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Table 1 Summary of relationships between nitrogen use efficiency (Y) and measured variables (X). Trial was added 
as a random factor to the general linear model. MUN = Milk urea nitrogen; WSC = Water soluble carbohydrate; 
CP = Crude protein. 

Measured variable Number of 
treatments 

Linear 
regression  

Ranked 
correlation  

General linear 
model  

Weighted 
correlation  Number of 

cows (r2) (rs) (r2) (rp) 

MUN (mmol/L) 33 0.64 -0.67 0.84 -0.86 512 
Feed WSC (%) 20 0.70 0.70 0.72 0.86 240 
Feed CP (%) 27 0.51 -0.58 0.80 -0.74 332 

WSC/CP (%/%) 20 0.76 0.76 0.79 0.89 240 
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Introduction 

Improving nitrogen use efficiency (NUE) (g of 
milk nitrogen output/g of nitrogen intake) of dairy 
cows helps to maximise profitability and minimise 
nitrogen losses on farm. However, the traditional 
nitrogen balance technique used indoors to measure 
dry matter intake (DMI) and NUE is labour intensive, 
costly and unsuited to pasture-based grazing systems. 
In The Netherlands, milk urea nitrogen (MUN) has 
been used as a non-invasive and easy-to-conduct test 
to differentiate NUE of dairy cow groups (Kuipers et 
al. 1999). Generally, higher values of MUN are 
associated with a lower NUE. However, the usefulness 
of MUN in New Zealand pasture-based grazing 
systems is uncertain for numerous reasons. Firstly, 
MUN excretion reaches a maximum when dietary 
crude protein (CP) exceeds 20% of feed dry matter 
(DM), reducing the sensitivity of MUN to differentiate 
NUE in high dietary CP systems (Reynolds & 
Kristensen 2008). Secondly, water intake has been 
identified as one of the factors influencing the 
concentration of MUN, but it is not normally quantified 
in grazing systems (De Campeneere et al. 2006). Lastly, 
when individual cow samples are used, MUN may be 
subject to diurnal variation (Cheng et al. 2010). 

The objective of this study was to determine the 
effectiveness of using MUN to differentiate NUE of 
dairy cow groups raised on New Zealand pasture, 
using data from published papers. 

Materials and methods 

Papers were sourced from Proceedings of the 
New Zealand Society of Animal Production, New 
Zealand Journal of Agricultural Research and 

Proceedings of the Australasian Dairy Science 
Symposium, based on the following criteria: five or 
more cows per treatment; more than 50% of their diet 
was New Zealand pasture; measurements of MUN, 
NUE, water soluble carbohydrates % (WSC%) or/and 
dietary CP% were reported. 

The above selection process yielded seven papers 
(Carruthers & Neil 1997; Kolver & Aspin 2006; 
Pacheco et al. 2008; Higgs et al. 2009; Pacheco et al. 
2009; Bryant et al. 2010; Pacheco et al. 2010) that 
included a total of 33 treatment means for NUE and 
MUN. Data for WSC%, dietary CP% and WSC/CP 
were also reported. The data were analysed using 
GenStat (Version 15, VSN International, Hemel 
Hempstead, UK) and Minitab (Version 16, Minitab 
Inc, State College, Pennsylvania, USA). Ranked 
correlations, linear regressions and weighted 
correlations incorporating the number of cows per 
treatment group as the weighting factor were 
performed (Table 1). Linear equations were produced 
with NUE as the response variable using both a simple 
linear regression and a general linear model 
incorporating trial as a random factor. 

Results and discussion 

The ranges for MUN and NUE were 4.0 to 17.9 
mmol/L (Average = 12.8; Standard deviation 
(SD) = 4.13) and 0.19 to 0.33 (Average = 0.23; 
SD = 0.04), respectively. Dietary WSC/CP had the 
highest ranked correlation and weighted correlation 
with NUE, reflecting that dietary WSC/CP was one of 
the major drivers of NUE (Table 1). Simple linear 
regression (Equations 1 to 4) also indicated that there 
was a moderate to strong correlation between MUN, 
WSC/CP, WSC, CP and NUE: 
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Figure 1. Scatter plot of (a) treatment means of milk 
urea nitrogen (n = 33 cows) and (b) water soluble 
carbohydrates to crude protein ratio (WSC/CP) 
(n = 20 cows) against nitrogen use efficiency of cow
groups raised on New Zealand pasture. 
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NUE (g/g) = 0.32 - 0.007 × MUN 
(mmol/L) (r2 = 0.64; P <0.001)  [Equation 1] 

NUE (g/g) = 0.17 + 0.065 × WSC/CP 
(%/%) (r2 = 0.76; P <0.001)  [Equation 2] 

NUE (g/g) = 0.12 + 0.006 × WSC (%) 
(r2 = 0.70; P <0.001)  [Equation 3] 

NUE (g/g) = 0.37 - 0.007 × CP (%) 
(r2 = 0.51; P <0.001)  [Equation 4] 

Incorporating ‘trial’ as a random factor into the 
general linear model enhanced the relationships 
between MUN, WSC/CP, WSC, CP, and NUE 
(Equations 5 to 8). One of the reasons for this 
enhancement is likely to be the effect of different 
MUN analytical methods among the trials being 
considered (Broderick 2003). 

NUE (g/g) = 0.31 - 0.008 × MUN 
(mmol/L) (r2 = 0.84; P <0.001)  [Equation 5] 

NUE (g/g) = 0.15 + 0.086 × WSC/CP (%/%) 
(r2 = 0.79; P <0.001)  [Equation 6] 

NUE (g/g) = 0.08 + 0.008 × WSC (%) 
(r2 = 0.72; P = 0.001)  [Equation 7] 

NUE (g/g) = 0.39 - 0.008 × CP (%) 
(r2 = 0.80; P <0.001)  [Equation 8] 

A review by Reynolds and Kristensen (2008) 
showed that when dietary CP exceeded 20% of DM 
fed to cows, as may occur with protein 
supplementation, MUN excretion reached a plateau 
value. This may lead to a reduction in the sensitivity of 
using MUN to differentiate NUE. To explore this 
further, two levels of dietary CP were used to separate 
the data points in Figure 1a and 1b. It shows that there 
was a clear negative linear relationship between MUN 
and NUE when dietary CP was less than 20 % of DM 
(r2 = 0.73). On the other hand, no linear relationship 
was observed when dietary CP exceeded 20 % of DM 
(r2 = 0.003) (Figure 1a). Similarly, Figure 1b shows 
that WSC/CP was only a good indicator of NUE when 
the dietary CP <20 % of the DM being fed. Linear 
regression analysis showed the correlation coefficient 
was 0.72 and 0.058 between WSC/CP and NUE when 
dietary CP of less than 20% and more than 20% of the 
DM being fed, respectively. This may be due to excess 
nitrogen in the diet over and above that required by a 
lactating cow of a CP content in the diet of 18% of the 
DM, was mainly excreted through urine rather than 
being utilised for milk nitrogen production. This 
resulted in a low NUE (Pacheco & Waghorn 2008). 
Overall, this study illustrated that MUN and WSC/CP 
may be used to differentiate NUE of dairy cow groups 
raised on New Zealand pasture when the dietary CP is 
less than 20 % of the available DM. However, further 
validation is needed to confirm this finding using a 
larger data set. Alternative method to indicate NUE 
when dietary CP is more than 20% of DM should also 
be explored. 
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