
Animal (2009), 3:2, pp 181–188 & The Animal Consortium 2008
doi:10.1017/S175173110800325X

animal

Analysis of feed intake and energy balance of high-yielding first
lactating Holstein cows with fixed and random regression models
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At the dairy research farm Karkendamm, the individual roughage intake was measured since 1 September 2005 using a computerised
scale system to estimate daily energy balances as the difference between energy intake and calculated energy requirements for
lactation and maintenance. Data of 289 heifers with observations between the 11th and 180th day of lactation over a period of
487 days were analysed. Average energy-corrected milk yield, feed intake, live weight and energy balance were 31.8 kg, 20.6 kg,
584 kg and 13.6 MJ NEL (net energy lactation), respectively, per day. Fixed and random regression models were used to estimate
repeatabilities, correlations between cow effects and genetic parameters. The resulting genetic correlations in different lactation
stages demonstrate that feed intake and energy balance at the beginning and the middle of lactation are genetically different traits.
Heritability of feed intake is low with h250.06 during the first days after parturition and increases in the middle of lactation,
whereas the energy balance shows the highest heritability with h250.34 in the first 30 days of lactation. Genetic correlations
between energy balance and feed intake and milk yield, respectively, illustrate that energy balance depends more on feed intake
than on milk yield. Genetic correlation between body condition score and energy balance decreases rapidly within the first 100 days
of lactation. Hence, to avoid negative effects on health and reproduction as consequences of strong energy deficits at the beginning
of lactation, the energy balance itself should be measured and used as a selection criterion in this lactation stage. Since the number
of animals is rather small for a genetic analysis, the genetic parameters have to be evaluated on a more comprehensive dataset.
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Introduction

In the last few decades, milk yield has been the dominating
selection criterion and has still the highest average emphasis
in most current breeding objectives (Miglior et al., 2005). The
genetic correlation between milk yield and feed intake is
reported to be in a range from 0.46 to 0.65 (Veerkamp, 1998).
This suggests that correlated response in feed intake cannot
compensate the increased energy requirements, especially at
the beginning of the lactation. As the resulting enlargement of
the negative energy balance post partum is assumed to be the
reason for the increase of health problems and the delayed
beginning of luteal activity (Veerkamp, 1998; Buckley et al.,
2000; Collard et al., 2000; de Vries and Veerkamp, 2000; Lucy,
2001; Royal et al., 2002), feed intake or energy balance should
be considered in breeding programmes (Veerkamp et al.,
2000; Coffey et al., 2001, 2002 and 2003). Measuring of feed
intake of bull dams is only practicable in a nucleus breeding
scheme (Simm et al., 1991), because of the high costs to
sample individual feed intake data on commercial farms.

Therefore, a scales system weighing the individual
roughage intake has been installed at the dairy research
farm Karkendamm (University of Kiel), where the individual
performance test of bull dams of a German breeding
company is located.

As the general basis for the implementation of feed intake
or energy balance traits in breeding programmes, the objective
of this investigation is the estimation of genetic parameters
of the Karkendamm population with the intent to find out
which trait should be used as a selection criterion. As traits
related to the energy balance might have a different genetic
background at different stages of lactation, the genetic var-
iation of these traits should be investigated as a function of
the lactation stage (Koenen and Veerkamp, 1998; Veerkamp
and Thompson, 1999). Therefore, the use of random regres-
sion methods is recommended to analyse the relationships
between these traits within the course of lactation.

At a later date when significantly more data will be
available, estimation of the relationships between milk
yield, feed intake, energy balance and disease liability
should be realised.- E-mail: wjunge@tierzucht.uni-kiel.de
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Material and methods

Data
The data originate from 289 Holstein heifers descending from
92 sires. In consideration of the bull dam performance test of a
German breeding company on the research farm Karkendamm,
only records of first lactating cows between the 11th and the
180th day of lactation have been analysed. The cows were fed
a total mixed ration ad libitum twice daily consisting mainly of
corn silage, grass silage, concentrates, soybean meal and
minerals (Table 1). Additionally, the cows had the possibility of
taking in fixed amounts of concentrates at the concentrate
feeders. Dry matter content of the ration was determined
twice weekly and nutritive values were analysed by monthly
samples of the components. The total mixed ration con-
tained 7.2 MJ NEL (net energy lactation)/kg DM on average.
The individual feed intake has been measured automati-
cally since 1 September 2005 in addition to the routinely
recorded data (Table 2).

Daily energy balance (MJ NEL/day) was calculated as the
difference between energy intake and estimated energy
requirements for milk production and maintenance costs as
a function of live weight. A summary of the analysed data is
given in Table 3. The lower numbers of observations of live
weights and energy balances result from the delayed
installation of the animal automatic weighing system in the
passageway behind the milking parlour.

Modelling data
The daily observations were analysed with both fixed and
random regression models considering the fixed effects test
day and calving age and correcting for stage of lactation
according to Ali and Schaeffer (1987). Calving age ranged
from 22 to 36 months. In contrast to months 26, 27 and 28
of calving age, there were low frequencies of observations
outside this interval. Therefore, the calving age was divided
into five classes (22 to 25, 26, 27, 28 and 29 to 36) for the
statistical analysis. The significance of fixed effects was
tested using the F-test using the procedure MIXED in the
SAS-package (SAS, 2005). Potential outliers were identi-
fied and variance homogeneity was checked by plotting

the standardised residuals against the predicted values.
Variance components were estimated bi- and univariately
by the restricted maximum likelihood (REML) using the
software package VCE-5 (Kovaĉ et al., 2002) with the fixed
and random regression models.
Fixed regression model:

yijklm ¼ TDiþCAjþ
X4

n¼1

bnxijklmnðdÞþpkþalþeijklm

ð1Þ

with yijklm 5 observation of energy-corrected milk yield, dry
matter intake, live weight, energy balance or body condition
score, TDi 5 fixed effect of test day (i 5 1 to 487 for energy-
corrected milk yield and dry matter intake, i 5 1 to 296 for live
weight and energy balance, i 5 1 to 16 for body condition
score), CAj 5 fixed effect of the calving age class (j 5 1 to 5),
bn 5 fixed regression coefficients on the lactation day d with

xijklm0ðdÞ ¼ 1; xijklm1ðdÞ ¼
d

305
; xijklm2ðdÞ ¼

d

305

� �2

;

xijklm3ðdÞ ¼ ln
305

d
and xijklm4ðdÞ ¼ ln

305

d

� �2

:

Table 1 Diet composition (% DM)

Corn silage Grass silage Soybean meal Pressed pulps Concentrates Straw

Period
01.09.05 to 26.09.05 45.3 21.9 14.4 8.3 7.3 2.8
27.09.05 to 13.10.05 41.2 17.1 13.4 8.1 18.3 1.9
14.10.05 to 26.01.06 40.6 17.7 13.4 – 26.4 1.9
27.01.06 to 24.03.06 42.4 18.2 12.5 – 25.0 1.9
25.03.06 to 03.04.06 42.9 17.3 12.6 – 25.3 1.9
04.04.06 to 13.04.06 44.3 18.1 12.8 – 23.0 1.8
14.04.06 to 26.04.06 43.6 18.0 12.8 – 22.9 2.7
27.04.06 to 01.10.06 43.0 18.8 12.4 – 23.1 2.7
02.10.06 to 31.10.06 43.4 18.7 12.3 – 22.9 2.7
01.11.06 to 31.12.06 44.4 19.4 11.3 – 22.2 2.7

Table 2 Recorded data at the dairy research farm Karkendamm

Parameter Recording frequency

Milk yield (marketable) Each milking
Milk solids Weekly

Fat (%), protein (%)
SCC and urea content

Live weight Each milking
Concentrate intake Each visit at the concentrate feeder
TMR intake Each visit at the feeding trough
Activity 24-h observation
Reproduction (calving,
insemination, etc.)

24-h observation

Health (all treatments
of diseases)

24-h observation

Body condition score Monthly

SCC 5 somatic cell count; TMR 5 total mixed ration.
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pk 5 random permanent environmental effect of animal k,
al 5 random additive genetic effect of the cow (l 5 1 to 265
for the energy-corrected milk yield, l 5 1 to 258 for the
dry matter intake, l 5 1 to 184 for the live weight, l 5 1 to
172 for the energy balance and l 5 1 to 259 for the body
condition score) and eijkl 5 random error.
Random regression model:

yijklm¼TDiþCAjþ
X4

n¼1

bnxijklmnðdÞþ
X4

n¼0

pknxijklmnðdÞ

þ
X4

n¼0

alnxijklmnðdÞþeijklm: ð2Þ

This model is similar to the fixed regression model [1]. It
differs from the first model in the permanent environmental
and additive genetic random effects; these are modelled by
regressions with five coefficients according to Ali and
Schaeffer (1987). Analysing the body condition score, this
random regression model does not converge because the
number of observations per cow is low with 3.72 on
average. Hence, the regression coefficients have been
reduced to monomials of second degree with

xijklm0ðdÞ ¼ 1; xijklm1ðdÞ ¼
d

305
and

xijklm2ðdÞ ¼
d

305

� �2

:

Results

The residuals of all traits showed a normal distribution and
the plots of the standardised residuals against the predicted
values confirmed the variance homogeneity as a precondi-
tion of using linear models.

The computed lactation curves (Figures 1 and 2) demon-
strate the expected delay in the increase of feed intake at
the beginning of lactation. While the milk yield already
reaches the peak about the third week after calving, the dry
matter intake still increases till the 70th day of lactation,
then it remains on a level of about 20 kg dry matter intake

per day. Energy requirements are not met by energy intake,
resulting in a negative energy balance until the 42nd day
of lactation.

Although the heifers are in a negative energy balance,
they are beginning to gain weight after the 28th day of
lactation while the minimum of body condition score occurs
about the 75th day of lactation.

The heritabilities and genetic correlations between the
traits estimated with the fixed regression model [1] are pre-
sented in Table 4. The large s.e. of the genetic parameters are
caused by the low number of animals. Heritabilities range

Table 3 Means, standard deviations (s.d.) and ranges of values (Min., Max.)

Trait N Mean s.d. Min. Max.

Day of lactation 33 073 94 49 11 180
Milk yield (kg/day) 30 595 34.3 5.6 4.0 58.3
Fat (%) 4369 3.57 0.65 1.57 7.76
Protein (%) 4388 3.25 0.25 2.38 4.13
ECM (kg/day) 26 389 31.8 5.0 5.2 51.5
Dry matter intake (kg/day) 27 642 20.6 4.4 6.2 38.2
Live weight (kg/day) 17 716 584 50 404 771
Energy balance (MJ NEL/day) 14 101 13.6 33.8 2114.0 144.2
Body condition score 1074 3.07 0.29 2.20 3.80

ECM 5 energy corrected milk (4% milk fat and 3.4% milk protein).
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Figure 1 Dry matter intake, milk yield and energy balance over the
course of lactation (random regression model [2]).
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Figure 2 Live weight and body condition score over the course of
lactation (random regression model [2]).
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from h2 5 0.07 for the energy balance to h2 5 0.53 for the
body condition score. The additive genetic correlations vary
between rg 5 20.48 and rg 5 0.65. The strongest additive
genetic correlation exists between the dry matter intake and
the milk yield. It has to be noted that in half of the cases, the
results presented are not significantly different from zero.

The results for the estimation of the variance components
with the random regression model [2] are shown in Tables 5
and 6 for different stages of lactation. It should be noted
that no s.e. are available. The correlations of the traits
milk yield, live weight and condition score decline slightly
from near-unity between adjacent observations to rg 5 0.85

Table 4 Heritabilities (diagonal) and genetic correlations (above diagonal) between the daily traits energy corrected milk
yield (ECM), dry matter intake (DMI), live weight (LW), energy balance (EB) and body condition score (BCS) (fixed regression
model [1])

ECM DMI LW EB BCS

ECM 0.23 (0.09) 0.65 (0.17) 20.36 (0.53) 20.26 (0.33) 20.11 (0.20)
DMI 0.10 (0.05) 20.41 (0.45) 0.56 (0.24) 20.48 (0.22)
LW 0.17 (0.08) 20.21 (0.16) 0.60 (0.08)
EB 0.07 (0.04) 0.33 (0.13)
BCS 0.53 (0.02)

s.e. in parentheses.

Table 5 Heritabilities (diagonal, bold) and additive genetic correlations traits (above diagonal) between different stages of
lactation for the analysed traits

Day of lactation 11 to 30 31 to 60 61 to 90 91 to 120 121 to 150 151 to 180

Energy corrected milk yield (kg ECM/day)
11 to 30 0.47 0.95 0.79 0.73 0.77 0.85
31 to 60 0.24 0.95 0.90 0.91 0.90
61 to 90 0.22 0.99 0.97 0.89
91 to 120 0.24 0.98 0.90
121 to 150 0.28 0.96
151 to 180 0.31

Dry matter intake (kg DM/day)
11 to 30 0.06 0.88 0.65 0.40 0.29 0.30
31 to 60 0.11 0.87 0.64 0.61 0.67
61 to 90 0.11 0.94 0.90 0.70
91 to 120 0.11 0.97 0.63
121 to 150 0.11 0.76
151 to 180 0.12

Live weight (kg/day)
11 to 30 0.45 0.94 0.86 0.78 0.74 0.76
31 to 60 0.41 0.98 0.93 0.90 0.91
61 to 90 0.31 0.99 0.97 0.97
91 to 120 0.26 1.00 1.00
121 to 150 0.26 1.00
151 to 180 0.31

Energy balance (MJ NEL/day)
11 to 30 0.34 0.99 0.67 0.02 20.16 0.17
31 to 60 0.18 0.76 0.14 20.13 0.06
61 to 90 0.06 0.73 0.24 20.24
91 to 120 0.04 0.34 20.20
121 to 150 0.04 0.52
151 to 180 0.15

Body condition score (BCS)
11 to 30 0.64 1.00 0.99 0.98 0.96 0.93
31 to 60 0.58 1.00 0.99 0.98 0.95
61 to 90 0.60 1.00 0.99 0.97
91 to 120 0.60 1.00 0.98
121 to 150 0.51 0.99
151 to 180 0.38
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(milk yield), rg 5 0.76 (live weight) and rg 5 0.93 (body
condition score) between observations at the beginning of
lactation and the 180th day in milk.

The genetic correlations of daily dry matter intake and
daily energy balance follow a slightly different pattern from
that of the other considered traits. The decrease of genetic
correlations is more distinctive with increase in time inter-
vals between the observations. Correlations between early
and mid lactation are low with rg 5 0.30 and 0.17 for dry
matter intake and energy balance, respectively.

The additive genetic correlations between the considered
traits at different stages of lactation are shown in Table 6.
There are moderate positive correlations between milk
yield and dry matter intake at the beginning of lactation,
whereas the correlations between milk yield and other
analysed traits are low and negative. The genetic relation-
ships between dry matter intake and live weight or body
condition score, respectively, are low after calving and they
increase towards the end of lactation while the dry matter
intake is highly correlated with the energy balance until the
180th day of lactation. As the body condition score is highly
correlated with the live weight over this period, there is
only a strong relationship between the body condition score
and the energy balance at the beginning of lactation, which
shows a distinctive decrease after the 60th day of lactation.

Discussion

Under the precondition that a negative energy balance,
especially at the beginning of lactation, leads to more fragile
cows, the aim of this study was the estimation of genetic
parameters of milk yield, feed intake, live weight, energy
balance and body condition score with random regression
methods to find out whether the energy balance itself should
be included into breeding programmes or whether there is
another trait describing the energy balance in an appropriate
way, which is not as costly to record as the energy balance.

The effects of the existent performance test of bull dams
at the dairy research farm Karkendamm are reflected in the
performance data and the structure of the herd. The per-
centage of first lactating heifers is high with 79%. Hence,
higher lactating cows are not included in the analysis.

The trajectories of the mean lactation curves, given in
Figures 1 and 2, are very similar to those reported in the
literature (Veerkamp and Thompson, 1999; de Vries and
Veerkamp, 2000; Coffey et al., 2001; Banos et al., 2005;
Beerda et al., 2007). Surprisingly, the heifers start gaining
weight on the 30th day of lactation although they are still in
a negative energy balance till the 42nd day in milk. Several
reasons can be given as explanations for this time lag.

Firstly, the increasing feed intake at the beginning of
lactation causes a higher gut fill, masking the changes in
the live weight. Hence, the loss of live weight could not
be used as an indicator of negative energy balance (Kertz
et al., 1991; Yan et al., 2003).

Secondly, in situations of lipomobilisation, the intracellular
fat is partially substituted by water (Ferrell and Jenkins, 1984;
Robinson, 1986; Chestnutt, 1987) and fat is predominantly
used for the mobilisation of body energy (Gibb et al., 1992).
Thirdly, several authors noticed that cows in negative energy
balance can realise a protein retention (Tamminga et al., 1997;
Sutter and Beever, 2000) combined with a water retention at
a ratio of 1 : 3.4 (Tamminga et al., 1997). Against the back-
ground that the first lactating heifers are not yet full-grown,
there seems to be an anabolic effect due to the mentioned
reasons. However, it must be considered that there is a certain
bias in the estimation of daily energy balances.

The continuing growth of the heifers could be the reason
for the delayed nadir of the body condition compared with
the curve of the live weight. The decreasing body condition
associated with increasing body weights (BWs) in this study
is consistent with the results reported by Coffey et al. (2001,
2002 and 2003) and McCarthy et al. (2007). Evidently the
growth of the heifers has a stretching effect that leads to
a lower body condition score.

The estimation of genetic parameters was conducted
with random as well as fixed regression methods to facil-
itate the comparability with traditional investigations using
fixed regression methods. In doing so, it is assumed that the
evaluated trait is uniformly expressed during the period of
observation. Since this is not the case for all traits, random
regression methods should be preferred to fixed regression
methods when daily observations are available (Veerkamp
and Thompson, 1999; Ammon and Spilke, 2004).

Table 6 Genetic correlations between the analysed traits within stage of lactation

Stage of lactation traits 11 to 30 31 to 60 61 to 90 91 to 120 121 to 150 151 to 180

Milk yield – dry matter intake 0.44 0.42 0.66 0.90 0.93 0.82
Milk yield – live weight 20.38 20.41 20.31 20.15 20.06 20.04
Milk yield – energy balance 20.20 20.04 20.01 20.01 20.02 20.03
Milk yield – body condition score 20.23 20.14 20.22 20.42 20.64 20.80
Dry matter intake – live weight 0.17 0.03 0.16 0.34 0.42 0.42
Dry matter intake – energy balance 0.79 0.94 0.95 0.85 0.73 0.69
Dry matter intake – body condition score 0.01 0.16 0.09 20.13 20.31 20.43
Live weight – energy balance 20.24 20.18 20.11 20.06 20.02 0.00
Live weight – body condition score 0.54 0.66 0.77 0.87 0.91 0.89
Energy balance – body condition score 0.61 0.67 0.36 0.19 0.04 20.10
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The heritabilities resulting from the fixed regression
model are not totally consistent in magnitude with those
reported in the literature (Veerkamp, 1998; Veerkamp and
Thompson, 1999; Veerkamp et al., 2000; Coffey et al.,
2002; Karacaören et al., 2006; Dechow and Norman, 2007).
For example, the heritabilities of feed intake, milk yield, live
weight and energy balance are lower than commonly
assumed. This might be the consequence of the ongoing
breeding programme located at the research farm Karken-
damm. A comparison of the performance data of the pre-
sent investigation with the material analysed by Veerkamp
and Thompson (1999), Veerkamp et al. (2000), Karacaören
et al. (2006) and Dechow and Norman (2007) shows the
high genetic merit of the herd at Karkendamm. Hence, this
could explain the lower heritabilities as a result of lower
genetic variation.

Six stages of lactation have been defined with a mean
duration of 30 days to analyse the course of the herit-
abilities with progressing lactation with the random
regression model. It is hard to expect a close correspon-
dence between the results in this study with other reported
genetic parameters, because especially traits like dry matter
intake, BW or energy balance are predominantly estimated
from experimental farm data sets with small sample sizes
(van Elzakker and van Arendonk, 1993; Veerkamp, 1998;
Coffey et al., 2001; Karacaören et al., 2006). Additionally,
the varieties in the number of observed animals, perfor-
mance levels, lactation stages, feeding systems and statis-
tical methodologies cause differences in the obtained
estimates of genetic parameters and complicate the com-
parison with other studies.

The trajectory of the heritability of the dry matter intake
over the lactation estimated in the present study (Table 5) is
similar to the one found by Berry et al. (2007) on grazing
cows. An increase of the heritability to a maximum around
the 110th day in milk as mentioned by Koenen and Veer-
kamp (1998) and Karacaören et al. (2006) has not been
identified as well as the decline of the heritability of the
feed intake as published by Coffey et al. (2001) and van
Elzakker and van Arendonk (1993) could not be confirmed.

For the energy balance, we noticed a decreasing herit-
ability with an increasing stage of lactation. This trajectory
differs from those found by Svendsen et al. (1994) and
Berry et al. (2007), who observed increasing heritabilities. It
has to be noted that a comparison with the cited studies is
difficult. Svendsen et al. (1994) used another definition of
the energy balance. In the study of Berry et al. (2007), who
estimated the food intake of grazing cows in Ireland, a
totally different system of livestock farming (feeding
regime, housing) was analysed.

The genetic correlations between different lactation
stages within trait (Table 5) tend to decline with increasing
time intervals between the observations, especially for the
traits dry matter intake and energy balance, where low
genetic correlations of ra 5 0.30 and 0.17, respectively,
have been estimated between the beginning and the
middle of lactation. However, the corresponding correlations

for live weight, milk yield and especially for body condition
score are still very high. These genetic relationships confirm
the investigations of Koenen and Veerkamp (1998), Veer-
kamp and Thompson (1999) and Coffey et al. (2001),
except for the high correlations within the body condition
score. Coffey et al. (2001) noticed a clear decline between
body condition scores of different lactation stages with
an increasing time interval between the observations. This
non-conformity may be caused by the low number of
observations of the body condition.

The weak genetic correlations between the beginning
and the middle of lactation of the feed intake and the
energy balance imply that different genes influence these
traits in the progress of lactation. The investigations of
Coffey et al. (2001) show an increase of the genetic cor-
relations between the feed intake at the beginning of lac-
tation and observations after the 190th day in milk. Coffey
et al. (2001) assume that this could be the effect of nutrient
partitioning at the beginning and at the end of lactation.
Maybe the same genes are responsible for the allocation of
the highest priority in the nutrient partitioning to the born
or unborn calf.

The genetic correlations resulting from the fixed regression
model [1] have high s.e. because of the small dataset. They
indicate a higher relationship between the energy balance
and the feed intake than between the energy balance and the
milk yield as mentioned by Villa-Godoy et al. (1988), Zurek
et al. (1995) and Veerkamp et al. (2000).

The development of the genetic correlations between the
traits in progress of lactation was analysed with the random
regression model [2]. There are little similarities regarding
the investigations of Veerkamp and Thompson (1999)
and Karacaören et al. (2006), and it is actually difficult to
recognise a common trend in the published genetic corre-
lations between different traits in the progress of lactation.

The genetic correlations between dry matter intake and
milk yield at the beginning of lactation confirm the increase
of the negative energy balance in the case of exclusive
breeding of milk yield. The high heritability of the energy
balance at the beginning of lactation emphasises the inte-
gration of the energy balance in the selection decisions;
however, the high costs to collect the energy balance data
must be taken into consideration. Hence, it could be inter-
esting to use other traits that are easier to record and highly
correlated with the energy balance for the indirect selection
against increasing energy deficits at the beginning of lac-
tation. In this important lactation stage, the energy balance
is highly correlated with the dry matter intake and the body
condition score, respectively. Selecting on body condition
score would be easier to realise and nationally recorded
data could be used; however, as a consequence of the high
correlations between body condition score and live weight
and the well-known relationship between live weight and
body height, this could lead to an undesirable growth of the
cows. The use of the dry matter intake as an indirect
selection trait for lower energy deficits after calving is
detrimental because of the low heritability at this lactation
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stage. Thus, an indirect selection against high-energy defi-
cits cannot be recommended and the energy balance itself
should be used as a selection criterion at the beginning
of lactation.

Therefore, breeding programmes with a performance test
of the bull dams on station are necessary, because the mea-
surement of the individual feed intake on commercial farms is
unfeasible (Persaud et al., 1991; Simm et al., 1991) and there
is no agreement in the literature about the possibility to
predict the individual feed intake based on behavioural traits
(Stamer et al., 2000; Kaufmann et al., 2007).

Owing to the fact that no genetic correlations have been
published between health traits and energy balance traits
as defined by Collard et al. (2000), an analysis of this
matter is intended with a prospective dataset of an ongoing
project.

Meanwhile, possibly other traits should be considered
as alternative approaches for a selection on the metabolic
stability of ruminants. In this context, Franzolin and Dehority
(1996) found some animals with high ruminal pH although
these were fed extreme concentrate-high diets. However, the
direct and continuous measurement of the ruminal pH is not
yet practicable in a greater extent under conditions of pro-
duction. Hence, other traits related to ruminal pH, for example
the passage rate, the ruminating activity or the salivary
production, should be taken into account.

Conclusions

The energy balance seems to be under control of different
genes, which are activated at different stages of lactation.
Hence, energy balance should be analysed by random
regression techniques. The resulting heritability of h2 5 0.34
at the beginning of lactation enables the direct selection for
higher energy balances. However, the practical implementa-
tion in breeding programmes cannot be recommended
because of the high s.e. as a result of the limited dataset and
the missing knowledge about genetic relationships between
energy balance traits and health traits. Therefore, this study
will be evaluated at a later date on an increased dataset
paying attention to these genetic relationships.
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