.001 0.05
Milk urea, mg/kg of milk 258" 268" 210" 7.9 0.01 0.2 0.07

*PLeast squares means with different letters within a row are significantly different from each other (Tukey-Kramer test, P < 0.05).

"Values are LSM with SE.

The fat to protein ratio decreased (P < 0.01) from wk
2 to 8 after calving. In 90-d DP cows, the fat to protein
ratio was greater (P < 0.01) than in 28-DP cows and
tended to be greater (P < 0.1) than in 56-d DP cows
(Table 3). Milk lactose content increased (P < 0.01)
from wk 2 to 5 in all cows and was greater (P < 0.05)
in 4+ than in third lactation. Milk fat and lactose yield
increased (P < 0.01) from wk 2 to 5, but milk fat yield
decreased (P < 0.05) from wk 5 to 8. Milk lactose yield
further increased (P < 0.05) from wk 5 to 8 only in 90-d
DP cows. Milk protein yield increased (P < 0.05) dur-
ing the whole experimental period with the strongest
increase (P < 0.01) in 90-d DP cows. In 90-d DP cows,
milk fat yield was greater (P < 0.05) and milk protein
yield tended to be greater (P < 0.1) in second than
third lactation. Milk urea concentration was lowest (P
< 0.05) in 90-d DP cows (Table 3).

Cows with 90-d DP tended to have higher BW (P =
0.08) at dry off than cows with 28- and 56-d DP. Cows
with different DP length gained BW (P < 0.01) during
DP (Figure 2A). Before calving BW was higher (P <
0.05) in 90-d than in 28- and 56-d DP cows. After calv-
ing BW rapidly decreased (P < 0.05) in all cows up to
wk 2 and remained relatively constant up to the end of
the study. With respect to the whole experimental pe-
riod, BW was lower (P < 0.05) in 56-d DP than in 90-d
DP cows. At dry off and during the precalving period,
BFT was highest (P < 0.01) in cows with 90-d DP.
After calving, all cows mobilized subcutaneous back fat
from wk 1 to 4 (P < 0.01), whereby 90-d DP cows had
always slightly higher BFT levels than 28- and 56-d DP
cows at this time (P = 0.09, Figure 2B). Body condi-
tion score was higher at dry off in cows with 90-d DP
than in 28- and 56-d DP cows (P < 0.05, Figure 2C),
but differences among cows disappeared before calving.
After calving, BCS decreased (P < 0.01) in all cows to
a similar extent to the end of the observation period.

Metabolic and Endocrine Changes in Blood Plasma

Plasma NEFA concentration was not different at
dry off among cows, and increased (P < 0.001) around
parturition in all cows (Figure 3A), showing greatest
concentration on d 1, 7, and 14 after calving in 90-d
DP cows (P < 0.001; Figure 3A; Table 4). Thereafter,
plasma NEFA concentration decreased (P < 0.01) in
all cows up to 56 DIM. Plasma BHBA concentration
was lower (P < 0.05) at dry off in 90-d DP than in 28-d
DP cows (Table 4). Plasma BHBA increased highest (P
< 0.01) around calving in 90-d DP cows (Figure 3B;
Table 4). Plasma glucose concentration was similar at
dry off and during DP among cows, but decreased (P
< 0.01) in 90-d DP cows on d 1 and in 28- and 56-d
DP cows on d 7 after calving. During the entire study,
plasma glucose concentration was higher (P < 0.05) in
28-d DP than in 90-d DP cows (Table 4; Figure 3C).

Plasma cholesterol concentration did not differ
among cows at dry off (Table 4), but decreased (P <
0.01) during the DP and increased (P < 0.01) after
calving in all cows (Figure 3D). With respect to the
entire study, cholesterol concentration was higher (P <
0.05) in 28-d DP than in 90-d DP cows and tended to
be higher (P < 0.1) in 28-d DP than in 56-d DP cows.
Cholesterol concentration on d 56 before expected calv-
ing was higher (P < 0.05) in 28-d DP than in 90-d DP
cows and on d 28 before expected calving was highest
(P < 0.05) in 28-d DP cows. Plasma urea concentration
was lowest on d 56 before expected calving and highest
on 1 DIM in 90-d DP cows (P < 0.05) and increased (P
< 0.05) from 1 to 56 DIM in 56-d DP cows (Figure 3E;
Table 4). Urea concentration was lowest (P < 0.05) on
28 DIM in 90-d DP cows and was lower (P < 0.05) on
56 DIM in 90-d DP than in 56-d DP cows.

Plasma AST concentration was similar at dry off in
all cows, increased (P < 0.01) around calving in all
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Figure 2. Body weight (A), backfat thickness (BFT; B), and BCS
(C) on day of dry off and from wk 1 before expected calving to wk 8
after calving in cows with 28- (A), 56- (@), and 90-d (O) dry period
(DP) length. Data are presented as LSM =+ SE. Statistically significant
(P < 0.05) effects for BW antepartum (ap): DP, time; postpartum
(pp): time; entire study: DP, time. Statistically significant (P < 0.05)
effects for BFT on d of dry off: DP; ap: DP; pp: time; entire study:
DP, time. Statistically significant (P < 0.05) effects for BCS on d of
dry off: DP; pp: time; entire study: time.
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cows, but greatest increase was observed at 7 DIM in
90-d DP cows (P < 0.05, Table 4; Figure 3F). With
respect to entire study AST concentration was higher
(P < 0.05) in 90-d DP than in 56-d DP cows. At dry
off, plasma GLDH concentration of 56-d DP cows was
higher (P < 0.05) than in 28-d DP cows and tended
to be higher than in 90-d DP cows (P < 0.1, Table 4).
After calving, GLDH concentration increased highest
(P < 0.05) in 90-d DP cows (interaction DP x time: P
< 0.05), but concentration did not differ among cows
at specific time points (Figure 3G).

Plasma insulin and glucagon concentrations did not
differ between cows, when cows were dried off (Table
4). Plasma insulin concentration decreased (P < 0.001)
and plasma glucagon concentration increased (P < 0.05)
with onset of lactation. Plasma insulin concentration in
28-d DP cows increased during DP, whereas plasma
insulin concentration in 90-d DP cows decreased at the
same time (interaction DP x time: P < 0.01; Figure
3H, Table 4). After parturition, 28-d DP cows had
higher insulin concentrations (P < 0.05) than 56-d DP
cows and tended to have a higher insulin concentrations
(P < 0.1) than 90-d DP cows. The glucagon to insulin
ratio increased (P < 0.01) after calving in all cows and
decreased from 14 to 56 DIM without treatment effects.

Liver Fat and Liver Glycogen Concentrations and
Hepatic Gene Expression of Glucogenic Enzymes

On d 10 before expected calving, LFC was consider-
ably lower than on d 10 after calving (P < 0.01; Table
5). Liver fat concentration after calving was higher (P
< 0.05) in 90-d than in 28-d DP cows. Liver glyco-
gen concentration was not different among treatment
groups before and after calving but decreased (P <
0.01) after calving in all cows.

Abundance of PC' mRNA tended to increase highest
after calving (interaction P < 0.1) in 90-d DP cows
(Table 5). Statistics for PCK1 mRNA abundance re-
vealed a trend (P < 0.1) for different changes during
the transition period, namely an increase of PCKI
mRNA in 28-d DP cows, but a decrease in 56- and 90-d
DP cows (Table 5). Abundances of G6PC mRNA were
not affected by time and DP (Table 5).

DISCUSSION

Cows investigated in this study were kept under
identical environmental conditions and were fed the
same diets ad libitum. Dairy cows were randomly as-
signed to DP length of either 28 or 56 d. Cows with
90-d DP length had low milk yield (15 kg/d or less)
at the end of the previous lactation and were dried
off, although they did not reach scheduled time point
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Table 4. Plasma concentrations of NEFA, BHBA, glucose, cholesterol, urea, aspartate transaminase (AST), glutamate dehydrogenase (GLDH),
insulin, and glucagon and the glucagon to insulin ratio in blood plasma on day of dry off (dry off), during the postpartum period (d 1 to 56
postpartum) and entire study (d —56 antepartum to d 56 postpartum) in cows with 28- (n = 18), 56- (n = 18) and 90-d (n = 22) dry period
(DP) length

DP (ANOVA) P-value

Variable' Time, d 28-d 56-d 90-d SE DP Time DP X time
NEFA, mmol/L Dry off 0.17 0.22 0.17 0.04 0.6

Postpartum 0.63" 0.69" 1.01* 0.07 0.001 0.001 0.5

Entire study 0.46" 0.52" 0.71* 0.05 0.001 0.001 0.6
BHBA, mmol/L Dry off 0.47" 0.43" 0.35" 0.04 0.04

Postpartum 0.61" 0.72" 1.29° 0.1 0.001 0.001 0.01

Entire study 0.56" 0.58" 0.99* 0.07 0.001 0.001 0.1
Glucose, mmol/L Dry off 3.71 3.59 3.79 0.08 0.3

Postpartum 3.48 3.51 3.22 0.1 0.3 0.02 0.3

Entire study 3.59" 3.56™ 3.36" 0.07 0.04 0.001 0.4
Cholesterol, mmol /L Dry off 3.64 3.74 3.76 0.21 0.9

Postpartum 3.07 2.92 2.82 0.14 0.4 0.001 0.07

Entire study 3.19* 2.82% 2.64" 0.11 0.01 0.001 0.01
Urea, mmol/L Dry off 3.81 3.78 3.33 0.21 0.2

Postpartum 4.22 4.49 4.02 0.17 0.2 0.001 0.001

Entire study 4.03 4.06 3.75 0.13 0.15 0.001 0.01
AST, U/L Dry off 60.3 57.9 60.9 3.39 0.8

Postpartum 80.1 79.6 99.2 8.25 0.1 0.001 0.9

Entire study 73.4™ 66.8" 83.0° 3.85 0.01 0.001 0.01
GLDH, U/L Dry off 12.7° 20.9° 13.6" 2.12 0.03

Postpartum 29.9 35.0 46.4 9.47 0.4 0.001 0.5

Entire study 24.1 20.7 31.2 5.08 0.3 0.001 0.02
Insulin, pg/L Dry off 0.98 1.08 1.18 0.09 0.3

Postpartum 0.94" 0.66" 0.73" 0.07 0.02 0.01 0.1

Entire study 0.96 0.85 0.85 0.05 0.3 0.01 0.01
Glucagon, ng/L Dry off 116 107 113 7.08 0.6

Postpartum 117 116 103 6.34 0.2 0.03 0.6

Entire study 115 110 104 7.60 0.9 0.5 0.7
Glucagon/insulin Dry off 0.20 0.17 0.18 0.01 0.3

Postpartum 0.26 0.31 0.27 0.02 0.4 0.01 0.5

Entire study 0.23 0.27 0.27 0.05 0.8 0.3 0.8

*PLeast squares means with different letters within a row are significantly different from each other (Tukey-Kramer test, P < 0.05).
"Values are LSM with SE.

on end of lactation, namely 56-d before expected calv- to delayed conception. Reasons for this delay were vari-
ing. Therefore, DP was inevitably longer than 56 d. able, but reduced fertility in 90-d DP cows could be
Cows with 90-d DP had a longer calving interval due documented by elevated services per conception after

Table 5. Liver fat concentration (LFC), liver glycogen concentration (LGC), and hepatic mRNA abundance relative to reference gene of
pyruvate carboxylase (PC), cytosolic phosphoenolpyruvate carboxykinase (PCK1), and glucose-6-phosphatase (G6PC) on d 10 before (—10)
expected calving and d 10 after calving (10) in cows with 28- (n = 11), 56- (n = 11), and 90-d (n = 11) dry period (DP) length

DP (ANOVA) P-value
Time, d relative
Variable' to calving 28-d 56-d 90-d SE DP Time DP x time
LFC, mg/g of DM —10 152 179 220 38.1 0.02 0.001 0.3
10 311° 384" 491° 40.1
LGC, mg/g of DM —10 13.4 12.7 12.0 1.28 0.2 0.001 0.7
10 3.53 1.27 0.34 2.06
Gene expression
PC —10 0.62 0.60 0.53 0.17 0.3 0.03 0.06
10 0.76 0.60 1.27 0.18
PCK1 -10 3.37 5.48 4.19 0.98 0.9 0.07 0.1
10 4.09 1.83 2.53 1.03
G6PC -10 51.7 47.7 46.4 13.7 0.6 0.9 0.6
10 63.2 35.6 42.5 14.1

*PLeast squares means with different letters within a row are significantly different from each other (Tukey-Kramer test, P < 0.05).
Values are LSM with SE.
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previous calving (services per conception were 2.1, 1.9,
and 3.4 for 28-, 56-, and 90-d DP cows, respectively).
Cows did not differ in length of previous lactation pe-
riod, although a numerical difference of about 50 DIM
between 90- and 56-d DP cows was observed. Cows
had same potential for milk production, as indicated by
305-d milk performance in previous lactation, but cows
with conventional DP length (56 d) produced at dry off
more milk than 90-d DP cows.

Effects of Dry Period Length on Consecutive Milk
Production and Body Condition

We have found no differences in overall milk pro-
duction during early lactation among DP lengths, as
also indicated by others (Gulay et al., 2003; Santschi
et al., 2011). This is in contrast to other studies that
reported a reduced milk production in early lactation
after a 30-d DP, compared with a 60-d DP (Rastani
et al., 2005; van Knegsel et al., 2014). Time course of
milk yield and ECM until 56 DIM behaved differently
with respect to DP length, indicated by lowest milk
yield at beginning of lactation, but highest milk yield
at 56 DIM in 90-d DP cows. Milk yield in 56- and
28-d DP cows reached highest performance in wk 5
of lactation and started to decrease afterward. Milk
production data in this study were further recorded,
and cows with 90-d DP produced slightly more milk
until 200 DIM, indicating greatest lactation persistence
in 90-d DP cows, whereas 28-d DP cows showed lowest
milk yield until 200 DIM. These data support previous
findings that a shortened DP reduces milk persistence
in the subsequent lactation (Pezeshki et al., 2008; de
Feu et al., 2009; van Knegsel et al., 2013), and confirm
elevated milk production in cows with a prolonged DP
(Sgrensen and Enevoldsen, 1991; Weglarzy, 2009).

Shortening the DP may impair subsequent milk
production more in primiparous than multiparous cows
(Annen et al., 2004; Santschi et al., 2011). In our study,
young cows in second lactation benefit from prolonged
DP and 90-d DP cows produced most milk in second
lactation, which coincides to previous investigations on
optimal DP length in young dairy cows (Kuhn et al.,
2006). On the other hand, milk yield was clearly nega-
tively affected in cows with 2nd lactation when DP was
shortened, whereas in 56-d DP cows lactation number
had no effect on milk production.

Protein and lactose yield per day increased with milk
yield during the experimental period, but milk protein
content was highest in 28-d DP cows. At the same time,
milk fat content was not affected by DP length, result-
ing in an elevated milk fat to protein ratio in 90-d DP
cows. Increased milk protein content with respect to re-
duced DP length is well known from literature (Rastani
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et al., 2005; Watters et al., 2008; van Knegsel et al.,
2014) and is probably the consequence of reduced milk
volume but same potential for milk protein synthesis in
28-d DP cows. Whether an improved energy balance in
28-d DP cows may have contributed to elevated milk
protein content in our study, as suggested by Watters et
al. (2008), is not known because we could not calculate
energy balance. With regard to milk protein content,
elevated insulin status after calving in 28-d DP cows
may affect milk protein synthesis probably by stimulat-
ing mammary blood flow and glucose uptake into the
mammary gland (Bequette et al., 2001). Milk lactose
content increased and milk fat content decreased at the
same time during early lactation, which is in accordance
to previous studies (Hammon et al., 2009; Weber et al.,
2013b). However, the enhanced fat mobilization in 90-d
DP cows did not result in a greater milk fat content,
which was the case in an earlier study (Hammon et
al., 2009). One reason for the absence of elevated milk
fat in 90-d DP cows might be the less frequent milk
sampling in our study. Concerning milk urea concen-
tration in 90-d DP cows, the low concentration may
point to a slightly insufficient protein supply in cows
with a prolonged DP, although concentration was in
a physiological range (Schepers and Meijer, 1998). Fat
mobilization and the fat to protein ratio in milk were
elevated in 90-d DP cows. Therefore, we speculate that
DMI was probably lower in 90-d DP cows than in 56-
and 28-d DP cows and that the reduction in DMI led to
a slightly insufficient protein supply in 90-d DP cows.
Our previous findings in dairy cows clearly demonstrat-
ed a negative relationship between fat mobilization and
DMI during the transition from pregnancy to lactation
(Hammon et al., 2009; Weber et al., 2013b).

Our study did not confirm an improved body condi-
tion in dairy cows after calving, when DP length was
reduced from about 8 wk (conventional DP) to about
4 wk (shortened DP), as indicated in several studies
(Rastani et al., 2005; Watters et al., 2008; Pezeshki et
al., 2008; van Knegsel et al., 2014). Otherwise, BW and
BCS were not affected by shortened DP length in the
study of Santschi et al. (2011). The absence of DP ef-
fects on body condition after calving could be expected
because milk yield did not differ between cows with
28- or 56-d DP.

On the other hand, BW and body condition before
calving differed between 90-d DP cows and cows with
28- and 56-d DP length. Cows with 90-d DP were not
chosen randomly, but had low milk production (<15
kg/d) around 90 d before calving and, therefore, could
not be assigned to 1 of the other 2 treatments. Interest-
ingly, 90-d DP cows had greater BW, BFT, and BCS
than cows of the other 2 treatments at dry off, indi-
cating that nutrient partitioning in these cows focused

Journal of Dairy Science Vol. 98 No. 3, 2015



1782

more on fat accretion and less on milk production when
compared with 28- and 56-d DP cows. This is also sup-
ported by the fact that milk yield at dry off was lowest
in 90-d DP cows, although the lactation period was
not different among treatment groups. At the end of
the study at 56 DIM, BW and BFT were comparable
among treatments. The decline of subcutaneous back
fat in cows with prolonged DP (90 d) until 56 DIM was
accompanied by rising milk yield in 90-d DP cows. This
indicates that 90-d DP cows used much more body fat
as energy fuel for milk production than cows of the
other 2 treatments. Interestingly, BW loss after calving
stopped much earlier (wk 2 after calving) in all cows
than loss of BFT or reduction in BCS after calving (wk
4 or 8 after calving), indicating that body mass such as
muscle tissue or fat depots others than subcutaneous
fat were rebuilt at the same time when subcutaneous
fat was still degraded, which supports previous findings
in transition cows (Hammon et al., 2009; Weber et al.,
2013D).

Associations Between Dry Period Length and
Metabolic Parameters in Blood Plasma and Liver

Cows with prolonged (90 d) DP and elevated BFT
before calving had greatest plasma NEFA and BHBA
release during the transition period. On the other hand,
plasma NEFA release in 28- and 56-d DP cows did not
differ between each other, was less conspicuous, and
was not reflected by an appropriate postnatal BHBA
release in blood plasma. The effect of shortened DP
length on NEFA release around calving mostly results
in a reduced NEFA release during the transition period,
as reviewed by van Knegsel et al. (2013), but Rastani
et al. (2005) found no effect on plasma NEFA release
when comparing 56- and 28-d DP cows.

The association between elevated body condition be-
fore calving and enhanced lipolysis around calving that
result in increased hepatic ketone body formation and
elevated liver fat content is well known in dairy cows
(Grummer, 1993; Hammon et al., 2009; Weber et al.,
2013b). Elevated lipolysis and hepatic NEFA uptake
exceeded the capacity for fatty acid oxidation primarily
in liver of 90-d DP cows, whereas the increase of plasma
NEFA and of hepatic liver fat was less pronounced in
28-d DP cows. As a consequence, postnatal increase
of plasma BHBA was much lower due to either less
hepatic NEFA uptake or improved complete utilization
of fatty acids by the liver (Ingvartsen and Andersen,
2000; Drackley et al., 2001; Bobe et al., 2004). This
was the case in cows with conventional and shortened
DP length. Greater plasma BHBA concentration after
calving was related to elevated plasma concentrations
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of AST and GLDH in dairy cows (Hachenberg et al.,
2007; Kessel et al., 2008). Although clinically not
relevant, elevated plasma concentrations of AST and
GLDH might indicate a trend for an impaired liver cell
function in 90-d DP cows. These increases were highly
reversible because elevated plasma levels of AST and
GLDH ceased at 56 DIM.

After calving, glucose is primarily used in the mam-
mary gland and, therefore, plasma glucose concentra-
tion decreased after calving in all treatment groups.
Plasma glucose concentration was lowest immediately
after calving in 90-d DP cows and exhibited the low-
est transition changes from pregnancy to lactation in
cows with 28-d DP. The decrease of plasma glucose
concentration after calving is more pronounced in cows
with elevated fat mobilization and fat concentration in
liver (Ohgi et al., 2005; Hammon et al., 2009; Weber
et al., 2013b), which was also observed in our study. In
addition, the minor transition changes in plasma glu-
cose of 28-d DP cows fitted to the elevated postpartum
insulin concentration, compared with cows with 56-d
DP length. A recent published review indicated that a
shortened DP length improves the plasma glucose and
insulin status in dairy cows (van Knegsel et al., 2013).
Consistent with the changes in plasma glucose and
insulin concentrations around calving, LGC rapidly
decreased with onset of lactation to provide glucose for
milk production and to counterbalance the low plasma
glucose concentration after calving (Herdt, 2000; Ham-
mon et al., 2009; Weber et al., 2013b). In contrast to
changes in plasma glucose and insulin, the decrease of
LGC did not differ with respect to DP length.

Pyruvate carboxylase, phosphoenolpyruvate car-
boxykinase, and glucose-6-phosphatase are crucial in
ruminant hepatic gluconeogenesis to ensure a high
glucose production during early lactation (Aschenbach
et al., 2010; Weber et al., 2013a). Gene expression of
these enzymes increased during the transition from
pregnancy to lactation, but mRNA abundance of glu-
coneogenic enzymes peaked at different time points
(Greenfield et al., 2000; Hammon et al., 2009; Weber et
al., 2013a). Gene expression of PC increased immedi-
ately at calving, whereas gene expression of PCK1 and
G6PC increased gradually together with postcalving
increment of DMI (Greenfield et al., 2000; Hammon et
al., 2009; Weber et al., 2013b). Reduced DMI at calving
has a great impact on hepatic PC gene expression and
gene expression of PC, but gene expression of PCK1
did not increase during feed restriction in dairy cows
(Velez and Donkin, 2005; Loor et al., 2006).

The mRNA abundance of hepatic PC after calving
increased in our study to the greatest extent in 90-d DP
cows. This is consistent with previous findings that in
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cows with elevated fat mobilization and hepatic liver fat
content, the increase of PC mRNA in liver immediately
after birth is most obvious (Weber et al., 2013a). This
was probably related to the reduced DMI at calving, as
assumed especially for 90-d DP cows. Hepatic PCK1
mRNA tended to decrease from 10 d before expected
calving to 10 d after calving in 56- and 90-d DP cows,
whereas G6PC did not show changes around calving.
Changes in PCK1 mRNA were consistent with previ-
ous findings (Weber et al., 2013a) and the decrease of
hepatic PCK1 mRNA after calving probably mirrored
the insufficient propionate availability in 56- and 90-d
DP cows (Aschenbach et al., 2010; Weber et al., 2013a).
The short time period from calving to 10 DIM did not
cause an increase of hepatic PCK1 mRNA abundance,
as seen in previous studies (Greenfield et al., 2000; We-
ber et al., 2013a).

Elevated plasma NEFA and BHBA concentrations,
reduced plasma glucose concentration as well as an
elevated fat to protein ratio in milk and greater hepatic
fat storage after calving pointed to a more severe nega-
tive energy balance in 90-d DP cows (Reist et al., 2003;
Hammon et al., 2009; Weber et al., 2013b). On the
other hand, elevated postpartum plasma insulin con-
centration may indicate an improved energy status in
28-d DP cows (Reist et al., 2003; Weber et al., 2013b).
It is well known that DP length affects energy balance
during the transition period and that a shortened DP
improves energy balance after calving, mainly because
of reduced milk performance (Rastani et al., 2005).
Furthermore, in continuously milked cows with omit-
ted DP, plasma metabolites were consistent with an
improved energy balance (Grummer and Rastani, 2004;
van Knegsel et al., 2013). The improved energy balance
is considered as one of the main causes for the reduced
incidence of metabolic related disorders, such as fatty
liver or ketosis (Goff and Horst, 1997).

Greatest changes in plasma urea concentration were
seen in 90-d DP cows with a peak immediately after
calving. This peak of plasma urea was probably the
consequence of elevated amino acid degradation. Dur-
ing the transition from pregnancy to lactation, when
feed intake increase is insufficient and propionate provi-
sion does not meet glucose requirements for lactation,
other substances such as lactate and amino acids cover
substrate demands for endogenous glucose production
(Aschenbach et al., 2010). The increase in hepatic
PC mRNA abundance of 90-d DP cows supports our
hypothesis that cows with prolonged DP had greater
need for amino acid utilization to provide alternative
substrates for gluconeogenesis (Brockman, 2005). On
the contrary, reduced plasma urea concentration at 28
and 56 DIM may mirror a relative deficit in nitrogen
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supply in 90-d DP cows that was discussed above with
respect to reduced milk urea content in 90-d DP cows.

Plasma cholesterol indicated lowest concentration at
calving in all cows, as seen in previous studies (Ber-
nabucci et al., 2004; Duske et al., 2009; Weber et al.,
2013b). Differences in plasma cholesterol before calving
were obviously the consequence of different diets before
calving (far-off, close-up, and lactation diet). Although
diets were not investigated for cholesterol and there
was probably no difference in cholesterol content, cho-
lesterol synthesis might be affected by diet, as seen in
previous studies (Douglas et al., 2007; Duske et al.,
2009).

In conclusion, extended DP length (90 d) was associ-
ated with increased body fatness before calving and
enhanced fat mobilization and pronounced systemic
and hepatic metabolic aberrations during the transition
from pregnancy to lactation. It is hard to speculate
whether greater body condition in 90-d DP cows was a
consequence of low milk yield at the end of lactation or
the other way around. Probably, 90-d DP cows differ in
regulation of nutrient partitioning between the mam-
mary gland and other tissues such as fat and muscle tis-
sue when compared with 28- or 56-d DP cows. Whether
differences in nutrient partitioning are a consequence of
reduced function of the mammary gland or have other
causes cannot be answered by this study and warrant
further investigations. On the contrary, changes in glu-
cose and lipid metabolism were moderate when the DP
was shortened or of traditional length. However, milk
yield in early lactation was not affected by DP length,
but lactation persistency (level of milk production af-
ter peak lactation) seems to be improved in cows with
extended DP. The study emphasize on the importance
of precalving body condition and DP length on milk
performance and metabolic adaptation for consecutive
lactation in dairy cows. A cow-individual DP manage-
ment is probably needed for cows with extended DP
length (e.g., by adaptation of diet) to avoid overcondi-
tioned cows that run into metabolic imbalances during
the transition from pregnancy to lactation.
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