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Introduction 
Despite feed efficiency being a complex and costly trait to measure, in the last decade it became 

an important economic parameter incorporated into several breeding programs (van Staaveren 

et al., 2022). However, the limited amount of available data still makes it difficult to conduct 

multitrait genetic analysis of related traits to estimate the consequences of selecting for 

improved feed efficiency. The CFIT system is a 3D camera-based cow recognition technology 

that automatically predicts body weight when a cow leaves the milking unit and measures 

individual feed intake (Lassen et al., 2023) and feeding behavior (including visit duration and 

frequency) at the feed bunk. The system is based on top-down Microsoft Kinnect v2 cameras 

using “time-of-flight” technology and the feed intake, animal recognition and body weight 

algorithms are based on AI modelling using Convoluted Neural Network algorithms (He et al., 

2018). Earlier studies suggest there exists a relationship between feed efficiency and certain 

eating behavioral traits (Cavani et al., 2022). Such studies are conducted in research facilities 

under continuous personal surveillance, providing precise measures of feed intake and 

behavior, but the drawback is that the majority of records come from animals enrolled in 

nutritional trials. Therefore, such results might not fully represent feeding behavior in 

commercial settings. Currently the CFIT system is implemented at 30 commercial farms in 

Denmark, providing continuous data collection from the dairy breeds Holstein, Jersey and Red 

Dairy Cattle. The aim of this study was to estimate genetic and phenotypic correlations between 

feed efficiency, production and behavioral traits using data from CFIT system.  

 

Materials & Methods 
No ethical approval was required, as the study was conducted under standard herd management 

practices without animal interventions. 

 

Data and editing. Feed intake and body weight measured by the CFIT system (Lassen et al., 

2023), with a total of 2.3 mio visits at feeding table with feed intake measured and 

corresponding milk and daily body weight records, were collected in the period from October 

2024 to October 2025. This includes data from all lactations from 8,286 Holstein (HOL), 5,043 

Red Dairy Cattle (RDC) and 5,035 Jersey (JER) cows at 30 commercial herds. CFIT records 

for feed intake were expressed as daily sum, whereas body weight measures were shown as 

weekly averages based on daily data (Lassen et al., 2023). Only biologically meaningful data 

(feed intake records between 10 and 100 kg and body weight records between 300 and 1000 

kg) were used. However, the eating behavior traits were calculated for all feed intake records. 

Three behavior traits were defined and estimated based on the feed intake data: number of 

meals (in this study arbitrarily defined as number of meals per day not interrupted by a break 

of more than 15 minutes), eating time (hours of eating per day) and eating speed (kg of feed 

eaten per hour). Milk production data was obtained from the national milk recording system in 
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Denmark and Energy corrected milk (ECM) was calculated according to Sjaunja et al. (1990). 

Feed efficiency was calculated as kg of ECM per kg of feed intake. 

 

Modelling. Data was analyzed using breed-specific bivariate repeatability animal models in 

the DMU software (Madsen & Jensen 2013): 

y = Xb + Za + Wpe + e 

where y is the vector of phenotypes (feed intake, number of meals, eating time, eating speed, 

feed efficiency, body weight and (ECM)) in different weeks of lactation; b is the fixed effects 

for fixed class effect of herd, lactation and month and a fixed regression of age at calving and 

squared age at calving as well as a fixed regression of weeks in milk and a squared regression 

of weeks in milk; a is the vector of random additive genetic effects; pe is the vector of random 

permanent environmental effects; and e is the vector of random residual effects. The matrices 

X, Z, and W are the appropriate design matrices. Heritabilities were averages across bivariate 

analysis. 

 

Results 

Mean and standard deviation (std) were shown in table 1. Feed intake was highest for HOL 

(61.8 kg/day) and lowest for JER (51.3 kg/ day). The same pattern was shown for body weight 

(689 kg for HOL and 480 kg for JER) and ECM (39.2 kg ECM per day for HOL and 33.4 kg 

ECM per day for JER). The phenotypic difference in the eating behavioral traits was relatively 

limited though HOL were always highest and JER lowest except for eating time. Standard 

deviations were at the same level within trait across breeds.  

 

Table 1. Mean and standard deviation (in brackets) for feed intake, number of meals, eating 

time, eating speed, feed efficiency, body weight, energy corrected milk, lactation number and 

days from calving (ECM) in HOL, JER and RDC. 

Trait Unit HOL JER RDC 

Feed intake Kg 61.8 (11.1) 51.3 (9.3) 59.2 (10.7) 

Number of meals  13.2 (3.2) 11.3 (2.9) 12.4 (3.0) 

Eating time Hours spent 

eating 

4.32 (1.84) 4.21 (1.65) 4.12 (1.76) 

Eating speed Kg feed eaten 

per hour 

14.3 (3.3) 12.2 (2.9) 14.4 (3.2) 

Feed efficiency Kg ECM / Kg 

feed 

0.63 (0.11) 0.65 (0.12) 0.61 (0.09) 

Body weight Kg 689 (86.5) 480 (58.9) 634 (82.4) 

ECM Kg 39.2 (8.6) 33.4 (6.7) 36.3 (7.4) 

Lactation nr  3.1 (0.7) 3.0 (0.6) 3.2 (0.6) 

Days from 

calving 

Days 203 (45) 192 (52) 207 (59) 

 

Heritability estimates across breeds were low to moderate for all traits, ranging from 0.16 for 

eating speed to 0.65 for body weight (Table 2). For both heritability estimates and genetic 

correlations there is a high degree of stability within trait and trait combination across breeds. 

The genetic correlation structure (rg in parenthesis) indicated that feed efficient cows have more 

meals (0.20-0.25), eat for a shorter time (-0.10 to -0.14) and lower eating speed (-0.21 to -0.30. 

Heavy cows have far fewer daily meals (-0.35 to -0.43) but limited positive relationship with 

eating speed (0.12 to 0.21), lower number of meals (-0.35 to -0.43) but hardly any relationship 

to efficiency (-0.08 to -0.12). Cows with high feed intake were less efficient (-0.39 to -0.44), 

high yielding (0.25 to 0.31), heavy (0.43 to 0.54) and eat for a long time (0.35 to 0.47) but 
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rather slowly (-0.10 to -0.17). All residual correlations were numerically close to zero ranging 

from -0.12 to 0.08. 

 

Table 2. Heritabilities (diagonal), genetic (upper triangle) and residual (lower triangle) 

correlations for feed intake, number of meals, eating time, eating speed, feed efficiency, body 

weight and energy corrected milk (ECM) in HOL (first line), JER (second line) and RDC (third 

line). Standard errors for genetic correlations were below 0.06 and standard errors for residual 

correlations were below 0.01. 

 Feed 

intake 

Number 

of meals 

Eating 

time 

Eating 

speed 

Feed 

efficiency 

Body 

weight 

ECM 

Feed 

intake 

0.33 

0.31 

0.27 

-0.06 

0.02 

-0.03 

0.47 

0.35 

0.42 

-0.17 

-0.12 

-0.10 

-0.44 

-0.42 

-0.39 

0.49 

0.43 

0.54 

0.31 

0.25 

0.29 

Number 

of meals 

-0.03 

0.02 

0.00 

0.16 

0.18 

0.18 

0.28 

0.25 

0.21 

0.12 

0.08 

0.15 

0.25 

0.22 

0.20 

-0.43 

-0.35 

-0.40 

0.09 

0.05 

0.12 

Eating 

time 

0.02 

0.03 

0.04 

0.05 

0.02 

0.01 

0.21 

0.22 

0.23 

-0.64 

-0.57 

-0.58 

-0.10 

-0.12 

-0.14 

-0.02 

0.02 

-0.05 

0.14 

0.16 

0.22 

Eating 

speed 

0.03 

0.02 

0.01 

0.04 

0.03 

0.01 

-0.05 

0.00 

-0.03 

0.16 

0.16 

0.20 

-0.21 

-0.23 

-0.30 

0.12 

0.17 

0.21 

-0.17 

-0.12 

-0.12 

Feed 

efficiency 

0.01 

-0.04 

0.02 

0.02 

0.03 

-0.02 

-0.03 

-0.03 

-0.04 

0.08 

0.07 

0.05 

0.20 

0.23 

0.18 

-0.10 

-0.08 

-0.12 

0.68 

0.65 

0.59 

Body 

weight 

-0.02 

0.02 

-0.04 

0.01 

-0.03 

0.02 

-0.03 

0.02 

0.04 

-0.05 

-0.04 

-0.02 

0.04 

0.03 

0.07 

0.65 

0.62 

0.58 

0.08 

0.10 

0.12 

ECM 0.05 

0.05 

0.06 

0.03 

0.04 

-0.01 

-0.12 

-0.09 

-0.05 

-0.08 

-0.04 

-0.05 

0.02 

0.02 

0.00 

0.04 

0.04 

0.05 

0.33 

0.36 

0.27 

 

Discussion 
To our knowledge the presented study is the first to show genetic relationship between feed 

intake, feed efficiency, body weight and ECM together with eating behaviour traits in dairy 

cattle breeds measured in a commercial setting. Limited literature makes it difficult to compare 

obtained results with other studies. Cavani et al. (2022) showed that cows with lower intake 

per meal (rg = 0.65) and lower eating rate per visit (rg =0.47) had genetically better feed 

efficiency presented as phenotypic residual feed intake. In this study it is estimated that cows 

with lower eating speed (rg =-0.21) and also with more meals (rg =0.25) had higher efficiency.  

Heavy cows seem to eat more (rg =0.49) at fewer meals (rg =-0.43) and at a higher pace (rg 

=0.12) than lighter cows. This might be due to lower activity and less eager to stand up because 

it is a burden to stand up and walk due to the higher weight. On the other side a heavy cow also 

has a higher body capacity which will increase requirement for body maintenance and 

furthermore makes the cows able to push a smaller cow aside and thereby needs fewer meals, 

because it can always get room at the feeding table. Other studies have also found negative 

genetic correlation between body weight and number of visits (rg =-0.13) and number of meals 

(rg =-0.19) (Cavani et al., 2022).  

The genetic and phenotypic results seem to be very stable across breeds, though JER had a 

slightly higher feed efficiency than the other two breeds, and even better considering the lower 



4 

 

maintenance requirements given their lower body weight given that our efficiency trait in this 

study does not include body weight. 

The magnitude of both heritability estimates and genetic correlations between the eating 

behaviour traits and feed efficiency are all relatively small and therefore the effect on including 

these results in the breeding value estimation as an indicator for efficiency would be relatively 

small. This will especially be true on the longer run where more cows with data on feed intake 

and body weight will be part of the evaluation and thereby contribute with more and more data 

on the direct trait of interest. Therefore, at the current point there is no plan for introducing the 

eating behaviour traits in the breeding value estimation as indicators for feed efficiency. It 

would be more relevant to obtain more direct records for feed intake and body weight along 

with milk production. This does not mean that the traits in themselves could not have a breeding 

value estimation and might also be part of the national total merit index with an economic 

value.  

 

Conclusions 
This study shows that feed intake, feed efficiency, body weight, and eating behavior traits 

recorded using 3D camera technology in commercial dairy herds are moderately to highly 

heritable and exhibit stable genetic relationships across Holstein, Jersey, and Red Dairy Cattle. 

Genetically efficient cows tended to eat more slowly and distribute their feed intake across 

more meals, whereas genetically heavier cows consumed more feed in fewer meals and at a 

higher eating rate. Although eating behavior traits provide biological insight into feeding 

strategies, their genetic associations with feed efficiency were generally modest, indicating that 

direct measurements of feed intake and body weight remain the most relevant traits for genetic 

improvement of feed efficiency in dairy cattle. 
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