Determining the N isotopic fractionation of lactating Holstein Friesian dairy cows to use as a
predictor of nitrogen use efficiency

Inga J. Barnett'?, Richard J. Dewhurst?, Alastair I. Macrae? and John R. Newbold*

I Dairy Research and Innovation Centre, SRUC, Barony Campus, Parkgate, Dumfries, DG1 3NE.
2 The Roslin Institute and The Royal (Dick) School of Veterinary Studies, Easter Bush Campus,
University of Edinburgh, Midlothian, EH25 9RG, UK.

The increasing demand for sustainable dairy farming focuses on reducing nitrogen losses due to their
environmental impacts. Simple measure of Nitrogen Use Efficiency (NUE), measured as the ratio of
nitrogen output in milk to dietary intake, is costly and does not account for the accretion and
mobilisation of body tissue protein. Biomarkers, such as N isotopic fractionation (AN), that are easily
measurable and potentially more accurate than simple measures of NUE, are being explored. This
investigation aimed to determine if changes in body N affected N isotope fractionation in lactating
dairy cows and evaluate its suitability as a proxy for NUE. Objectives included assessing differences in
N isotope fractionation between primiparous and multiparous cows and evaluating the effects of early
lactation and diet. Milk samples from the Langhill herd were obtained from a single sampling occasion
during 2018 (n=138) from both primiparous and multiparous cows and a diverse range of lactation
stage (average days in milk (DIM) = 158; SD = 87.6). Cows were milked three times per day and milk
samples from each cow were taken at the midday milking. Feed and milk samples were analysed for
Nitrogen-15 content (6'°N; %o) using isotope-ratio mass spectrometry (Sercon Analytical Ltd., Crewe,
UK). Principal component analysis and partial least squares regression identified key predictors of A°N
, focussing on the effects of NUE, parity, feed type, genetic group and DIM. AN was significantly
affected by DIM, showing varied nitrogen utilisation throughout lactation, primarily due to nitrogen
mobilisation in early lactation. Additionally, parity influenced AN, with primiparous cows exhibiting
lower AN than multiparous cows, indicating different nitrogen prioritisation based on growth status.
These findings highlight the complex interaction between metabolic processes and nitrogen efficiency.
AN offers valuable insights beyond simple measures of NUE, capturing variations in N use at both
digestive and metabolic levels and serving as an effective proxy for NUE.
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Novel technology GenoCells (GC) enables evaluation of somatic cell counts (SCC) of individual
cows from a single bulk tank milk sample. Mastitis management on UK farms remains
challenging, with farmers typically relying on fortnightly/monthly milk recording services to
identify cows with high SCC. However, this approach requires time consuming and costly
individual animal sampling. GenoCells overcomes this limitation by analysing a single bulk tank
sample and identifying individual cows contributing most to the total SCC. This relies on the full
herd being genotyped, as GC compares the genotype of each SC in the bulk sample to the herd
genotypes. The technology is still under development, and assessment ongoing to compare GC
accuracy with standard milk recording (SMR). This is particularly of interest as herd size
increases, as larger herds contribute more somatic cells/DNA, potentially affecting prediction
accuracy. We conducted an experimental trial on a 600-cow dairy on two dates (March and April
2025), comparing GC-predicted SCC from bulk tank samples to individual SMR values. Bulk tank
samples were obtained to simulate herds of increasing size (100, 200, 300, 400, 500, and 600
cows). Spearman correlations showed significant positive agreement between GC-SCC and
SMR-SCC, though correlations decreased as herd size increased from 64% and 67% to 44% and
43% for March and April, respectively.

Table 1. Weighted Cohen's kappa between Genocells- and standard milk recording-predicted
health categories based on somatic cell count.

Group size (no. of cows) March April
100 80% 76%
200 79% 81%
300 78% 75%
400 76% 70%
500 74% 68%
600 63% 63%

To assess impact on management decisions, cows were categorised as healthy (<100x1000
cells/ml), low risk (<200), subclinical mastitis (<400), or mastitis (>400) based on GC-SCC (for
each herd size) and SMR-SCC. Weighted kappa analyses showed substantial agreement between
GC-SCC and SMR-SCC across herd sizes (Table 1). Results indicate that whilst accuracy
decreases with herd size, in a 600-cow herd, 63% of cows selected for treatment based on SMR-
SCC would still be selected for treatment under the GC strategy. We are now exploring
approaches to improve accuracy in large herds, e.g., taking a second sample per herd. This work
has shown that GC accurately identifies high SCC cows, whilst requiring less time and effort than
individual cow sampling, allowing for easier on-farm mastitis management.



