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ABSTRACT: This study evaluated the genetic variation 
in Dry Matter Intake (DMI) at 6 lactation stages over the 
first 24 lactation weeks in a population including Holstein, 
Jersey and Red cows. In total, 830 primiparous cows from 
Sweden and Denmark were included. Genetic parameters 
were estimated based on a linear mixed model. Heritabil-
ity for DMI ranged between 0.16 and 0.35 across lactation 
stages. The lowest repeatability and heritability were 
found during the first 4 weeks of lactation, indicating 
large residual variance and low response to selection for 
DMI from early lactation. Genetic correlations between 
DMI across lactation stages ranged from 0.46 to 0.99. The 
weakest genetic correlation occurred between early and 
mid lactation, indicating a different genetic basis for DMI 
along lactation. A potential difference in genetic variation 
was found between Jersey and the other two breeds, re-
quiring a further study within breed. 
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Introduction 
 

Feed intake of dairy cattle is highly linked to the 
profitability and sustainability of dairy production. Genet-
ic variation of feed intake in dairy cattle has been found 
by several studies (Koenen and Veerkamp (1998); 
Veerkamp (1998); Spurlock et al. (2012)), providing 
potentials for selecting animals efficiently converting feed 
energy into dairy products and potentially with less me-
thane emission. Dry matter intake (DMI) of dairy cattle 
has been studied in several experimental farms with a 
heritability ranging from 0.04 to 0.54 (Koenen and 
Veerkamp (1998);  Veerkamp (1998);  Veerkamp and 
Thompson (1999); Hüttmann et al. (2009); Buttchereit et 
al. (2011); Spurlock et al. (2012); Berry et al. (2013)). 
Difference of heritability across lactation stages has also 
been mentioned in several previous studies (Koenen and 
Veerkamp (1998);  Veerkamp and Thompson (1999); 
Hüttmann et al. (2009); Buttchereit et al. (2011); Berry et 
al. (2007)), while the trajectory of genetic variation across 
lactation stages is still uncertain. In addition, the previous 
estimates were mainly based on Holstein, although genet-
ic variation for feed intake was also detected in Jersey and 
in Red cows (Hooven et al. (1971); Gravert (1985); 
Liinamo et al. (2012)). Liinamo et al. (2012) reported a 
heritability estimate for DMI in Nordic Red (RDC) to be 
around 0.18 to 0.33 across different lactation stages. 

 
The objective of this study was to estimate ge-

netic parameters for DMI in a combined population of 

primiparous Holstein, Jersey and Red cows (RDC) at 6 
lactation stages over the first 24 lactation weeks.  

 
Materials and Methods 

 
Data. The data were from 830 primiparous cows 

including 473 Holstein, 215 Jersey and 142 Red cows 
from dairy research farms of Aarhus University (Foulum, 
Denmark) and the Swedish University of Agricultural 
Sciences (Uppsala, Sweden). The cows were enrolled in 
different experiments and all the cows were fed a total 
mixed ration (TMR) ad libitum. Measurements of DMI 
were recorded for each lactating cow, and a weekly record 
of DMI was based on the average of daily DMI of an 
individual animal. Only records from the first 24 lactation 
weeks were used in this study. A combined pedigree 
consisting of 15731 cows from Sweden and Denmark was 
generated to trace back the ancestry of the studied animals. 

 
Statistical Analysis. Records of DMI from 24 

lactation weeks were divided into 6 lactation stages (Ta-
ble 1). Within each lactation stage of 4 weeks, the pheno-
typic variance components and the repeatability of the 
analysis were estimated using the HPMIXED procedure 
in SAS 9.3 (SAS Institute, Inc., Cary, NC, USA). For 
genetic analysis, the linear mixed model used was: 
 

yijkpq = breedi +herdj +trialk +seasonp  
+animalq +PEq +eijkpq 

 
where y is DMI observations; “herd” and “trial” are fixed 
effects accounting for the different herds and experiments 
where the data originated from; “season” is the fixed 
effect for the season of recording where four seasons 
(spring, summer, autumn and winter) were defined; “ani-
mal” is the random animal additive effect, with the vari-
ance structure N(0, A𝜎!!) where 𝜎!! is the additive genetic 
variance and A is the numeric relationship matrix; “PE” 
represents the random permanent environmental effect, 
with variance structure N(0, I𝜎!"! ). where 𝜎!"!   is the per-
manent environmental variance and I is an identity matrix; 
e is the random residual error, distributed as N(0, I𝜎!!).  
 

Variance components and heritability of DMI 
within each lactation stage were estimated using restricted 
maximum likelihood (REML) by ASReml 3.0 (Gilmour 
et al., 2009). Genetic correlations between DMI across 
lactation stages were estimated by bivariate analysis for 
each correlation in ASReml 3.0 (Gilmour et al., 2009).  In 
addition, the difference in mean DMI between breeds was 
studied by comparing the estimated breed effects.   



Results and Discussion 
 

Repeatability and Heritability. Repeatability 
increased from 0.26 to 0.80 from early lactation to mid 
lactation (Table 1). High repeatabilities were found from 
week 13 to week 24, suggesting a precise measurement 
and estimation of DMI from the mid stage of lactation. 
The low repeatability at the beginning of the lactation was 
due to the large residual variance for DMI in early lacta-
tion, which was consistent with the results from earlier 
studies (Veerkamp and Thompson (1999); Coffey, Simm, 
and Brotherstone (2002);  Berry et al. (2007)). 

 
Heritability for DMI varied across lactation stag-

es, ranging from 0.16 (week 1 to week 4) to 0.35 (week 
17 to week 20) (Table 1). The lowest heritability was 
found at the beginning of lactation, and the heritability in 
later stages were shown to be stable around 0.32 to 0.35 
with a slightly decline at week 13-16. The low heritability 
at week 1-4 indicates this stage as an unfavorable period 
for selection on DMI, while the moderate heritability in 
mid lactation indicates a better possibility for selection. 

 
The heritabilities estimated in this study were in 

agreement with the estimates from earlier studies ranging 
from 0.04 to 0.54 (Koenen and Veerkamp (1998); 
Veerkamp (1998); Veerkamp and Thompson (1999); 
Hüttmann et al. (2009); Buttchereit et al. (2011); Spurlock 
et al. (2012); Berry et al. (2013); Tetens et al. (2014)), and 
from 0.1 to 0.3 in grazing production systems (Berry et al. 
2007). The variable heritability across lactation was also 
mentioned in several previous studies, but with different 
trajectory of the heritability across lactation. Koenen and 
Veerkamp (1998), Veerkamp and Thompson (1999), 
Berry et al. (2007), Spurlock et al. (2012) all confirmed 
low heritability at the beginning of lactation, but found 
highest heritability at different lactation stages. On the 
contrary, Tetens et al. (2014) found high heritability at the 
beginning of lactation.  

 
Genetic Correlations between Different Stages.  

Genetic correlations between DMI at different lactation 
stages were all positive, ranging from 0.46 to 0.99 (Table 
2). The genetic correlation was inversely related to the 
time interval between compared stages, with adjacent 
stages highly related (Table 2). The weakest genetic cor-
relation occurred between week 1-4 and week 20-24, 
suggesting a different genetic basis for DMI between 
early lactation and mid lactation. Thus, selection of effi-
cient animals from early lactation may not generate the 
expected response in later lactation. However, since cer-
tain lactation stages may have higher genetic correlations 
with most of other stages (e.g., week 13-16 in this study), 
selection based on this specific stage could be recom-
mended for better response.  

 
Our results were consistent with previous studies 

which showed low or even negative genetic correlations 
for DMI between early and mid lactation (Koenen and 
Veerkamp (1998); Veerkamp and Thompson (1999); 
Berry et al. (2007); Hüttmann et al. (2009); Buttchereit et 
al. (2011); Tetens et al. (2014)). Tetens et al. (2014) also 

did a GWAS using deregressed EBVs for DMI and found 
stage-specific candidate genes for DMI, which further 
indicated different genes controlling DMI at different 
lactation stages. 

 
However, most of the previous studies were 

based on small dataset, with large standard errors or with-
out available standard errors for parameter estimates. 
International collaboration is needed to increase the pow-
er of estimation for feed intake with larger dataset. 

 
Difference in DMI between breeds. The mean 

DMIs of RDC and JER relative to the mean DMI of HOL 
is shown in Figure 1. According to the result, Jersey 
showed significantly lower DMI than Holstein across all 
lactation stages, while the difference between RDC and 
Holstein was not statistically significant. Whether or not 
this breed difference in mean level of DMI is accompa-
nied by differences in genetic variation for DMI between 
Jersey and the other breeds needs to be further studied. In 
contrast, Holstein and RDC have potentially similar ge-
netic variation for DMI, indicating the possibility of a 
combined study among these two breeds.  
 

 
Figure 1. Relative mean DMIs of Red cows (RDC) and 
Jersey (JER) to the mean DMI of Holstein (HOL) 
across lactation stages. Standard errors of the esti-
mates are shown by error bars.   
 
 

Conclusions 
 

Heritability for DMI varied across lactation stag-
es with moderate estimates from 0.16 to 0.35. The first 4 
weeks of lactation had large residual variance and the 
lowest heritability, indicating low response to selection 
for DMI from early lactation. Genetic correlations be-
tween DMI across lactation stages were inversely related 
to the time interval between compared stages, with adja-
cent stages highly correlated with each other. A weak 
genetic correlation was found between the beginning of 
the lactation and mid lactation, suggesting a different 
genetic basis for DMI along lactation. In addition, the 
potential difference in genetic variation between Jersey 
and the other two breeds requires a further study on DMI 
within Jersey. Larger dataset is needed in order to in-
crease the power of estimation for feed intake, both for 
within breed and between breeds. 
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