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ABSTRACT: The objective of this study was to examine 
the relationship of genomic predictions for feed utilization 
with milk yield, body weight and activity levels in a popu-
lation of cows that was independent of the reference popu-
lation. Genomic predictions for dry matter intake, dry mat-
ter efficiency, and residual feed intake were developed and 
performance was monitored for a separate population of 
genotyped cows. Those cows with high genomic evalua-
tions for dry matter intake and that were expected to be 
more feed efficient had significantly higher milk yield lev-
els, particularly in mid or later lactation. Cows expected to 
be feed efficient also had significantly lower body weights. 
Activity levels in late lactation were higher for cows pre-
dicted to have high intake.  
Keywords: dairy cattle; feed utilization; genetics; genomic 
prediction 
 
 

Introduction 
 

The high cost of measuring feed intake on individ-
ual dairy cows has encouraged the development of genomic 
predictions for feed utilization using data from reference 
populations (Pryce et al., 2012).  Feed intake is most often 
measured in research or experimental herds, but can be 
measured in commercial settings with reduced costs but 
lower precision (Vallimont et al., 2010).  

 
The objective of this study was to determine the 

association of genomic predictions for feed utilization that 
were developed from a small, commercial farm reference 
population with milk yield, body weight (BW), and activity 
levels in an independent herd of lactating Holstein cows. 
 

Materials and Methods 
 

Feed Intake. Feed intake was measured for 970 
Holstein cows in 11 commercial tie-stall dairy farms in 
Pennsylvania and merged with lactation records for milk 
yield, fat yield, and protein yield. Briefly, feed intake was 
measured over a 24 hour period once per month during the 
week of milk sampling for 6 months from the fall of 2008 
through the spring of 2009. Cow body weight (BW) and 
body condition scores (BCS) were also assessed during 
each herd visit. Methods of measuring feed intake are de-
scribed more fully by Vallimont et al. (2010). 

 
Three feed utilization traits were considered: dry 

matter intake (DMI), dry matter efficiency (DME; energy 

corrected milk yield / DMI), and residual feed intake (RFI; 
DMI adjusted for yield, BW, and BCS). The data were ana-
lyzed with multiple trait animal models in ASREML (Gil-
mour et al., 2006) that included 1 or 2 feed utilization traits, 
yield, and either BW or BCS (Vallimont et al., 2011). 

 
Planning for the feed intake trial began in 2007 

and before current SNP genotyping options were commer-
cially available, so the initial research protocol did not in-
clude genomic testing. However, DNA was available for a 
subset of 775 cows that were genotyped for a panel of 121 
candidate gene markers (Dekleva et al., 2012). Cows with 
high or low estimated breeding value (EBV) for DMI (340 
total) were selected as the reference population. The cows 
were genotyped with the Illumina Bovine3K BeadChip and 
genotypes were imputed to the 45,187 SNP genotypes used 
in US genetic evaluations (Wiggans et al., 2012). There 
were 49 monomorphic SNP removed leaving a total of 
45,138 SNP.    

 
Genome wide association analyses (GWAS) were 

conducted with deregressed EBV for DMI, DME, and RFI. 
GWAS was conducted with GenSel on the e-BIGS platform 
(http://bigs.ansci.iastate.edu/). A Bayes-C model was im-
plemented with a 1,000 Markov Chain Monte Carlo 
(MCMC) cycle burn-in. SNP effects were estimated as the 
posterior means averaged across an additional 40,000 
MCMC cycles.  

 
Performance Data. There were 193 cows at the 

Penn State Dairy Research Center genotyped in 2009. The 
SNP effects estimated as described above were applied to 
generate direct genomic values (DGV) for DMI, DME, and 
RFI. No cows from the Penn State herd were part of the 
feed intake trial or the reference population that was used to 
estimate marker associations for feed utilization. 

 
Daily milk yield (n=177,926), daily BW 

(n=120,838), and daily activity levels (n=157,999) were 
available for all Penn State cows through the Afimilk sys-
tem (http://www.afimilk.com/).   

 
Cows were classified into equally sized high or 

low feed utilization groups based on DGV for each of the 
feed utilization traits. Daily milk yield, BW, and activity 
levels (steps per hour) were evaluated with a multiple trait 
model in ASREML. The model fixed effects included week 
of lactation (n=52 weeks), parity (1, 2, ≥3), feed utilization 
group (high or low), and the interaction between week of 



lactation and feed utilization group. The effect of cow, date 
of measurement, and error were random effects.  Predicted 
values (Gilmour et al., 2006) of milk yield, BW, and activi-
ty levels were estimated for feed utilization groups across 
lactation and for each week of lactation.  The significance 
of differences between high and low feed utilization groups 
were assessed at 5, 25, and 40 weeks of lactation. These 
weeks were selected to determine how differences in per-
formance changed in early, mid and late lactation. 
 

Results and Discussion 
 

Predicted Population Statistics. The DGV for 
DMI for Penn State cows ranged from -1050 kg to +1749 
kg and the mean difference in DMI between high and low 
groups was predicted to be 677 kg. The DGV difference 
between high and low groups was 270 kg for RFI, whereas 
there was a DGV difference of 0.38 kg of milk per kg of 
DMI for DME. 

 
Milk yield, BW, and activity levels for the Penn 

State cows were 38 kg/day, 658 kg, and 103 steps per hour, 
respectively.  

 
High v. Low DMI. Lactation curves of predicted 

milk yield and BW for DMI groups are shown in Figures 1a 
and 2a, respectively. Milk yield was significantly higher 
(P<0.05) at week 25 for the group predicted to have in-
creased DMI, which corresponds to a positive genetic cor-
relation between DMI and yield estimated in the commer-
cial cow reference population (Vallimont et al., 2010). 
Conversely, BW was not significantly correlated with DMI 
at any point during the lactation despite previous estimates 
of a positive correlation. Cows in the high DGV group had 
an increase in activity of 7 steps per hour (112 versus 105), 
during week 40 which was significant. There was no differ-
ence in activity at week 5 or week 25.  

 
High v. Low DME. Figures 1b and 2b demon-

strate milk yield and BW curves for cows stratified by DGV 
for DME. Milk yield was similar for the first few weeks of 
lactation, but was significantly increased for the high effi-
ciency group (i.e. high DGV for DME) in weeks 25 and 40. 
The difference in BW between groups was significant at 
week 5, 25, and 40 with a lower BW associated with an 
increase in DGV for DME. Higher milk yield and lower 
BW had genetic correlations that were favorably associated 
with DME in the reference population (Vallimont et al., 
2011). There was no significant difference in activity levels 
at week 5, 25 or 40.   

 
High v. Low RFI. Cows with a high RFI had low 

feed efficiency because they consumed more DMI than 
anticipated based on milk yield and BW, whereas a low RFI 
is associated with greater feed efficiency. It is expected that 
RFI should be independent of milk yield and BW because 
they are included in the derivation of RFI. However, that 
expectation was not met in the current study as cows with 
low RFI (high efficiency) had significantly higher milk 

yield (Figure 1c) at 40 weeks and lower BW (Figure 2c) at 
weeks 25 and 40. It is not clear why RFI was not more in-
dependent of cow performance. RFI had a heritability esti-
mate of <5% in the reference population and the EBV used 
to generate DGV for RFI had low accuracy. Alternatively, 
these results could indicate that RFI may not be effective 
across different environments or that RFI calculated by 
regression on phenotypes predict genetic differences poor-
ly.  

 

 
Figure 1. Milk yield for cows with high (blue) and low 
(red) direct genomic values for a. dry matter intake 
(DMI), b. dry matter efficiency (DME), and c. residual 
feed intake (RFI). 

 
 
Similar to results observed for DMI, high DGV for 

RFI was associated with significantly elevated activity lev-
els at week 40. This may indicate that cows with high RFI 
expend more energy walking and moving than more effi-
cient herd mates, or that cows with high DMI move from 
the feed bunk to stalls more frequently.  
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Figure 2. Body weight for cows with high (blue) and low 
(red) direct genomic values for a. dry matter intake 
(DMI), b. dry matter efficiency (DME), and c. residual 
feed intake (RFI). 

 
 

Conclusion 
 

Accurate genomic predictions require large refer-
ence populations which are difficult and expensive to as-
semble for feed intake measurements currently. Neverthe-
less, cow performance was generally in the expected direc-
tion with cows predicted to be more feed efficient having 
lower BW and higher milk yield despite genomic predic-
tions being generated with a very small reference popula-
tion of commercial cows. This suggests that efforts to gen-
erate genomic predictions of feed utilization can be success-
ful. The feed intake measurements in this study were also 
collected on a monthly rather than daily basis, which indi-
cates that less frequent feed intake recording is an alterna-
tive to build a larger reference population. 
 

Literature Cited 
 
Dekleva, M. W., Dechow, C. D., Daubert, J. M. et al. (2012). J 

Dairy Sci. 95:1559-1564.  
Gilmour, A. R., Gogel, B. J., Cullis, B. R. et al. (2006). VSN In-

ternational Ltd, Hemel Hempstead, HP1 1ES, UK. 
Pryce, J. E., Arias, J., Bowman, P. J. et al. (2012). J Dairy Sci. 

95:2108-2119.  
Vallimont, J. E., Dechow, C. D., Daubert, J. M. et al. (2011). J 

Dairy Sci. 94:2108-2113.  
Vallimont, J. E., Dechow, C. D., Daubert, J. M. et al. (2010). J 

Dairy Sci. 93:4892-4901.  
Wiggans, G. R., Cooper, T. A., VanRaden, P. M. et al. (2012). J 

Dairy Sci. 95:1552-1558. 
 
 

600	  

650	  

700	  

750	  

1	   4	   7	  10	  13	  16	  19	  22	  25	  28	  31	  34	  37	  40	  43	  46	  49	  52	  

Bo
dy
	  W

ei
gh
t	  (
kg
)	  

a.	  

600	  

650	  

700	  

750	  

1	   4	   7	  10	  13	  16	  19	  22	  25	  28	  31	  34	  37	  40	  43	  46	  49	  52	  

Bo
dy
	  W

ei
gh
t	  (
kg
)	  

b.	  

600	  

650	  

700	  

750	  

1	   4	   7	  10	  13	  16	  19	  22	  25	  28	  31	  34	  37	  40	  43	  46	  49	  52	  

Bo
dy
	  W

ei
gh
t	  (
kg
)	  

Week	  

c.	  



 


