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Abstract 
The objective of this study was to estimate genetic parameters for feeding behavior and the 
genetic correlations with feed efficiency traits in Holstein cows. Data consisted of 75,877 
daily feeding behavior records of 1,328 Holstein cows in 31 different experiments conducted 
from 2009 to 2020. The statistical model included lactation and days in milk as fixed effects, 
and experiment-treatment, animal, and permanent environment as random effects. Estimates 
of heritability ranged from 0.09 to 0.23 and repeatability from 0.23 to 0.52 for feeding 
behavior, with strong genetic correlations between traits. Feeding rate and intake per visit or 
meal showed positive and strong genetic correlations with residual feed intake, dry matter 
intake, and metabolic body weight. We conclude that cows that eat at a slower rate may be 
more feed efficient. Measures of feeding behavior could be useful indicators of dairy cow 
feed efficiency. 
 
Introduction  
Genetic selection is a powerful tool to improve livestock production, given that genetic gains 
are cumulative and permanent. Genomic technologies allow the inclusion of important 
economic traits that are difficult to measure into breeding programs. Automated feeders, for 
example, enable the evaluation of feed efficiency on an individual animal basis. In addition, 
individual measures of feeding behavior can be assessed using this technology. Interestingly, 
there is evidence that variation in feeding behavior explains part of the variation observed in 
residual feed intake (RFI) in dairy cattle (Connor et al. 2013; Green et al. 2013; Lin et al. 
2013). Although this is a reliable system, it is too expensive for commercial farms. Therefore, 
feeding behavior may be used as an indicator trait for feed efficiency, using less expensive 
wearable sensors or computer vision systems that do not actually measure individual intakes. 
As such, the objective of this study was to estimate genetic parameters for feeding behavior 
traits and genetic correlations of feeding behavior with milk energy, metabolic body weight, 
change in body weight, dry matter intake (DMI), and RFI in US Holstein cows. 
 
Materials & Methods  
Data consisted of 75,877 feeding behavior records of 1,328 (546 primiparous and 782 
multiparous) Holstein cows in 31 experiments from 2009 to 2020 in a freestall facility at 
University of Wisconsin-Madison with a roughage intake control system (RIC; Hokofarm 
Group, Marknesse, Netherlands). Cows were provided ab libitum access to feed and water, 
with the diets formulated to meet or exceed nutrient requirements. The RIC system recorded, 
for each cow, the start and end time of each visit to the feeder and the weight of feed 
consumed during each visit. Using the feeding behavior variables, we also developed a meal 
concept. The meal criterion was calculated by fitting a mixture model of the log10 frequency 
distribution of the intervals between feeder visits (DeVries et al. 2003; Horvath and Miller-
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Cushon 2019). Any interval between feeder visits less than the meal criterion was defined as 
the same meal. The meal criterion derived from this dataset was 26.4 minutes. Descriptive 
statistics for daily records of feeding behavior traits and DMI are shown in Table 1. In 
addition, weekly records of the three energy sinks, namely milk energy, metabolic body 
weight and change in body weight, and DMI were assessed to calculate weekly RFI values. In 
addition to phenotypic records, pedigree information for the last three generations was 
considered in the analyses. 
Genetic parameter estimation was performed in bivariate analyses using the following model: 
y=Xβ+ Z1b+ Z2u+Wpe+e, 
where y is a vector of phenotypic records, β is a vector of fixed effects, b is a vector of 
random block effects of experiment-treatment (60 levels), u is a vector of random additive 
genetic effects, pe is a vector of random permanent environmental effects, and e is the vector 
of random residual effects. Fixed effects included lactation number with 4 levels (1 to 4+) and 
days in milk with 9 levels (grouped by 19 days). Matrices X, Z1, Z2, and W are incidence 
matrices relating y to β, b, u, and pe, respectively. Estimates were obtained using restricted 
maximum likelihood method through the AIREMLF90 software (Aguilar et al. 2018). 
 
Results  
Descriptive statistics for daily records of feeding behavior traits, daily DMI, and their 
heritability and repeatability estimates are shown in Table 1. Heritability estimates for feeding 
behavior traits ranged from 0.09 to 0.23, and for dry matter intake was about 0.12. Most traits 
were highly repeatable across days, with repeatability estimates ranging from 0.23 to 0.52. 
 
Table 1. Descriptive statistics and estimates of heritability (h2) and repeatability (r2) for 
daily feeding behavior and feed dry matter (DM) intake in Holstein cows.  
Traits1 Mean SD h2 ± SE r2 ± SE 
Number of feeder visits per day 35.7 15.6 0.16 ± 0.03 0.52 ± 0.02 
Number of meals per day 7.5 1.75 0.09 ± 0.02 0.23 ± 0.01 
Duration of each feeder visit (minutes) 6.8 2.7 0.16 ± 0.03 0.47 ± 0.02 
Duration of each meal (minutes) 29.4 8.9 0.14 ± 0.02 0.31 ± 0.01 
Total duration of feeder visits per day (minutes) 212.4 55.4 0.16 ± 0.03 0.38 ± 0.02 
Intake per visit (kg of DM) 0.9 0.4 0.16 ± 0.03 0.49 ± 0.02 
Intake per meal (kg of DM) 3.8 1.1 0.13 ± 0.02 0.28 ± 0.01 
Feeding rate per visit (kg of DM per minute) 0.15 0.06 0.11 ± 0.02 0.32 ± 0.02 
Feeding rate per meal (kg of DM per minute) 0.14 0.04 0.23 ± 0.03 0.49± 0.02 
DMI (kg/d) 21.9 5 0.12 ± 0.02 0.31 ± 0.01 
1 DMI: dry matter intake (kg) 
 
Genetic and phenotypic correlations for daily records are depicted in Figure 1. Standard errors 
(SE) of estimates ranged from 0.01 to 0.10 (data not shown). In general, feeding behavior 
measures were strongly genetically correlated. Dry matter intake showed positive and strong 
genetic correlations with feeding rate (0.71 and 0.68), and intake per visit and per meal (0.66 
and 0.88). 
Genetic and phenotypic correlations between feeding behavior traits and milk energy, 
metabolic body weight, change in body weight, dry matter intake, and RFI, measured as 
averages by week, are depicted in Figure 2. The SE of estimates ranged from 0.03 to 0.14 
(data not shown). Our results showed that some feeding behavior traits were strongly 
genetically correlated with RFI, and/or with the traits considered in the equation to calculate 
RFI. Only body weight change was not significantly associated with feeding behavior. 



 
Figure 1. Genetic correlations (above diagonal) and phenotypic correlations (below 
diagonal) between daily feeding behavior traits and DMI in lactating Holstein cows. 
 
Discussion 
Heritability estimates indicated that a significant proportion of phenotypic variance is 
explained by additive genetic effects, such that feeding behavior could be incorporated into 
genetic selection schemes. Higher heritability estimates have been reported for feeding 
behavior in dairy and beef cattle, but those studies used weekly averages (or longer), rather 
than daily records (Benfica et al. 2020.; Lin et al. 2013; Olson et al. 2020). Genetic 
correlations among feeding behavior traits showed that, with more visits or more meals per 
day, cows spend less time at each feeder or meal, with a lower intake per visit or meal. 
Genetic correlations between feeding rate and RFI (0.47 and 0.43) suggest that selection of 
animals that eat at a slower rate will also tend to select efficient animals with lower RFI. 
Feeding rate was strongly associated with DMI and metabolic body weight, both genetically 
and phenotypically. The same pattern was observed for intake per visit and intake per meal, 
indicating that cows with greater DMI per visit or meal tend to be less efficient genetically 
(greater RFI, milk energy, metabolic body weight, and total DMI). Studies reporting genetic 
correlations between feeding behavior and RFI are limited in lactating dairy cows, though Lin 
et al. (2013) observed a moderate genetic correlation between feeding duration and RFI (0.27) 
and a negligible correlation between feeding rate and RFI in dairy heifers. Overall, the results 
of this study suggest that dairy cows with slower feeding rates and smaller intakes per visit or 
meal are more feed efficient (lower RFI). Therefore, feeding behavior could be implemented 
into genetic selection programs as indicators of feed efficiency, which would increase 
selection accuracy for RFI. 
 



 
Figure 2. Genetic correlations and phenotypic correlations between weekly averages for 
feeding behavior and feed efficiency in lactating Holstein cows. 
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