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ABSTRACT:	  The energy balance (EB) in the first three 
lactations of Japanese Holsteins were calculated, and the 
genetic parameters of EB were estimated using a multiple-
trait random regression model. EB was negative soon after 
parturition and positive around days in milk (DIM) 60 in all 
parities. Heritability estimates of EB were within the range 
of 0.15–0.25 soon after parturition and highest in the 1st 
parity, particularly during the early stage of lactation. 
Genetic correlations of EB among parities were estimated 
to be within the range of 0.4–0.6 soon after parturition and 
the lowest between the 1st and 3rd parities. Genetic 
correlations between EB and milk yield were negative until 
DIM 75–105. Genetic correlation between EB and SCS in 
the 1st parity was -0.15 soon after parturition. The results of 
the genetic evaluation may help in improving EB of dairy 
cows.  
Keywords: dairy cow; energy balance; random regression 
test-day model 
 
 

Introduction 
 

In the last few decades, the increase in the milk 
yield of dairy cows has resulted in a postpartum energy 
deficit (Hüttmann et al. (2009)). A postpartum energy 
deficit is mainly caused by the inability of feeding (energy 
input) to compensate for the high milk production (energy 
output) during the early stage of lactation (de Vries et al. 
(1999)). A negative energy balance (EB) causes 
reproductive problems, as well as metabolic diseases, 
including ketosis and mastitis (Goff & Horst (1997); 
Collard et al. (2000); Ingvartsen et al. (2003)). Two major 
methods have been proposed for the estimation of EB 
(Friggens et al. (2007)). The first method involves the 
measurement of all energy input (feed intake) and all 
energy output (milk, fetus, and growth). The second method 
involves the measurement of body weight and body 
condition score. However, both methods are not feasible 
under current commercial conditions and the amount of 
data is insufficient to conduct a highly accurate genetic 
evaluation (Coffey et al. (2001)). Milk component traits 
such as fat or protein reflect the energy status of dairy cows 
and can be used as index traits for EB. Friggens et al. 
(2007) developed a multiple regression equation to 
calculate for EB using milk traits. The objective of this 
study was to estimate changes in heritability and genetic 
correlations among parities of EB calculated from milk 
traits in the first three parities of Japanese Holstein cows. In 
addition, we estimated genetic correlations between EB and 

other milk traits, with the goal of improving the EB in dairy 
cows. 

Materials and Methods 
 

Data. The data consisted of test-day milk records 
of Japanese Holstein cows that were collected by the 
Livestock Improvement Association of Japan from 2000 to 
2008. All lactations in the first three parities were from 
days in milk (DIM) 6 to 305 and were required to have a 
minimum of 8 records. Some cows had records from two or 
more parities, and so the data set for analysis consisted of 
604,147 records of 48,360 cows (258,778 records of 28,473 
first parity cows, 201,075 records of 22,235 second parity 
cows, and 144,294 records of 15,901 third parity cows). 
Pedigree data used for the analysis consisted of 86,539 
animals, traced back three generations from cows with 
records. The traits used for the calculation of EB and the 
estimation of genetic parameters included milk yield, milk 
fat content, milk protein content, and somatic cell score 
(SCS). 

Calculation of EB. EB was calculated using the 
following multiple regression equation of Friggens et al. 
(2007): 
EB = 82.4 + 0.065 ∗ DIM + 5.00 ∗MFC − 80.5 ∗ FPR

− 94.4 ∗ diff MY + 1365.8 ∗ diff mPY
+ 200.4 ∗ diff FPR , 

 
where MFC is the milk fat content (%); FPR is the fat to 
protein ratio; MY is the milk yield (kg); mPY is the milk 
protein yield (kg); and diff(trait) is the current minus the 
previous test-day value of the trait per day.  

 
Multiple-lactation analysis. Genetic parameters 

of EB and milk traits were estimated using a multiple-trait 
random regression model, in which the records within and 
between parities were treated as separate traits. The model 
is presented using the following equation: 
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where y!"#$%! is the observation; HTD!"! is the fixed effect 
of the ith herd-test-day; RAS!"#! is the fixed regression 
coefficients of the jth region-age-season subclass of the sth 



trait in the nth parity (2 classes of region; Hokkaido and the 
other regions, 13 classes of the age of months for each 
parity; 20–32 months for the first parity, 33–45 months for 
the second parity, and 46–58 months for the third parity, 4 
classes of seasons; January to March, April to June, July to 
September and October to December) corresponding to the 
mth-order polynomial;  x!!(𝑡) is  the mth-order Legendre 
polynomial coefficients (m = 0–4) and Wilmink’s 
exponential function [exp(－0.05t); m = 5] for DIM t of the 
sth trait; a!"#! is the mth-order additive genetic random 
regression coefficients of the sth trait of the kth animal in 
nth parity; pe!"#!  is the mth-order permanent 
environmental random regression coefficients of the sth 
trait of the lth cow in nth parity; and e!"#$%! is the random 
residual effect. 
 

The Gibbs2f90 program (Misztal (2002)) was used 
to estimate the variance-covariance components. A single 
chain of 100,000 samples was generated, and 50,000 
samples after a burn-in period of 50,000 cycles were used 
to estimate the posterior means of the parameters of the 
model.  

 
Results and Discussion 

 
The calculated EB at DIM 30 was -21.5, -32.4, and 

-33.0 MJ/day in the 1st, 2nd, and 3rd parity, respectively 
(Figure 1). These were positive at DIM 63, 59, and 59, and 
peaked at DIM 97, 64, and 95 in the 1st, 2nd, and 3rd parity, 
respectively. EB in the 1st parity was almost constant after 
the peak, but that in the 2nd and 3rd parities slowly 
decreased in the middle stage of lactation and remained 
constant after DIM 180. EB was lower in the 2nd and 3rd 
parities compared to the 1st parity until DIM 60 when the 
EB was negative and higher after DIM 60 when the EB was 
positive. These changes throughout lactation and 
differences in EB among parities were similar to those that 
were estimated from the energy input and output (de Vries 
et al. (1999); Coffey et al. (2004); Spurlock et al. (2012)), 
thus the calculated EB in this study reflects the energy 
status of the cows. Heritability estimates of EB were 0.25, 
0.17, and 0.15 soon after parturition in the 1st, 2nd, and 3rd 
parity, respectively (Figure 2). These then decreased in all 
parities and were lower than 0.10 at DIM 80, 60, and 46 in 
the 1st, 2nd, and 3rd parity, respectively. These were within 
the range of 0.07–0.12 from DIM 60 to 250, and increased 
again to 0.21, 0.19, and 0.18 at DIM 305 in the 1st, 2nd, 
and 3rd parity, respectively. Hüttmann et al. (2009) 
estimated the heritabilities of EB in the 1st lactation of 
Holsteins using the random regression model as 0.34, 0.18, 
0.06, 0.04, and 0.15 in DIM 11–30, 31–60, 61–90, 91–150, 
and 151–180, respectively. Spurlock et al. (2012) reported 
that the heritability estimates of EB during the 1st to 7th 
lactations of Holsteins using a random regression model 
increased to 0.25 soon after parturition and then decreased 
to less than 0.10 after DIM 90. Changes in heritability 
estimates of EB throughout lactation in our study were 
similar to those of previous studies. Heritability estimates 
of EB were higher in the 1st parity than in 2nd and 3rd 

parities, particularly in the early stage of lactation, with a 
maximum difference of 0.1. Genetic correlations of EB 
among parities soon after parturition were 0.57, 0.60, and 
0.36 between the 1st and 2nd, 2nd and 3rd, and 1st and 3rd 
parities, respectively (Figure 3). These then increased to 
0.97–0.99 around DIM 100 in all combinations. The 
metabolism of primiparous cows differs from that of 
multiparous cows, including the need for partition energy 
resources for growth (Spurlock et al. (2012)). The early 
stage of lactation when a decline in energy balance occurs 
is the most important stage for the improvement of 
metabolic status. These differences in the heritabilities and 
genetic correlations among parities in EB are important to 
determine the model for genetic evaluation. Genetic 
correlations between EB and milk yield were -0.32, -0.18, 
and -0.31 soon after parturition in the 1st, 2nd, and 3rd 
parity, respectively, then increased thereafter. This result 
was similar to the findings of Hüttmann et al. (2009), who 
estimated that the genetic correlation between EB and milk 
yield in DIM 11–30 as -0.20, which was the lowest 
throughout lactation. Cows with high milk yield during the 
early stage of lactation thus often show low metabolic 
statuses genetically. The genetic correlation between EB 
and SCS in the 1st parity was negative (-0.15) soon after 
parturition, which was different from low positive values in 
the 2nd (0.07) and 3rd (0.01) parities. High positive genetic 
correlations between SCS and mastitis were estimated 
(Carlen et al. (2004)), and negative energy balance 
increases the risk of clinical mastitis during the early stage 
of lactation (van Straten et al. (2009)). The results of this 
study suggest that it is possible to improve the energy status 
of cows that are in the early stage of lactation during the 1st 
parity, which in turn may improve udder health. 

 

Figure 1: Predicted energy balance of cows in the 1st, 
2nd and 3rd parities across days in milk (DIM) 
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Figure 2: Heritability of energy balance of cows in the 
1st, 2nd and 3rd parities across days in milk (DIM) 
 

Figure 3: Genetic correlations of energy balance among 
first three parities across days in milk (DIM) 

 
 

Conclusion 
 
The early stage of lactation plays an important role 

in improving metabolic status of dairy cows. We may 
underestimate the energy deficit of primiparous cows by 
using the repeatability model in analyzing multi-lactation 
data of EB. The results of this study show that the multiple 
trait model, in which the records within and between 
parities are treated as separate traits, is appropriate for the 
genetic evaluation of EB. Heritability estimates of EB 
showed intermediate values during the early stage of 
lactation, and thus it is possible to improve EB genetically. 
Heritability estimates of EB in the early stage of lactation 
were higher in the 1st parity compared to the other parities. 
Genetic correlations of EB among parities were low during 
the early stage of lactation. Genetic correlations between 
EB and milk yield or SCS varied across stages of lactation 
or parities. The energy status of dairy cows may thus be 
improved through the application of these results to the 
genetic evaluation of EB. 

 
 
 
 
 
 
 

Literature Cited 
 

Carlén, E., Strandberg, E., and Roth, A. (2004). J. Dairy Sci. 
87:3062-3070. 

Coffey, M. P., Emmans, G. C., and Brotherstone, S. (2001). Anim. 
Sci. 73:29-40. 

Coffey, M. P., Simm, G., Oldham, J. D., et al. (2004). J. Dairy Sci. 
87:4318-4326. 

Collard, B. L., Boettcher, P. J., Dekkers, J. C. M., et al. (2000). J. 
Dairy Sci. 83:2683-2690. 

de Vries, M. J. Van Der Beek, S., Kaal-Lansbergen, L. M. T. E., et 
al. (1999). J. Dairy Sci. 82:1927-1934. 

Friggens, N. C., Ridder, C., and Løvendahl, P. (2007). J. Dairy 
Sci. 90:5453-5467. 

Goff, J. P., and Horst, R. L. (1997). J. Dairy Sci. 80:1260-1268. 
Hüttman, H., Stamer, E., Junge, W., et al. (2009). Animal 3:181-

188. 
Ingvartsen, K. L., Dewhurst, R. J., and Friggens, N. C. (2003). 

Livest. Prod. Sci. 83:277-308. 
Misztal, I., Tsuruta, S., Strabel, T., et al. (2002). Proc 7th 

WCGALP 33:743-744. 
Spurlock, D. M., Dekkers, J. C. M., Fernando, R., et al. (2012). J. 

Dairy Sci. 95:5393-5402. 
van Straten, M., Friger, M., and Shpigel, N. Y. (2009). J. Dairy 

Sci. 92:4386-4394. 
 
 
 
	  

0	  

0.05	  

0.1	  

0.15	  

0.2	  

0.25	  

0.3	  

5	   55	   105	   155	   205	   255	   305	  

He
rit
ab

ili
ty
	  

DIM	  

1st	  parity	  
2nd	  parity	  
3rd	  parity	  

0	  
0.1	  
0.2	  
0.3	  
0.4	  
0.5	  
0.6	  
0.7	  
0.8	  
0.9	  
1	  

5	   55	   105	   155	   205	   255	   305	  

G
en

e8
c	  
co
rr
el
a8

on
s	  

DIM	  

parity1-‐2	  
parity1-‐3	  
parity2-‐3	  


