
Covariance Among Milking Frequency, Milk Yield 

And Milk Composition From Automatically Milked 

Cows 
Peter Løvendahl

*†
 

 

 

Introduction 
 

Automatic milking is becoming increasingly popular in dairy production.  Currently, about 

23 % of Danish cows are milked by automatic milking systems (AMS). The breeding goal 

and selection index are not specifically aimed at AM milked cows but include data from 

these in the regular recording and evaluation schemes. Records from AM milked cows differ 

from traditional 2X and 3X milking by having freedom to get milked at individually chosen 

and variable intervals around the clock. Given this freedom cows may use it to cope with 

their physiological needs that change with advancing parities and during lactation. However, 

individual differences in the complete set of milking trait variables are expected to be af-

fected by the combination of the chosen milking interval, yield at each milking and composi-

tion of the milk in terms of solids content. Correlations among milking traits are therefore 

expected, both at the individual level and at the genetic level. Those correlations derived 

from AMS based data may differ from similar correlations estimated on data from conven-

tional milkings with fixed milking intervals. Numerous studies have shown systematic effects 

of increased milking frequency from 2X to 3X milkings, giving increased yield and slightly 

changed composition.  In comparisons between 2X and robotic milking, increased milking 

frequency is generally observed, and often yield also increased after herds changed to AMS. 

It is however not well known how cows differing in genetic potential for yield differ in milk-

ing frequency and milk composition during lactation when milked in AMS. This study aimed 

at obtaining insights to relationships between milking traits by estimating individual and ge-

netic correlations for milking frequency, milk yield and milk composition for automatically 

milked cows.   

 

Materials and methods 
 

This study was designed as a cohort study including 4 years of data from a research herd 

(Danish Cattle Research Centre, Foulum, Denmark), having 3 breeds (Holstein, Red Dane 

and Jersey) in parities 1, 2 and 3, being milked in 3 AMS units (VMS, DeLaval, Tumba, 

Sweden). Milk yield was recorded at every milking and milk samples obtained from almost 

all milkings (coverage 80%). Cows were fed ad lib TMR and given restricted amounts of 

concentrates at milkings. In total 401 cows with 664 cow-lactations were included, and data 

obtained between 5 and 305 days in milk (DIM) were used. 
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Milking data were filtered so that only “ideal milkings” were used in the statistical analysis.  

Milkings were classified as “ideal” if they were completed without manual intervention of 

any kind, and were coded as complete by the VMS software.  Furthermore it was required 

that not only the present milking was completed as an automated milking but also that the 

previous milking was assigned code for “automated - completed”. Milkings where milk sol-

ids contents were extreme were omitted as outliers. A total of 285796 milkings qualified as 

“ideal milkings” and 232111 had information on composition.  

Variables. From each milking the interval in hours since last milking was recorded together 

with the yield in kg. From this a 24 h yield was calculated as (24*yield / interval). For re-

cords with solids content the Fat yield / milking, and fat yield per 24 h were calculated. Yield 

of energy corrected milk per 24 h was calculated (ECM_24).  

Models. A test-day type model [Y = Xa + Zu + Ie ] was used, including systematic terms 

(Xa) for diurnal effects using a fourth order Fourier approach 
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). Random ge-

netic and individual animal effects (Zu) were modelled as additive genetic variance, and 

permanent environmental variance for cow across and within parity. Seasonal effects were 

modelled as continuous curves within year. Models were developed using MIXED and 

HPMIXED in SAS (ver 9.2, SAS Institute Inc.) and co-variance estimates obtained using 

DMU-AI (Madsen and Jensen, 2007). 

 

Results and discussion 
 

A summary of the data is presented in table 1. Holstein and Red Dane Cows were milked 2.8 

times per day and Jersey cows just over 3 times. This may have been caused by the fewer 

numbers per AMS in the Jersey group than the Holstein and Red Dane groups. Jersey milk 

contained more fat than Holstein or Red Dane milk, as seen in previous studies. Yield of 

ECM differed less between breeds. 

 

Table 1: Data overview – number of lactations, milkings and milk solids content  

 Red Dane Holstein Jersey (VMS 3) 

Lactations, N  267  238  159 

Cows, N  157  153  91 

Milk records  110148  100783  74865 

Composition records  89954  82662  59495 

       

Per milking  Mean Std  Mean Std  Mean  Std 

Milking interval, h  9.56 3.34  9.64 3.50  8.52 2.74 

Yield, kg  10.29 3.90  11.53 4.40  6.84 2.64 

Fat %  4.33 0.88  4.15 0.84  6.31 1.10 

Per “24 h”          

Milking Frequency  2.76 0.79  2.77 0.84  3.04 0.74 

Milk Yield,  Kg  26.81 8.72  29.68 8.94  19.65 5.86 

Fat, Kg  1.143 0.401  1.213 0.391  1.220 0.360 

ECM, Kg  27.86 8.66  29.91 8.63  26.07 7.18 



 

Milking frequency was heritable to the same or greater extent than yield per milking or yield 

per 24 hours (Table 2). Fat content and fat yield per milking or per 24 h had similar heritabil-

ity as yield per milking, and slightly higher heritability was found for ECM yield per 24 h. 

Repeatability estimates were rather similar for milk traits, except for Fat % which had lower 

repeatability, and ECM that had the largest repeatability. This showed that milking frequency 

is at least as heritable as the production traits. 

 

Table 2: Estimates of heritability and repeatability across and within parity. Results are 

estimates ± se. 

Variable Abbrev. Heritability Repeatability- 

across parities 

Repeatability - 

within parity 

Milking frequency MF 0.31 ± 0.04 0.39 ± 0.04 0.39 ± 0.02 

Yield / Milking Ym 0.25 ± 0.06 0.40 ± 0.06 0.48 ± 0.02 

Fat % F% 0.25 ± 0.04 0.32 ± 0.04 0.35 ± 0.02 

Kg Fat / milking FKgm 0.23 ± 0.06 0.40 ± 0.06 0.49 ± 0.02 

Yield / 24 h Y_24 0.23 ± 0.06 0.39 ± 0.06 0.49 ± 0.02 

Kg Fat / 24 h Fat_24 0.25 ± 0.06 0.40 ± 0.06 0.51 ± 0.02 

ECM / 24 h ECM_24 0.28 ± 0.07 0.46 ± 0.07 0.61 ± 0.02 

 

Milking frequency was negatively correlated to yield per milking but positively correlated to 

yield per 24 h and to ECM yield per 24 h (Table 3).  Fat content was genetically uncorrelated 

to milking frequency.  In agreement, correlations to fat production per milking were negative 

both at the genetic and phenotypic level. 

 

These results show that cows in AMS obtain higher yields by a combination of increased 

yield per milking and higher milking frequency.  However, the higher milking frequencies 

leads to demands for more available time for milking in the AMS and thereby restrict the 

capacity of each AMS in terms of number of cows.  This may however be counteracted by 

each milking giving more milk, so that the net effect being that the capacity of each AMS in 

terms of kg milk is either unchanged or improved when expressed as kg of milk per day. A 

more detailed discussion about economic efficiency of AMS as a function of individual cow 

characteristics was recently given by André et al. (2010).  Other aspects, such as milk quality, 

somatic cell count and mastitis susceptibility need further attention.  

 

 Table 3: Estimated genetic (upper part) and phenotypic (lower part) correlations be-

tween milking traits. 

Traits MF Ym F% FKgm Y_24 Fat_24 ECM_24 

MF  -0.46 0.10 0.02 0.07 -0.43 0.10 0.48 0.08 0.57 0.08 0.53 0.09 

Ym -0.56      0.66 0.05 

F%   0.19      -0.10 0.09 

FKgm -0.47       

Y_24   0.34       

Fat_24   0.43       

ECM_24   0.40 0.41 0.18     

 



Conclusion 
 

This study of voluntary milkings in dairy cows shows that milking frequency is a heritable 

trait to the extent as production traits.  Genetic correlations to production traits indicate that 

future increase in yield will also give higher milking frequency.  Capacity of AMS need to 

allow for demands for sufficient milking time and increased milking frequency in order to 

have full expression of genetic potential for yield. 
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