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Abstract 
 
Milk urea nitrogen (MUN) is a critical biomarker for nitrogen efficiency in dairy systems, yet limited data exists for 
Eastern European dual-purpose breeds. This study evaluated MUN variation patterns in Romanian Brown and Romanian 
Simmental cattle to optimize nitrogen management and support EU environmental goals. We analyzed 4,311 test-day 
records from 544 cows (102 Romanian Brown, 442 Romanian Simmental) collected between 2020-2025 in year-round 
housed free-stall systems. Linear mixed models with REML estimation assessed effects of breed, season, lactation stage, 
parity, and their interactions on MUN concentration. Mean MUN was 10.93±5.50 mg/dl with significant seasonal 
variation (p<0.001), showing spring peaks (12.91 mg/dl) and winter lows (8.62 mg/dl) despite continuous indoor housing. 
A significant breed × season interaction (p<0.001) revealed differential responses: Romanian Brown exhibited greater 
seasonal amplitude (5.16 mg/dl range) versus Romanian Simmental (3.51 mg/dl). The model explained 33.9% of total 
variance with moderate repeatability (ICC=0.1145). Dual-purpose Romanian cattle show pronounced seasonal MUN 
patterns with breed-specific responses, indicating opportunities for targeted nutritional management and genetic selection 
to improve nitrogen efficiency while meeting environmental regulations. 
 
Key words: milk urea nitrogen; dual-purpose cattle; seasonal variation; breed × season interaction. 
 

Milk urea nitrogen (MUN) represents a 
critical biomarker for monitoring nitrogen 
metabolism efficiency and environmental 
sustainability in dairy production systems. MUN 
reflects the balance between dietary crude protein 
and energy availability in the rumen, with urea 
being produced in the liver from ammonia derived 
mainly from the breakdown of protein in the rumen 
and from normal daily metabolism of absorbed 
amino acids and body protein (Broderick and 
Clayton, 1997). As dairy farming intensifies 
globally, understanding the factors influencing 
MUN concentration has become essential for 
optimizing protein nutrition, reducing nitrogen 
excretion, and improving farm profitability. 

The concentration of MUN varies 
substantially due to multiple factors including 
breed, season, feeding system, and lactation stage. 
Recent research has demonstrated that housed dairy 
cattle exhibit pronounced seasonal MUN patterns, 
with significant variations in confined Canadian 
herds where BTMUN and WHMUN values during 
the pasture season were significantly higher than 
during the non-pasture season (Arunvipas et al., 
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2003). These seasonal variations persist in confined 
systems, challenging the assumption that controlled 
feeding eliminates environmental effects on 
nitrogen metabolism. A number of factors have 
been shown to affect the relationship between milk 
and blood urea nitrogen, including dietary protein 
level and time and frequency of feeding and milking 
(Spek et al., 2013). 

Breed differences in MUN concentration 
have emerged as a significant area of investigation, 
particularly regarding dual-purpose cattle. Kessler 
et al. (2020) documented that Brown Swiss cows 
have significantly higher MUN than Holstein under 
identical feeding and management conditions (p < 
0.0001), suggesting genetically-determined 
differences in nitrogen metabolism that are not 
related to milk production. Similarly, Wattiaux et al. 
(2005) reported mean test-day MUN of 12.7, 14.6, 
and 14.4 mg/dl in Holstein, Jersey, and Brown 
Swiss breeds respectively, with 24%, 45%, and 42% 
of records above 14.5 mg/dl in single-breed herds. 
These breed-specific patterns have important 
implications for developing targeted nutritional 
strategies and genetic selection programs. 
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