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Simple Summary: Society is aware of the negative environmental impacts of pastoral
livestock production systems, mainly the emission of greenhouse gases and water and air
pollution. A great concern is the concentration of urinary N that leaches into groundwater.
However, previous research has shown that there are solutions and strategies to reduce
such impacts. Some cows, for instance, have much less environmental impact, alongside
producing milk with greater protein content and nutraceutical value for human consump-
tion. If cows present different traits and, therefore, different milk yield /composition and
environmental impact, we can select only cows within a herd whose traits are more benefi-
cial to the system. In this present work, we are proposing a methodology to select cows
that have lower N excretion as a strategy to reduce N losses to the environment and create
healthier systems.

Abstract: The societal pressure on intensive pastoral dairying demands the search for
strategies to reduce the amount of N flowing through and excreted by dairy cows. One of
the strategies that is being currently explored focuses on the animal as a solution, as there
are differences in N metabolism between cows even within the same herd. This work was
conducted to explore such an approach in A1PF herds in New Zealand and the possibility
of identifying A1PF cows that are divergent for milk urea nitrogen (MUN) concentration
through phenotyping as a potential viable strategy to reduce N leaching and emissions
from temperate dairy systems. Three herd tests were conducted to select a population
sample of 200 cows (exhibiting the lowest 100 and highest 100 MUN concentrations). Milk
samples were collected from the 200 cows during mid and late lactation to test for milk
solids content and MUN. From the 200 cows, urine for urinary N concentration (UN),
blood for plasma urea N, total antioxidants (TAS), and glutathione peroxidase (GPx) were
collected from the 20 extremes (the lowest 10 and highest 10 MUN concentrations). Milk
urea N was greater in cows selected as high-MUN cows (16.2 vs. 14.32 + 0.23 mg/dL)
and greater during late lactation (16.9 vs. 13.0 & 0.19 mg/dL). Milk solids and fat content
were 38% and 20% greater in cows selected as low-MUN cows than in high-MUN cows
during mid lactation (p < 0.001). Low-MUN cows had lower UN than high-MUN cows
during mid lactation (0.64 vs. 0.88 £ 0.11%). The N concentration in the plasma (p = 0.01)
and Tas (p = 0.06) were greater during late lactation. There was a positive relationship
between the MUN concentration phenotype used for selection and the MUN concentration
for the trial period and MUN concentration and UN concentration during mid and late
lactation (p < 0.001). Our results suggest that A1PF cows within a commercial herd can
be phenotyped and selected for low-MUN, which may be potentially a viable strategy
to reduce N losses to the environment and create healthier systems. Following genetic
tracking, those cows can be bred to further promote low-MUN A1PF herds.
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1. Introduction

Pastoral livestock-production systems are under increasing environmental, social, and
consumer pressures to reduce environmental impact [1]. Pastoral dairy production systems
in temperate regions like New Zealand are no exception. A major concern in New Zealand
dairy farms is the amount of nitrogen fertilizer applied to maintain high productivity and
high protein content pastures. The concern relates to the known inefficiency of nitrogen (N)
utilization by dairy cows [2]. Approximately only 30% of the N ingested is in fact utilized
to support animal production (e.g., milk, live weight gain), with the remaining N excreted,
mainly (over 60%) as urinary nitrogen (UN) [2—4].

It has been reported that, in pasture-based dairy production systems, approximately
82% of the UN excreted is discharged onto pastures [5,6], with typically 20-30% of the
N lost in this manner leached to the waterways and 2% lost as N>O. High levels of N in
waterways have been associated with environmental pollution. Moreover, N losses to the
environment can also be detrimental to human health. ‘Blue baby syndrome” is a health
problem that has been largely associated with high levels of nitrates in drinking water
resulting in methemoglobinemia in infants, which can be fatal in severe cases [7]. There is
also evidence of an increased risk of developing colorectal cancer [8], thyroid disease [9],
and neural tube defects [10] from high levels of nitrates consumed in drinking water.

All the above confirms the need to explore strategies to reduce the amount of N flow-
ing through and excreted by dairy cows and respond to the societal pressures regarding
intensive pastoral dairying. Some potential approaches include feeding strategies, such
as using different feed with lower protein content or dilution properties [11,12], and man-
agement strategies, such as limiting the intensification of farms by proposing reference
values of inputs and outputs (N fertilizer and supplements, stocking rate, and produc-
tivity) [13]. Alternatively, focusing on individual animals, Marshall and Gregorini [14]
propose the ‘search for” animals that have a lower environmental impact using commercial
farm-based phenotyping, as animal-based solutions are permanent, cumulative, and often
more cost-effective system-based approaches [13,15,16].

Marshall and Gregorini [14] used the animal-based solution approach in New Zealand
herds and were successful in identifying cows within a herd with reduced N excretion in
their urine, greater frequency of urination with smaller volume, and lower N concentra-
tion [17]. Furthermore, those cows produced milk with a greater content of protein [17].
Following their approach, a commercial farm with only A1l Protein Free (A1PF) cows, also
in New Zealand, participated in this current study to determine if low-MUN cows were
also present in A1PF herds and if phenotyping could be used to identify these individuals.
Because urea equilibrates within bodily fluids [18], the relationship between UN and MUN
is linear [19], which is also correlated with urea N concentration in plasma [18]. On the
other hand, the correlation between MUN and milk protein content is negative [20,21].
That means that cows with lower UN excretion will most likely allocate the dietary N from
plasma into other outputs than urine, such as milk protein, potentially increasing farm
profitability [17]. The heritability of MUN for dairy cows in New Zealand was calculated
as 0.22 [20]. In other words, in dairy cows, 22% of the phenotypic variation for MUN is due
to genetics, which indicates that cows can be selected and bred for low-MUN. Therefore,
MUN could be a useful phenotyping tool for improving N use efficiency [22] and mini-
mizing the environmental impacts of pastoral dairying in temperate regions by creating
low-MUN herds.
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Phenotypes are a product of genotype and development within a particular environ-
ment. Therefore, with variable environments and a constant phenotype over time, breeding
A1PF low-MUN phenotypes could emerge as a genetic selection strategy tool to address
both impacts. This work presents the identification of low-MUN A1PF cows within a large
commercial A1PF herd and a detailed follow-up of those cows in terms of UN to assess the
potential reduction in environmental impact.

2. Materials and Methods
2.1. Research Sites, Animals and Phenotyping

The study was conducted in two commercial A1PF herds from Align farms Ltd.,
Canterbury, New Zealand (44°00'58.8"” South 171°25'34.4" East) from September 2023 to
March 2024. As an on-farm trial, specific measurements such as individual milk yield, dry
matter intake, and urine volume were not available, so the study was designed according
to the possible measurements to be taken.

The two herds totaled 1600 Holstein—Friesian cows (liveweight of 520 &+ 50 kg and
7.35 £ 0.85% milk solids (fat + protein concentration) per day), calving between mid-
July and mid-August (2023) and phenotyped for MUN excretion (three consecutive milk
samplings) in October (i.e., early lactation). A population sample of 200 cows was then
chosen based on MUN values (the lowest 100 and highest 100 MUN). These two MUN
contrasting groups of cows were then evaluated over lactation at two points—mid (around
early February) and late lactation (around the end of March) for milk composition. From
then, we selected the 20 extreme cows (with the lowest 10 and highest 10 MUN concentra-
tions), which were also evaluated for blood and urine urea concentration as well as total
antioxidant status, as described below (more information about the selected cows can be
found in the Supplementary Materials). All the selected cows were allocated to the same
herd and grazed on perennial ryegrass (Lolium perenne L.)-based swards during sampling
times at mid and late lactation.

The number of animals used was based on a power analysis conducted for finding
statistical differences in urinary urea nitrogen (UUN) between high- and low-MUN breed-
ing value cows based on Marshall, Beck [23] (n = 8, SD = 0.38). With the desired power of
95% and a significance level of 0.05, an expected difference of 1.02 could be detected using
seven experimental units for each treatment. Considering the same study (n =8, SD = 0.19),
with the desired power of 95% and a significance level of 0.05, 82 experimental units would
be needed to find an expected difference of 0.17 between high- and low-MUN breeding
value cows for total milk solids production.

2.2. Measurements

Herbage samples were collected by hand-plucking during pre-grazing for DM-based
botanical and chemical composition. For chemical composition, a subsample was freeze-
dried, ground to pass through a 1 mm sieve (ZM200 Retsch), and analyzed by using
near-infrared spectrophotometry (NIRS, Model: FOSS NIRSystems 5000, Silver Spring,
MD, USA). Chemical composition values used for NIRs calibration were derived before
sample analysis for DM (AOAC, 1990; method 930.15), NDF [24], ADF [25] (method 973.18),
WSC [26], DOMD, DMD [27], CP by combustion (Variomax CN Analyser Elementar,
Marlton, NJ, USA), and OM by digestibility [27]. NIRs calibration equations all had R2
values greater than 0.90 and were within the calibration range.

Milk samples were analyzed for urea, protein, fat, and lactose concentrations and
somatic cell count (MilkTest New Zealand, Hamilton, New Zealand) using a CombiFoss
machine (Foss Electric, Hillered, Denmark).
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Urine samples were obtained by stimulating the vulva to induce urination and imme-
diately acidified with sulphuric acid to prevent ammonia (NH3) volatilization. The urea
UN concentration was determined using a commercial enzymatic kinetic technique in an
automatic clinical analyzer (Randox Daytona; Crumlin, UK). Urea UN concentration was
the target trait measured, as N intake has little effect on the urinary non-urea fraction of
total urinary N, whereas N intake explains 92 to 99% of the additional N excretion in urine
in the form of urea [28].

Blood samples were collected via venipuncture of the coccygeal vein into 10 mL
lithium heparinized evacuated tubes (Greiner Bio-One International GmbH, Kremsmunster,
Austria). A subsample of the whole blood was taken for further glutathione peroxidase
(GPx) analysis using an enzymatic method, according to the manufacture’s specifications
(RANSEL, Cat. No. RS504; Crumlin, UK). The remaining blood was centrifuged at 3000 g
for 10 min at 4 °C using a Megafuge 1.0R (Heraeus Holding GmbH, Hanau, Germany) to
obtain plasma. Plasma urea N (PUN) was determined with an enzymatic kinetic technique
using a clinical analyzer (Randox Daytona; Crumlin, UK). Plasma total antioxidant status
(TAS; Cat. No. NX2332) was analyzed according to the Randox kit manual using the
Randox Rx Daytona; Crumlin, UK).

2.3. Statistical Analysis

Statistical analyses were performed in R [29] using the Ime4 package [30]. The effects
of cows differing in MUN and sampling period (mid or late lactation) on milk solids, UN,
PUN, TAS, and GPx were tested using generalized linear mixed effects models. Group
(high or low) and sampling period (mid or late) were included as fixed effects, while
individual cows were considered random effects. The effects of group (low and high-MUN)
and sampling period, and their interaction, were determined by an analysis of deviance
table, using a type II Wald Chi-square test. The MUN phenotype of cows was modeled
on measured variables by including it and the sampling period as fixed terms, with days
of pregnancy, days in lactation nested with sampling period, and the age of the cow as
covariates. Model assumptions were adjusted graphically for normal distribution and
homoscedasticity of the residuals. Data were logarithmically transformed when they did
not respect model assumptions. Statistical significance was determined at p < 0.05 and
tendencies are discussed at 0.05 < p < 0.10.

3. Results

The botanical and chemical composition of the diet is presented in Table 1.

The difference between the lowest and the highest cow regarding MUN phenotype
during early lactation was 2.0 to 19.8 mg/dL.

Milk urea N was greater (Table 2) in the group of high-MUN cows (16.2 vs.
14.32 £ 0.231 mg/dL) and greater during late lactation (16.9 vs. 13.0 &= 0.19 mg/dL).
There was no difference between high and low-MUN cows for milk protein or lactose con-
tent. Milk fat content was on average 20% greater in low-MUN cows than their high-MUN
counterparts during mid lactation.

There was an interaction between the group and sampling period for UN (Table 3).
Low-MUN cows presented a lower UN than high-MUN cows during mid lactation
(0.64 vs. 0.88 &= 0.11%). Plasma urea N was numerically lower in low-MUN cows compared
to high-MUN cows, although there was no statistical difference (p = 0.15). Plasma urea N
(PUN) (p = 0.01) and TAS (p = 0.06) were both greater during late lactation.
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Table 1. Botanical and chemical composition of the herbage diet grazed by high- and low-MUN cows
during mid and late lactation.

Mid Lactation Late Lactation

Italian ryegrass (%) 1.87 0
Perennial ryegrass (%) 66.72 68.56
White clover (%) 12.51 6.88
Weed (%) 6.81 1.66
Dandelion (%) 10.50 6.96
Chicory (%) 0 3.56
Plantain (%) 0 3.06
Dead material (%) 1.59 9.29
DM % 20.76 28.48
OM, % DM 91.18 90.77
CP, % DM 18.55 20.7
NDF, % DM 39.71 36.55
ADF, % DM 23.30 21.62
WSC, % DM 18.22 17.91
DMD % 79.25 81.44

Italian ryegrass: Lolium multiflorum; Perennial ryegrass: Lolium perenne; White clover: Trifolium repens; Dandelion:
Taraxacum spp.; Chicory: Cichorium intybus; Plantain: Plantago lanceolata L. DM, dry matter; OM, organic matter;
CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; WSC, water-soluble carbohydrates;
DMD, dry matter digestibility.

Table 2. Mean and standard deviation of milk urea N and milk solids from cows differing in MUN

(milk urea N breeding value) during mid and late lactation (High = high N and Low = low N);

n = 200.
Mid Lactation Late Lactation p-Value
High Low SD High Low SD Group  Lactation Inter.
MUN mg/dL 14.68 12.56 2.86 17.75 16.11 2.73 <0.001 <0.001 0.19
Milk protein % 4.25 4.29 0.32 4.58 4.59 0.38 0.37 <0.001 0.93
Milk fat % 2.77 3.47 1.77 5.36 5.31 1.26 0.04 <0.001 0.01
Lactose % 5.05 5.07 0.20 4.77 4.79 0.18 0.47 <0.001 0.81
SSC 78 x 10° 31 x 10° 72 x 10> 57 x 10° 0.53 0.56 0.11
p-value lower than 0.05 means significative difference. Inter. = interaction between group and sampling period.
Table 3. Mean and standard deviation of urinary nitrogen (UN %), plasma urea N (PUN %), total
antioxidants (Tas mmol/L), and glutathione peroxidase (GPx U/L) from cows differing in MUN
(milk urea N breeding value) during mid and late lactation (High = high N and Low = low N); n = 20.
Mid Lactation Late Lactation p-Value
High Low SD High Low SD Group Lactation Inter.
UN % 0.88 0.64 0.11 0.67 0.64 0.22 0.06 0.01 0.06
PUN (mmol/L) 7.97 7.56 1.31 8.93 7.96 0.77 0.15 0.01 0.35
Tas (mmol/L) 0.74 0.79 0.17 0.82 0.93 0.15 0.16 0.11 0.82
GPx (U/L) 41,161.95 47,190.86 11,9909 44,194.23 47,660 12,025.2 0.51 0.82 0.86

p-value lower than 0.05 means significative difference. Inter. = interaction between group and stage of lactation.

The protein content of milk was greater during late lactation than early lactation
(4.6 vs. 4.3 £ 0.38%; p = 0.02), and the lactose content was greater during mid lactation
than late lactation (5.06 vs. 4.78 & 0.18, p < 0.0001). There was no effect of MUN on protein
(p = 0.23) or lactose content (p = 0.17). The percentage of fat in milk increased in late
lactation (5.3 £1.26%) compared with mid lactation (3.1 & 1.86%, p < 0.01). The fat content
of milk decreased by 0.03 &£ 0.01% per unit increase in MUN (p < 0.01) across both stages
of lactation.



Animals 2025, 15, 32 6of 11

Milk urea N increased by 23.8% in late as compared with mid lactation (13.6 to
16.8 mg/dL, p < 0. 01). The values of MU during mid and late lactation were positively cor-
related with cows” MU values during the herd phenotyping, increasing 0.35 &+ 0.04 mg/dL
per unit increase in MUN at the phenotyping (p < 0.01, Figure 1). Similar results were found

for the 20 extremes of low- and high-N cows. Milk urea N increased by 22% in late as com-
pared with mid lactation (20.4 to 15.8 mg/dL, p < 0.01), and there was a 0.36 £ 0.19 mg/dL
increase in MUN during mid and late lactation per unit increase in MUN at the phenotyping
(p < 0.01).

50
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MUN (mg/dL) phenotyping
Figure 1. The milk urea N (MUN) values from cows during sampling points at mid and late lactation
are affected by the cow MUN value at the phenotyping. For every one-unit increase in MUN at the
phenotyping, there was a subsequent 0.35 mg increase in N from urea per dL of milk (p < 0.0001).
The sampling period affected the intercept of the regression line (p < 0.0001). The regression model’s
adjusted R? = 0.32.

Urea UN concentration was positively correlated with cows” MUN values during the
herd phenotyping, increasing in 0.07 g/L urine N from urea per unit increase in MUN
at the phenotyping (p = 0.03) across both stages of lactation. There was a tendency for
sampling periods to affect the intercept of the regression line for UN. The intercept was
1.63 for mid lactation and 2.75 g UN from urea per L of urine for late lactation (p = 0.09).

The intercept of the regression line for PUN changed from mid to late lactation from
11.3 to 4.7 g blood N from urea per L of blood (p = 0.03). However, there was no effect
of MUN at the phenotyping on PUN during mid and late lactation (p = 0.28). There was
no effect of MUN on TAS (p = 0.16) and GPx (p = 0.51) concentration in blood, but there
was a tendency for a reduction of 15% TAS in mid lactation as compared to late lactation
(p = 0.06).

4. Discussion

A herd of 1600 A1PF dairy cows was phenotyped for MUN and the 20 extreme cows
(the 10 highest and the 10 lowest cows for MUN concentration) were selected to investigate
the relationship between MUN and UN, PUN, milk solids, and other blood parameters
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over two stages during lactation. Our results indicate a positive linear relationship between
MUN and UN, and MUN and milk fat content, during mid and late lactation stages. It is
important to note that this is an on-farm trial, so not all animal measurements were available.
The interpretation of the results was speculated according to the measurements taken.

Based on this and previous reports [17], considering the heritability of MUN as 0.22
for dairy cows in New Zealand, a positive relationship between MUN and UN in A1PF
cows strongly suggests that these cows can be phenotyped, selected, and bred for low-
MUN as a strategy to reduce N source pollution to the environment. Between 2 and 3%
of the UN deposited onto pasture is converted to N,O [4], UN being the greater source
of N, O in pastoral livestock production systems and therefore representing a significant
detrimental effect to the environment [31]. In general, the UN excretion is in the order of
13 to 16 g per mg of MUN/dI per day. In our study, MUN varied from 5.50 to 24.78 mg/dL
during mid lactation and 10.31 to 25.2 mg/dL during late lactation. This would represent
a difference of 75 and 60% in UN excretion during mid and late lactation, respectively,
between the lowest and the highest MUN cow. Furthermore, based on MUN values,
UN increases 0.07 g/L per unit increase in MUN across both stages of lactation. Such a
reduction indicates that high-MUN cows would have greater UN as compared to low-MUN
cows; therefore, phenotyping, selecting and then breeding cows for low-MUN is a potential
strategy for N,O production in temperate pastoral livestock, but further research is required
to verify the accuracy of this technique.

Marshall et al. (2020) reported an average of 2.85 L per urine event, covering an area of
0.57 m? [32]. To illustrate our findings and the magnitude of the extremes based on which
potential selection for animals may occur, and assuming that the cows used in our study
would have the same urine volume per event and the same urination frequency based on
models proposed by Haynes and Williams [33] and Selbie, Buckthought [4], we estimated
the difference in UN deposited onto pasture between the lowest and the highest N cow:

UN g/L*VolL

— x 10
Area per urination event m?

UN rate kg/ha =

The expected differential load of UN per hectare (at urine patch level) between the
cow with the lowest and the highest MUN across both stages of lactation was 190 kg, which
would represent a 45% reduction in UN loading per ha. Since there is an exponential
relationship between N load onto pastures and N leaching [34,35], using the empirical
model of Di and Cameron [34], we calculated a difference of 41.37 kg NO3 N leached per
ha between the cow with the lowest and the highest MUN. Such a difference constitutes a
tremendous positive impact—i.e., a massive reduction in the negative impact of pastoral
dairying to the environment—that would allow us to speculate that, if all the cows in New
Zealand could be phenotyped and then selected for low MUN at the level found in our
study, future dairy impacts on both water and climate could be significantly reduced.

y = 16.7 + 0.17x 4 0.000071x2

where y = total NO3 N leached (kg/ha) and x = UN load onto pasture (kg/ha).
Considering that 2% of the urine deposited onto pasture is transformed to N,O [36,37]
and that N»O has a global warming potential 273 times the one of CO,, the lowest and
the highest MUN cows would, therefore, contribute to 1201.2 and 2238.6 kg of COzeq,
respectively. When considering milk solids and pollution intensity in terms of N,O, at
the same level of milk production, the lowest cow would emit 12.6 kg of COzeq per kg
of milk solids, while the highest cow would emit 27.36 kg of CO»¢q per kg of milk solids
produced. The reduction in both N,O and N leaching to waterways is one of the main
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societal environmental concerns to be alleviated in temperate pastoral dairy production
systems [4,38], since, as was mentioned before, such discharges of N to the environment
not only affect out planetary health but our human health, in terms of cancer, blue babies,
and more.

Low-MUN cows that exhibited lower UN excretion would also be expected to exhibit
lower N in blood, as they would need to partition N from the diet away from urine to
other N pools [20,39]. Blood urea is highly correlated with MUN and UN excretion due to
urea synthesis and use [19,40]. The urea comes from the ammonia produced in the rumen
from the microbial degradation of protein, synthesized by the liver, and released in the
blood to either be filtered by the kidneys and excreted in the urine, diffused into milk, or go
back to the gastrointestinal tract for microbial synthesis [41-43]. This means that animals
with high-MUN and PUN are less efficient at recycling urea to the gastrointestinal tract,
and both parameters are correlated [41,44]. In our study, though, MUN and UN were not
correlated to PUN, with no effect of MUN on milk protein content. This could be explained
by delayed blood sampling as compared to milk sampling. The lack of correlation could
also indicate a divergence in N partition towards muscles or faeces [20]. Greater N excretion
through faeces is favorable to the environment, as faecal N is more organically stable and
less volatile than urea in urine, readily converted to NHj3 [45]. Nitrogen partition to faeces
could indicate that the animals are more efficient in using dietary N, if milk protein content
is increased, or it could indicate a reduction in protein degradation in the rumen [45].
Either way, N partition away from urine to faeces is an environmental advantage. Since
the protein content in milk and PUN was not different between cows selected for high
MUN and those selected for low MUN, that could reflect differences in faeces due to the
difference in MUN and UN. Further research is needed regarding N partition to faeces in
cattle diverging in MUN phenotype.

Milk protein and fat increased during late lactation as compared to mid lactation, while
milk lactose content decreased, which agrees with previous research [17,46,47]. Greater
protein content is also a reflection of diet, as during late lactation the protein content of
the diet was greater than during mid lactation. Greater protein content in the herbage also
contributes to explaining a greater MUN during late lactation. Low-MUN cows, in addition
to having lower MUN and lower UN deposited onto pasture, also had greater milk fat
content than high-MUN cows, which may add to greater milk solid production.

In summary, phenotype equals genotype X environment; consequently, if the phe-
notype remains constant at variable environment, it can indicate a strong influence of
genotype on such features. In other words, breeding low-MUN phenotypes emerge as
a potential genetic selection strategy tool, including in A1PF herds, to improve N use
efficiency and reduce environmental impacts from temperate pastoral livestock production
systems. A one-unit increase in MUN during the phenotyping elicited an increase of
0.35 mg/dL in MUN during mid and late lactation. This indicates that cows are divergent
with MUN values and that they can be phenotyped and selected for low-MUN. As MUN
is a hereditable feature [48], phenotyping cows for low-MUN is part of the solution to
reduce N losses to the environment in temperate pastoral livestock production systems
in the short and long term. Nevertheless, this study was conducted in one herd and one
lactation, so further studies exploring other herds and other environments are needed
to confirm the phenotyping approach. In addition, since the study was conducted on a
commercial farm, some important measurements such as urine volume, dry matter intake,
and milk yield were unavailable. The conclusions of this study were speculated based on
the measurements taken, but further studies exploring other variables would enhance the
interpretation of the results. Furthermore, the genotyping of the selected cows could con-
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tribute to verifying the accuracy and applicability of using phenotyping as an animal-based
strategy to reduce N losses in temperate pastoral dairy systems.

5. Conclusions

The divergence between animals in terms of MUN and UN strongly suggests that
dairy cows, including those in A1PF herds, can be phenotyped and selected for low MUN.
Milk urea N is a hereditable feature (0.22) related to different genes, and the genotyping of
the selected animals could verify the accuracy and applicability of such a strategy. However,
since genotyping is still not an easy and affordable method for farmers, phenotyping would
be a provisory strategy to potentially create low-MUN herds, by selecting MUN cows and
breeding them with low-MUN breeding value bulls. The phenotyping was performed
during herd tests for milk composition, which are already a common practice in New
Zealand dairy farms. If further studies in other herds and environments confirm the use
of phenotyping to select low-MUN cows, phenotyping could be a practical technique that
farmers could use as a viable strategy to reduce N losses to the environment in temperate
pastoral livestock production systems in the short and long term.
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Author Contributions: Conceptualization, P.G.; methodology, P.G. and F.C.P,; writing—original draft
preparation, F.C.P; All authors contributed to data acquisition and analysis. All authors contributed
to the review and editing of the manuscript. All authors have read and agreed to the published

version of the manuscript.
Funding: The a2 Milk Company Limited provided funding to support the work undertaken.

Institutional Review Board Statement: The study received approval for animal manipulation from
the Lincoln University Ethics committee (AEC 2023-38).

Informed Consent Statement: Written informed consent has been obtained from the animals owner.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request.

Acknowledgments: The authors would like to thank Align Farms for their co-operation and access
to their herd and farm for this study. The authors also acknowledge the invaluable assistance of Bella
Orellana-Howe and Sara Arroyave in the conducting of this experiment, along with the technician
from Lincoln University that performed all the laboratory analysis.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Gregorini, P; Villalba, ].J.; Chilibroste, P.; Provenza, F.D. Grazing management: Setting the table, designing the menu and
influencing the diner. Anim. Prod. Sci. 2017, 57, 1248-1268. [CrossRef]

2. Castillo, A.R.; Kebreab, E.; Beever, D.; France, J. A review of efficiency of nitrogen utilisation in lactating dairy cows and its
relationship with environmental pollution. J. Anim. Feed Sci. 2000, 9, 1-32. [CrossRef]

3. Kebreab, E.; France, ].; Beever, D.E.; Castillo, A.R. Nitrogen pollution by dairy cows and its mitigation by dietary manipulation.
Nutr. Cycl. Agroecosyst. 2001, 60, 275-285. [CrossRef]

4.  Selbie, D.R,; Buckthought, L.E.; Shepherd, M. A. The challenge of the urine patch for managing nitrogen in grazed pasture systems.
Adv. Agron. 2015, 129, 229-292.

5. Clark, C.; Waghorn, G.; Gregorini, P.; Woodward, S.; Clark, D. Diurnal pattern of urinary and faecal nitrogen excretion by dairy
cows fed ryegrass pasture twice daily indoors. Adv. Anim. Biosci. 2010, 2, 269.

6. Oudshoorn, EW.; Kristensen, T.; Nadimi, E.S. Dairy cow defecation and urination frequency and spatial distribution in relation to
time-limited grazing. Livest. Sci. 2008, 113, 62-73. [CrossRef]

7. Johnson, S.F. Methemoglobinemia: Infants at risk. Curr. Probl. Pediatr. Adolesc. Health Care 2019, 49, 57—67. [CrossRef]


https://www.mdpi.com/article/10.3390/ani15010032/s1
https://doi.org/10.1071/AN16637
https://doi.org/10.22358/jafs/68025/2000
https://doi.org/10.1023/A:1012668109662
https://doi.org/10.1016/j.livsci.2007.02.021
https://doi.org/10.1016/j.cppeds.2019.03.002

Animals 2025, 15, 32 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.
29.

30.

31.

32.

33.
34.

35.

Schullehner, J.; Hansen, B.; Thygesen, M.; Pedersen, C.B.; Sigsgaard, T. Nitrate in drinking water and colorectal cancer risk: A
nationwide population-based cohort study. Int. J. Cancer 2018, 143, 73-79. [CrossRef]

Ward, M.H.; Jones, R.R.; Brender, ].D.; De Kok, T.M.; Weyer, PJ.; Nolan, B.T.; Villanueva, C.M.; Van Breda, S.G. Drinking water
nitrate and human health: An updated review. Int. ]. Environ. Res. Public Health 2018, 15, 1557. [CrossRef]

Brender, ].D.; Olive, ].M.; Felkner, M.; Suarez, L.; Marckwardt, W.; Hendricks, K.A. Dietary nitrites and nitrates, nitrosatable
drugs, and neural tube defects. Epidemiology 2004, 15, 330-336. [CrossRef]

Robertson, C.; Schipper, L.; Pinxterhuis, I.; Edwards, ].P.; Doole, G.; Romera, A.New Zealand dairy farm system solutions that
balance reductions in nitrogen leaching with profitability—a case study. N. Z. J. Agric. Res. 2023, 1-21. [CrossRef]

Luo, J.; Ledgard, S. New Zealand dairy farm systems and key environmental effects. Front. Agric. Sci. Eng. 2021, 8, 148-158.
[CrossRef]

Beukes, P; Scarsbrook, M.; Gregorini, P.; Romera, A.; Clark, D.; Catto, W. The relationship between milk production and farm-gate
nitrogen surplus for the Waikato region, New Zealand. J. Environ. Manag. 2012, 93, 44-51. [CrossRef] [PubMed]

Marshall, C.J.; Gregorini, P. Animal as the Solution: Searching for Environmentally Friendly Dairy Cows. Sustainability 2021,
13,10451. [CrossRef]

Waghorn, G.; Hegarty, R. Lowering ruminant methane emissions through improved feed conversion efficiency. Anim. Feed Sci.
Technol. 2011, 166, 291-301. [CrossRef]

Brito, L.; Bédere, N.; Douhard, F.; Oliveira, H.; Arnal, M.; Pefiagaricano, F.; Schinckel, A.; Baes, C.F.; Miglior, F. Genetic selection of
high-yielding dairy cattle toward sustainable farming systems in a rapidly changing world. Animal 2021, 15, 100292. [CrossRef]
Marshall, C.; Beck, M.; Garrett, K.; Barrell, G.; Al-Marashdeh, O.; Gregorini, P. Grazing dairy cows with low milk urea nitrogen
breeding values excrete less urinary urea nitrogen. Sci. Total Environ. 2020, 739, 139994. [CrossRef]

Butler, W.; Calaman, J.; Beam, S. Plasma and milk urea nitrogen in relation to pregnancy rate in lactating dairy cattle. J. Anim. Sci.
1996, 74, 858-865. [CrossRef]

Jonker, ].; Kohn, R.; Erdman, R. Using milk urea nitrogen to predict nitrogen excretion and utilization efficiency in lactating dairy
cows. J. Dairy Sci. 1998, 81, 2681-2692. [CrossRef]

Beatson, P; Meier, S.; Cullen, N.; Eding, H. Genetic variation in milk urea nitrogen concentration of dairy cattle and its implications
for reducing urinary nitrogen excretion. Animal 2019, 13, 2164-2171. [CrossRef]

Lopez-Villalobos, N.; Correa-Luna, M.; Burke, J.; Sneddon, N.; Schutz, M.; Donaghy, D.; Kemp, P. Genetic parameters for milk
urea concentration and milk traits in New Zealand grazing dairy cattle. NZJ Anim. Sci. Prod. 2018, 78, 56-61.

Huhtanen, P.; Cabezas-Garcia, E.; Krizsan, S.J.; Shingfield, K. Evaluation of between-cow variation in milk urea and rumen
ammonia nitrogen concentrations and the association with nitrogen utilization and diet digestibility in lactating cows. J. Dairy Sci.
2015, 98, 3182-3196. [CrossRef] [PubMed]

Marshall, C.J.; Beck, M.R,; Garrett, K.; Barrell, G.K.; Al-Marashdeh, O.; Gregorini, P. Nitrogen balance of dairy cows divergent for
milk urea nitrogen breeding values consuming either plantain or perennial ryegrass. Animals 2021, 11, 2464. [CrossRef] [PubMed]
Van Soest, P.v.; Robertson, ].B.; Lewis, B.A. Methods for dietary fiber, neutral detergent fiber, and nonstarch polysaccharides in
relation to animal nutrition. J. Dairy Sci. 1991, 74, 3583-3597. [CrossRef] [PubMed]

AOAC. Official Methods of Analysis; AOAC: Washington, DC, USA, 1990.

MAFF. Carbohydrates, Soluble, in Herbage. In The Analysis of Agricultural Materials; Her Majesty’s Stationery Office (HMSO):
London, UK, 1986.

Iowerth, D.; Jones, H.; Hayward, M.V. The effect of pepsin pretreatment of herbage on the prediction of dry matter digestibility
from solubility in fungal cellulase solutions. J. Sci. Food Agric. 1975, 26, 711-718. [CrossRef]

Marini, J.; Van Amburgh, M. Nitrogen metabolism and recycling in Holstein heifers. J. Anim. Sci. 2003, 81, 545-552. [CrossRef]
R Core Team. R: A Language And Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna,
Austria, 2013.

Bates, D.; Méchler, M.; Bolker, B.; Walker, S. Fitting linear mixed-effects models using Ime4. J. Stat. Softw. 2015, 67, 1-48. [CrossRef]
Chadwick, D.; Cardenas, L.; Dhanoa, M.; Donovan, N.; Misselbrook, T.; Williams, J.; Thorman, R.; McGeough, K.; Watson, C.J.;
Bell, M. The contribution of cattle urine and dung to nitrous oxide emissions: Quantification of country specific emission factors
and implications for national inventories. Sci. Total Environ. 2018, 635, 607-617. [CrossRef]

Romera, A.].; Levy, G.; Beukes, P.C.; Clark, D.A.; Glassey, C.B. A urine patch framework to simulate nitrogen leaching on New
Zealand dairy farms. Nutr. Cycl. Agroecosyst. 2012, 92, 329-346. [CrossRef]

Haynes, R.; Williams, P.H. Nutrient cycling and soil fertility in the grazed pasture ecosystem. Adv. Agron. 1993, 49, 119-199.

Di, H.J.; Cameron, K.C. Nitrate leaching losses and pasture yields as affected by different rates of animal urine nitrogen returns
and application of a nitrification inhibitor—A lysimeter study. Nutr. Cycl. Agroecosystems 2007, 79, 281-290. [CrossRef]

Li, EY,; Betteridge, K.; Cichota, R.; Hoogendoorn, C.J.; Jolly, B.H. Effects of nitrogen load variation in animal urination events on
nitrogen leaching from grazed pasture. Agric. Ecosyst. Environ. 2012, 159, 81-89. [CrossRef]


https://doi.org/10.1002/ijc.31306
https://doi.org/10.3390/ijerph15071557
https://doi.org/10.1097/01.ede.0000121381.79831.7b
https://doi.org/10.1080/00288233.2023.2269136
https://doi.org/10.15302/J-FASE-2020372
https://doi.org/10.1016/j.jenvman.2011.08.013
https://www.ncbi.nlm.nih.gov/pubmed/22054570
https://doi.org/10.3390/su131810451
https://doi.org/10.1016/j.anifeedsci.2011.04.019
https://doi.org/10.1016/j.animal.2021.100292
https://doi.org/10.1016/j.scitotenv.2020.139994
https://doi.org/10.2527/1996.744858x
https://doi.org/10.3168/jds.S0022-0302(98)75825-4
https://doi.org/10.1017/S1751731119000235
https://doi.org/10.3168/jds.2014-8215
https://www.ncbi.nlm.nih.gov/pubmed/25771060
https://doi.org/10.3390/ani11082464
https://www.ncbi.nlm.nih.gov/pubmed/34438921
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://www.ncbi.nlm.nih.gov/pubmed/1660498
https://doi.org/10.1002/jsfa.2740260518
https://doi.org/10.2527/2003.812545x
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1016/j.scitotenv.2018.04.152
https://doi.org/10.1007/s10705-012-9493-1
https://doi.org/10.1007/s10705-007-9115-5
https://doi.org/10.1016/j.agee.2012.07.003

Animals 2025, 15, 32 11 of 11

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Gregorini, P; Beukes, P.C.; Dalley, D.; Romera, A.]. Screening for diets that reduce urinary nitrogen excretion and methane
emissions while maintaining or increasing production by dairy cows. Sci. Total Environ. 2016, 551, 32—41. [CrossRef] [PubMed]
IPCC (Intergovernmental Panel on Climate Change). IPCC Guidelines for National Greenhouse Gas Inventories; IPCC: Geneva,
Switzerland, 2006.

McLaren, R.; Cameron, K. The storage of water in soil. In Soil Science: Sustainable Production and Environmental Protection, 2nd ed.;
Oxford University Press: Oxford, UK, 1996; pp. 2—4.

Roseler, D.; Ferguson, J.; Sniffen, C.; Herrema, J. Dietary protein degradability effects on plasma and milk urea nitrogen and milk
nonprotein nitrogen in Holstein cows. . Dairy Sci. 1993, 76, 525-534. [CrossRef]

Broderick, G.A.; Clayton, M.K. A statistical evaluation of animal and nutritional factors influencing concentrations of milk urea
nitrogen. J. Dairy Sci. 1997, 80, 2964-2971. [CrossRef]

Souza, V.; Aguilar, M.; Van Amburgh, M.; Nayananjalie, W.; Hanigan, M. Milk urea nitrogen variation explained by differences in
urea transport into the gastrointestinal tract in lactating dairy cows. J. Dairy Sci. 2021, 104, 6715-6726. [CrossRef]

Batista, E.; Detmann, E.; Titgemeyer, E.C.; Valadares Filho, S.; Valadares, R.; Prates, L.; Renn6, L.; Paulino, M. Effects of varying
ruminally undegradable protein supplementation on forage digestion, nitrogen metabolism, and urea kinetics in Nellore cattle
fed low-quality tropical forage. J. Anim. Sci. 2016, 94, 201-216. [CrossRef]

Reynolds, C.; Kristensen, N.B. Nitrogen recycling through the gut and the nitrogen economy of ruminants: An asynchronous
symbiosis. J. Anim. Sci. 2008, 86, E293-E305. [CrossRef]

Kohn, R.; Dinneen, M.; Russek-Cohen, E. Using blood urea nitrogen to predict nitrogen excretion and efficiency of nitrogen
utilization in cattle, sheep, goats, horses, pigs, and rats. J. Anim. Sci. 2005, 83, 879-889.4. [CrossRef]

Wilson, R.L.; Bionaz, M.; MacAdam, ].W.; Beauchemin, K.A.; Naumann, H.D.; Ates, S. Milk production, nitrogen utilization, and
methane emissions of dairy cows grazing grass, forb, and legume-based pastures. J. Anim. Sci. 2020, 7, skaa220. [CrossRef]
DePeters, E.; Taylor, S.; Finley, C.; Famula, T. Dietary fat and nitrogen composition of milk from lactating cows. J. Dairy Sci. 1987,
70,1192-1201. [CrossRef] [PubMed]

Nickerson, S. Milk production: Factors affecting milk composition. In Milk Quality; Springer: Berlin/Heidelberg, Germany, 1995;
pp. 3-24.

Jahnel, R.; Blunk, L.; Wittenburg, D.; Reinsch, N. Relationship between milk urea content and important milk traits in Holstein
cattle. Animal 2023, 17, 100767. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.scitotenv.2016.01.203
https://www.ncbi.nlm.nih.gov/pubmed/26874758
https://doi.org/10.3168/jds.S0022-0302(93)77372-5
https://doi.org/10.3168/jds.S0022-0302(97)76262-3
https://doi.org/10.3168/jds.2020-19787
https://doi.org/10.2527/jas.2015-9493
https://doi.org/10.2527/jas.2007-0475
https://doi.org/10.2527/2005.834879x
https://doi.org/10.1093/jas/skaa220
https://doi.org/10.3168/jds.S0022-0302(87)80131-5
https://www.ncbi.nlm.nih.gov/pubmed/3611475
https://doi.org/10.1016/j.animal.2023.100767
https://www.ncbi.nlm.nih.gov/pubmed/37141636

	Introduction 
	Materials and Methods 
	Research Sites, Animals and Phenotyping 
	Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

