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ABSTRACT

Milk urea nitrogen (MUN), a trait routinely mea-
sured in the national milk recording system, is a useful 
indicator of nitrogen utilization efficiency of dairy cows, 
and selection for MUN and MUN-derived traits could 
be a valid strategy to produce better animals with re-
gard to efficiency of nitrogen utilization. Therefore, the 
aim of the present study was to explore the genetic as-
pects of MUN and new potential indicators of nitrogen 
efficiency, namely ratios of protein to MUN, casein to 
MUN, and whey protein to MUN, in the Italian Brown 
Swiss population. A total of 153,175 test-day records of 
10,827 cows in 500 herds were used for genetic analysis. 
Variance components and heritability of the investi-
gated traits were estimated using single-trait repeat-
ability animal models, whereas genetic and phenotypic 
correlations between the traits were estimated through 
bivariate repeatability animal models, including fixed 
effects of herd-test-date, stage of lactation, parity, calv-
ing year, and calving season, and the random effects of 
additive genetic animal, cow permanent environment, 
and the residual. Heritability estimates for MUN (0.20 
± 0.01) and the 3 new indicators of nitrogen utiliza-
tion efficiency (0.15 ± 0.01 for protein-to-MUN and 
casein-to-MUN ratios, and 0.12 ± 0.01 for ratio of whey 
protein to MUN) suggested that additive genetic varia-
tion exists for these traits, and thus there is potential to 
select for greater organic nitrogen and lower inorganic 
nitrogen in milk. Genetic association between MUN 
and the 3 ratios was high (−0.87 ± 0.01) but not unity, 
suggesting that ratios could provide some further infor-
mation beyond that provided by MUN with regard to 
efficiency of nitrogen utilization. Genetic trend of the 
investigated traits by year of birth of Brown Swiss sires 
showed how the selection applied in the last 30 yr has 
led to an increase of both quantity and quality of milk, 
and a decrease of somatic cell score and MUN. The 

inclusion of MUN in breeding programs could speed 
up the process of increasing organic nitrogen such as 
protein, which is useful for cheese-making, and reduc-
ing inorganic nitrogen (MUN) in milk.
Key words: milk urea nitrogen, nitrogen efficiency 
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Short Communication

Urea, a small organic molecule synthesized in the 
liver from ammonia resulting from the degradation of 
proteins and other nitrogen compounds (Parker et al., 
1995), is considered a useful indicator of efficiency of 
utilization of dietary nitrogen and of urinary nitrogen 
excretion (Jonker et al., 1998; Nousiainen et al., 2004). 
Once released into the blood, urea easily passes to milk 
(Broderick and Clayton, 1997), where it represents the 
primary component of nonprotein nitrogen. Although 
not included in milk quality payment systems, MUN of 
ruminants is an indicator of considerable interest to the 
farmer, as it provides information on the deficiency or 
excess of protein in the diet, and it is therefore adopted 
to monitor the nitrogen utilization efficiency of the ani-
mal (Roy et al., 2011). Indeed, MUN is used to evalu-
ate the balance between carbohydrates and nitrogen 
sources in the rumen environment (Jonker et al.,1999; 
Aguilar et al., 2012). The balance in rumen digestion 
is fundamental not only to obtain optimal production 
from the qualitative and quantitative point of view, but 
also to guarantee the health status and the well-being 
of the animals.

Genetic selection for simultaneous increment of milk 
yield and improvement of milk quality and functional 
traits (e.g., health, longevity, fertility) is the main ob-
jective of many dairy cattle breeding programs (Miglior 
et al., 2017). Nevertheless, selection for MUN, which 
is often measured during routine monthly recording 
systems, would be a useful tool to improve nitrogen 
utilization efficiency of cows. Improving nitrogen effi-
ciency of milk production is important to reduce envi-
ronmental emissions of nitrous oxide and ammonia at 
farm level (Castillo et al., 2000). Currently, the possible 
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use of MUN for breeding purposes in Italian Brown 
Swiss cattle is under investigation. However, informa-
tion about genetic parameters for MUN and other pos-
sible indicators of nitrogen utilization efficiency, as well 
as genetic relationships with milk production traits, is 
still scarce. Therefore, the aim of the present study was 
to explore the genetic aspects of MUN and new poten-
tial indicators of nitrogen utilization efficiency, namely 
ratios of protein to MUN, casein to MUN, and whey 
protein to MUN, in the Italian Brown Swiss popula-
tion. The inclusion of these ratios in breeding programs 
could help select to increase organic nitrogen such as 
protein, which is useful for cheese-making, and to re-
duce inorganic nitrogen (MUN) in milk.

Test-day milk records of Brown Swiss cows collected 
from 2014 to 2018 within the national routine milk 
recording system were provided by the Breeders As-
sociation of the Veneto Region (Padova, Italy). Data 
included milk yield (kg/d), composition traits (fat, 
protein, casein, and whey protein percentages), MUN 
(mg/dL), and SCC (cells/mL). Composition traits and 
MUN were determined using the MilkoScan FT6000 
(Foss Analytics, Hillerød, Denmark) and SCC using the 
Fossomatic FC (Foss Analytics). Somatic cell count was 
log-transformed to SCS, according to Ali and Shook 
(1980). Three new potential indicators of efficiency 
of nitrogen utilization were calculated as the ratio of 
protein, casein, or whey protein to MUN. The origi-
nal data set was edited to select cows between 5 and 
500 DIM and with a minimum of 3 test-day records 
within lactation. Contemporary groups were defined 
as cows sampled in the same herd and day (herd-test-
date, HTD), and HTD with fewer than 3 cows were 
removed. In addition, only cows with known sire and 
dam were retained. After editing, 1,049,919 test-day 
records of 72,613 cows in 3,335 herds were available for 
subsequent analysis. Due to computational issues, 15% 
of herds (n = 500) were randomly selected for genetic 
analysis, leading to a subset of 153,175 test-day records 
of 10,827 cows. Pedigree information was provided by 
the Italian Brown Cattle Breeders Association (Verona, 
Italy), and included cows with phenotypic records and 
all their ancestors up to 6 generations back, for a total 
of 48,101 animals.

A preliminary investigation of the nongenetic factors 
affecting MUN and the 3 new candidate indicators of 
nitrogen utilization efficiency was conducted using SAS 
software version 9.4 (SAS Institute Inc., Cary, NC). 
The linear mixed model accounted for the fixed effects 
of stage of lactation (17 levels; the first being a class 
from 5 to 30 DIM, followed by 15 classes of 30 d each, 
and the last being a class >480 DIM), parity (5 lev-
els: 1, 2, 3, 4, and ≥5), calving year (5 levels: 2014 
to 2018), and calving season (4 levels: winter compris-

ing December, January, and February; spring, March, 
April, and May; summer, June, July, and August; and 
autumn, September, October, and November), and for 
the random effects of HTD (13,335 levels), cow, and 
the residual. Variance components and heritability of 
the investigated traits were estimated using single-trait 
repeatability animal models, and genetic and pheno-
typic correlations between the traits were estimated 
through bivariate repeatability animal models using the 
software VCE version 6.0 (Neumaier and Groeneveld, 
1998). In all cases, models included the fixed effects of 
HTD, stage of lactation, parity, calving year, and calv-
ing season, and the random effects of additive genetic 
animal, cow permanent environment, and the residual. 
Variance components of the investigated traits were 
then implemented in the software PEST (Groeneveld et 
al., 1990) to obtain bulls’ EBV, standardized to mean 
100 and standard deviation 5, and to assess the genetic 
trend by year of birth of sires with at least 5 daughters 
(n = 1,267). Finally, we explored different scenarios to 
predict response to selection from a multitrait selection 
index.

Average milk yield and composition of Brown Swiss 
cows were consistent with the findings of Bobbo et al. 
(2016) for the same breed (Table 1). Milk urea nitro-
gen averaged 25.22 mg/dL, and mean of the protein-
to-MUN ratio was 0.17, corresponding to the sum of 
the other 2 indicators of nitrogen utilization efficiency 
(ratios of casein to MUN and whey protein to MUN; 
Table 1).

Heritability of milk yield was 0.10 ± 0.01 (SE), and 
heritabilities of milk composition traits and SCS ranged 
from 0.09 ± 0.01 (SCS) to 0.37 ± 0.02 (casein percent-
age; Table 1). In the present study, dietary information 
was not available to be considered in examining genetic 
parameters of MUN and other nitrogen efficiency indi-
cators, similar to previous studies (Wood et al., 2003; 
Miglior et al., 2007; Stoop et al., 2007). Therefore, 
a possible diet effect was likely accounted for by the 
HTD effect. Indicators of nitrogen utilization efficiency 
showed genetic variability, with coefficient of additive 
genetic variation from 7.97% (MUN) to 12.79% (casein-
to-MUN ratio). Heritability of MUN (0.20 ± 0.01) 
was in agreement with the value (0.17) estimated by 
Samoré et al. (2007) for the same breed, and within the 
range of 0.14 to 0.59 reported in the literature (Wood et 
al., 2003; Mitchell et al., 2005; Stoop et al., 2007); the 
wide variability of heritability estimates likely depends 
on breed, parity, and method used to determine MUN. 
Heritabilities of the 3 new indicators of nitrogen utiliza-
tion efficiency were 0.15 ± 0.01 for protein-to-MUN 
and casein-to-MUN ratios, and 0.12 ± 0.01 for ratio 
of whey protein to MUN (Table 1). To the best of our 
knowledge, this is the first study to explore such ratios 
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as candidate indicators of efficiency of nitrogen utiliza-
tion, and our results suggest that they show additive 
genetic variation potentially exploitable for breeding 
purposes.

Bivariate analysis suggested that selection to in-
crease milk casein percentage is associated with an 
increase of fat percentage (genetic correlation of 0.64; 
Table 2), which indicates a simultaneous increment of 
components useful for cheese-making. In fact, although 
whey proteins are dispersed in the cheese whey, and 
nonprotein nitrogen has little nutritional value, caseins, 
together with fat, play a major role in cheese produc-
tion. This result is in agreement with Samoré et al. 
(2007), who estimated a positive genetic correlation of 
0.69 between fat and casein percentages in Brown Swiss 
cattle. In accordance with previous studies (Miglior et 
al., 2007; Samoré et al., 2007; Stoop et al., 2007), phe-
notypic correlations of MUN with milk yield, composi-
tion, and SCS were weak (−0.08 to 0.07). Also, genetic 
relationships of MUN with milk yield and composition 
traits were weak (Table 2). In fact, MUN was weakly 
negatively correlated with milk yield (−0.14), protein 
percentage (−0.20), and casein percentage (−0.22), 
and it was uncorrelated with fat percentage (−0.03). 
These results partially agreed with findings of Samoré 
et al. (2007), who estimated a weak negative genetic 
correlation between MUN and milk yield (−0.17), a 
null correlation with protein (0.03) and casein per-
centages (0.002), and a weak positive correlation with 
fat percentage (0.12). Miglior et al. (2007) reported a 
weak negative genetic correlation between MUN and 
milk yield (−0.09), whereas moderate positive genetic 
correlations were estimated between MUN and fat per-
centage (0.42) and MUN and protein percentage (0.20) 
in Canadian Holsteins. Wood et al. (2003) reported 
genetic correlations of MUN with milk, protein, and fat 

yields that were generally weak (−0.05 to 0.32). Weak 
to moderate positive genetic associations between MUN 
and milk yield were observed by Stoop et al. (2007), 
Rzewuska and Strabel (2013), and Satoła et al. (2017). 
Mucha and Strandberg (2011) explored changes of cor-
relation between MUN and milk yield during lactation 
and reported positive correlations at the beginning of 
lactation and negative at the end. In agreement with our 
results, weak to moderate negative genetic correlations 
between MUN and protein content were reported by 
Rzewuska and Strabel (2013) and Satoła et al. (2017). 
Moreover, Stoop et al. (2007), Rzewuska and Strabel 
(2013), and Satoła et al. (2017) reported null or weak 
genetic correlation between MUN and fat percentage. 
The new potential indicators of nitrogen utilization ef-
ficiency were weakly associated with milk yield (Table 
2). Therefore, it is possible to improve ratios of protein 
or casein to MUN (i.e., to increase organic and decrease 
inorganic nitrogen), with only a trivial effect on milk 
yield. Overall, milk SCS, an indicator of udder health 
and milk quality, was weakly genetically associated 
with MUN (0.14) and with the 3 ratios of nitrogen uti-
lization efficiency (−0.10 to −0.04; Table 2). Therefore, 
selection to increase organic nitrogen at the expense 
of inorganic would allow a slow reduction of SCC. A 
strong positive genetic correlation (0.85) between MUN 
and SCS was reported by Stoop et al. (2007), although 
phenotypic correlation was almost null, similar to our 
study. Stoop and colleagues hypothesized the same 
genetic mechanism for both SCS and MUN, possibly 
as a result of variation of protein metabolism during 
mastitis. On the contrary, weak negative genetic cor-
relations of −0.19 and −0.08 between MUN and SCS 
were reported by Miglior et al. (2007) and Samoré et 
al. (2007), respectively. Finally, genetic correlation be-
tween MUN and the 3 ratios was high (−0.87) but not 
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Table 1. Descriptive statistics, additive genetic variance σa
2( ),  permanent environmental variance σpe

2( ),  residual variance σe
2( ),  estimated 

heritability (h2), and coefficient of additive genetic variation (CVa) of test-day milk yield, milk composition, SCS, and nitrogen efficiency 
indicators of Brown Swiss cows (n = 153,175 test-day records, 10,827 cows)

Trait Mean (SD) σa
2 σpe

2 σe
2 h2 (SE) CVa, %

Milk yield, kg/d 24.05 (7.85) 2.3197 7.7430 14.1732 0.10 (0.01) 6.33
Milk composition, %            
  Fat 4.13 (0.73) 0.0683 0.0312 0.2847 0.18 (0.01) 6.33
  Protein 3.70 (0.42) 0.0294 0.0117 0.0415 0.36 (0.02) 4.63
  Casein 2.88 (0.33) 0.0193 0.0081 0.0254 0.37 (0.02) 4.84
  Whey protein 0.82 (0.12) 0.0013 0.0007 0.0040 0.22 (0.01) 4.43
SCS 2.86 (1.86) 0.2482 0.8524 1.6980 0.09 (0.01) 17.43
Nitrogen efficiency indicators            
  MUN, mg/dL 25.22 (8.04) 4.0370 2.1086 13.7374 0.20 (0.01) 7.97
  Protein:​MUN 0.17 (0.08) 0.0004 0.0002 0.0023 0.15 (0.01) 12.62
  Casein:​MUN 0.13 (0.06) 0.0003 0.0001 0.0014 0.15 (0.01) 12.79
  Whey protein:​MUN 0.04 (0.02) 0.0000 0.0000 0.0001 0.12 (0.01) 11.97
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unity, suggesting that ratios could provide some further 
information beyond that provided by MUN with regard 
to efficiency of nitrogen utilization.

Genetic trends of the investigated traits by year of 
birth of sires with at least 5 daughters (n = 1,267) are 
depicted in Figure 1. The most remarkable result is 
that EBV were relatively stable until the mid-1990s, 
when their trends changed as a consequence of the in-
troduction of the total economic index in Italian Brown 
Swiss cattle at the beginning of the 1990s; this resulted 
in an improvement of milk yield and composition and a 
decline of SCS and MUN (Figure 1).

Although the use of ratios in genetic selection has 
been considered problematic, the possible inclusion of 
one of the ratios (e.g., protein-to-MUN ratio) in the 
selection index of the Italian Brown Swiss population 

could be managed by knowing the effect of selection for 
the numerator (e.g., protein percentage) in the popula-
tion. Hence we predicted different scenarios of response 
to selection using the Multiple Trait Selection Index, 
20Trait Version, a spreadsheet for selection index cal-
culations developed by Julius van der Werf (University 
of New England, Armidale, Australia; https:​/​/​jvanderw​
.une​.edu​.au/​software​.htm), which provides response to 
selection of traits “per selection round,” ignoring paren-
tal contribution, and with the only required parameters 
phenotypic standard deviation, heritability, repeat-
ability, and correlation structure of the investigated 
traits. In addition, we set up several daughters with 
phenotypic information equal to 120 for the progeny 
test, as this is the minimum number of daughters re-
quired in Italy for a bull to be released as a proven bull. 
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Table 2. Genetic1 (above diagonal) and phenotypic (below diagonal) correlations between test-day milk yield, composition, SCS, and nitrogen 
efficiency indicators

Trait MY F P C WP SCS U P/U C/U WP/U

Milk yield (MY) — −0.43 −0.45 −0.43 −0.48 0.02 −0.14 −0.10 −0.09 −0.11
Milk composition                    
  Fat (F) −0.11 — 0.65 0.64 0.60 −0.03 −0.03 0.26 0.26 0.26
  Protein (P) −0.28 0.30 — 0.99 0.91 −0.04 −0.20 0.51 0.52 0.49
  Casein (C) −0.25 0.31 0.98 — 0.85 −0.08 −0.22 0.53 0.54 0.49
  Whey protein (WP) −0.29 0.20 0.80 0.67 — 0.11 −0.09 0.40 0.38 0.44
SCS −0.14 0.05 0.08 0.03 0.21 — 0.14 −0.09 −0.10 −0.04
Nitrogen efficiency indicators                    
  MUN (U) −0.03 0.07 −0.07 −0.08 −0.01 −0.06 — −0.87 −0.87 −0.87
  Protein:​MUN (P/U) −0.05 0.03 0.29 0.29 0.21 0.07 −0.65 — 1.00 0.99
  Casein:​MUN (C/U) −0.05 0.04 0.29 0.30 0.18 0.06 −0.65 0.99 — 0.98
  Whey protein:​MUN (WP/U) −0.07 0.02 0.27 0.24 0.30 0.11 −0.62 0.95 0.94 —
1SE of genetic correlations ranged from 0.0001 to 0.09.

Figure 1. Genetic trend of test-day milk yield, composition, SCS, and nitrogen efficiency indicators by year of birth of Brown Swiss sires 
(n = 1,267).

https://jvanderw.une.edu.au/software.htm
https://jvanderw.une.edu.au/software.htm
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We first assigned an economic value of 1 to milk yield 
and checked the response to selection of all traits. Our 
results suggest that if the breeding goal consists solely 
of milk yield, no response to selection will be observed 
for the 3 ratios. Nevertheless, some countries (including 
Italy) place emphasis on protein percentage in their 
total merit index; therefore, we assigned an economic 
value of 1 to protein. Selection on solely protein per-
centage would lead to an indirect positive response to 
selection of protein-to-MUN ratio. Then, maintaining 
an economic value of 1 for protein, we tried to assign 
different economic values to protein-to-MUN ratio or to 
MUN, to increase the response to selection of protein-
to-MUN ratio (our objective). To double the response 
to selection of protein-to-MUN ratio, a direct emphasis 
5 times greater than that given to protein percentage 
should be placed on the ratio (i.e., economic value = 5), 
which is hardly feasible in a total merit index. However, 
the same result can be obtained by giving to MUN 
one-quarter the emphasis given to protein. Thus, in this 
last scenario, we assigned an economic value of 1 to 
protein and −0.25 to MUN. Additionally, placing such 
emphasis on MUN would lead to an indirect response 
to selection of casein-to-MUN ratio. Consequently, 
emphasis should be given to MUN to speed up the 
process of improving nitrogen utilization efficiency of 
cows, causing only a negligible reduction in the genetic 
gain of milk yield and a favorable repercussion in the 
genetic response on fat and SCS. Moreover, although 
the variance-covariance matrix previously formed by 
pooling the bivariate analyses was not positive definite 
for the 10 traits considered, it was positive definite 
when considering only 5 traits (milk yield, fat, protein, 
SCS, and MUN).

In conclusion, our results support that MUN is a 
useful tool to monitor nitrogen utilization efficiency in 
dairy cows. Additive genetic variation and heritability 
exist for MUN and MUN-derived indicators of nitrogen 
utilization efficiency, suggesting that these traits could 
be improved through selection. The goal of including, 
for example, protein-to-MUN ratio in a selection index 
would be to simultaneously increase the numerator and 
decrease the denominator, to maximize the improve-
ment of nitrogen utilization efficiency. Our predicted 
selection response results suggest that this aim can be 
achieved by directly including protein percentage and 
MUN in a multitrait selection index. Hence protein-to-
MUN ratio would not be directly included in the index, 
but it can be used to evaluate the weight that MUN 
and protein percentage should receive to obtain the 
desired result. Thus, the inclusion of MUN in breeding 
programs has the potential to help achieve the final goal 
of increasing organic nitrogen such as protein, which 
is useful for cheese-making, and reducing inorganic 

nitrogen (MUN) in milk, which is of great importance 
in countries such as Italy and France with extensive 
cheese production. Further studies on the relationships 
with traits such as conformation, fertility, and health 
are required. Moreover, lactose percentage should also 
be considered for the definition of possible indicators of 
nitrogen utilization efficiency.
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