
Theriogenology Insight: 7(3): 145-159, December 2017

DOI: 10.5958/2277-3371.2017.00032.8

Milk Urea Nitrogen as an Indicator of Nitrogen Metabolism 
Efficiency in Dairy Cows: A Review

Napoléon Munyaneza3*, J. Niyukuri2 and Y. El Hachimi1

1Department of Biology, Faculty of Sciences and Technologies, University Cadi-Ayyad; P.O. Box: 549, 40000, 
Marrakech, Morocco
2Department of Biology, Faculty of Sciences Semlalia, Cadi-Ayyad University. P.O. Box: 2390, 40090 
Marrakech, Marocco
3Department of Health and Animal Production, Faculty of Agronomy and Bio-engineering, University of 
Burundi. P.O. Box: 2940 Bujumbura, Burundi

*Corresponding author: munyaneza305@gmail.com

ABSTRACT

The milk urea nitrogen concentration can be used as a tool management of the nutritional strategies in dairy farm and of 
improving proteins utilization efficiency by dairy cows. The level of dietary crude protein is the most nutritional factor that 
influence the milk urea nitrogen concentrations in lactating cows. Recent researches suggest that the milk urea nitrogen content 
depends mainly on the nitrogen/energy ratio in the diet, but other many factors may affect ureogenesis. Level and quality of 
protein contents, milk yield, season effects or lactation stage, parity and lactation number, weight and breed, feeding frequency 
and water intake are factors associated with the variation of milk urea concentration. Several studies have suggested that 
measuring milk urea nitrogen may serve as indicator to monitor nitrogen efficiency in dairy cows and to improve milk nitrogen 
production. However, the targeted milk urea nitrogen values for optimizing the nitrogen utilization efficiency are different from 
those required for milk protein production. Thus, an increase in milk protein production can be expected at milk urea nitrogen 
levels >11 mg/dL, while protein utilization efficiency is below this level (<11 mg/dL). Normal MUN values range from 10 to 
14 mg/dL, but for many countries, the recommended milk urea nitrogen values for cow’s milk are ideally ranged from 10 to 16 
mg/dL of milk. Finally, to ensure a balance between milk protein production and reducing urea nitrogen excretion in urine and 
milk, recent studies suggest to include 16.5% of crude protein supply in dairy cows diets.
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Urea is a main product of nitrogen metabolism 
synthesized in the liver from excess ammonia 
product derived from rumen-degraded proteins, 
digestible proteins in the small intestine and 
amino acids catabolized in different parts of 
the body and/or during glycogenesis processes 
in the liver (Schepers and Meijer, 1998). The 
urea secreted by the liver diffuses into blood, 
gains blood circulation and then excreted 
mainly asurine. The urea concentration tends 
to balance with blood and others body fluids 
such as saliva, genital secretions and milk 
(Butler, 1998). This balance reveals a positive 

correlation between the urea concentration in 
blood and urea in milk (Broderick and Clayton 
1997, Kauffman and St-Pierre, 2001).

In recent years, milk urea nitrogen (MUN) 
concentration arouse an interest in evaluating 
dietary strategies, dairy cow’s fertility (Butler 
et al., 1996) and provides an opportunity to 
monitor the nitrogen used for milk protein 
production or rejected in the environment 
(Nousiainen et al., 2004). Moreover, several 
authors reported relationships between dietary 
crude protein level, milk production and the 
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efficiency of the reproductive potential. Thus, 
high dietary protein intake stimulates milk 
production but may affect cow’s fertility in some 
situations (Jordan and Swanson, 1979; Kaim et 
al., 1983; Canfield et al., 1990).

On the environmental side, Kohn et al. (2002) 
have reported a close relationship between 
the level of crude protein in the ration and 
the amount of nitrogen released into the 
environment. In this way, 75-85% of the excess 
proteins consumed by a dairy cow are excreted 
in urine, feces and milk (Kohn et al., 2002; Spek, 
2013). Up to 50% excess of urea synthesized in 
the liver is excreted from body cow via urine 
(Tamminga, 1992) and accounts for almost 70-
80% of the total volume urinary nitrogen (Spek, 
2013). Thus, the MUN concentration gives more 
information to alert on nutritional drifts in dairy 
farms.

In particular, high or low levels of MUN 
concentrations indicate an inefficiency in the 
using of dietary proteins due to an imbalance 
between proteins and energy (Royet al., 2003). 
The variation in the MUN content is correlated 
with several nutritional factors which the most 
important are the protein-energy balance in the 
diet of lactating cows (Oltner and Wiktorsson, 
1983), the proteins degradability in the rumen 
and the availability of ammonia in the rumen in 
relation of rumen microbes capacity to capture 
it (Roseler et al., 1993).The highest MUN levels 
indicate excess degradable proteins in the 
rumen or an imbalance between the degradable 
and non-degradable protein associated at an 
energy deficiency in the diet (Geerts et al., 2004).

In contrast, lowest MUN concentrations are 
revealing deficiency of the protein supply, low 
protein degradation or a diet containing high 
proportion of ferment as cibles carbohydrates 
compared to degradable proteins available 
(Bruning – Fann, 1993).

In particular, monitoring milk urea is easily 
achievable compared to blood urea (Butler et 
al., 1996) and is very important for formulation 
of the optimal dietary that can lead to an 

improvement of milk production, reproduction, 
reducing costs feeds and potential nitrogen 
losses in the environment (Dufrasne et al., 
2010). Measurements of MUN variation should 
be considered as a management parameter to 
improve the dietary strategies of a dairy herd.

PRACTICAL IMPLICATIONS OF MUN

Definition

Milk proteins are composed of two major 
fractions of the total nitrogen: true proteins and 
non-protein nitrogen (NPN). The true protein 
represents 95% of the total nitrogen in milk and 
consists of 80% casein and 20% of whey (Roy 
et al., 2003). The NPN percentage in the total 
nitrogen of milk is usually ranging between 5 
and 6% (Nickerson, 1960 ; Burton, 1967). In the 
NPN fraction itself, urea contributes between 
a third and half of the nitrogen (Shahani and 
Sommer, 1951). Milk urea accounts for 2.5 to 
3.0% of total protein in cow’s milk (Spek, 2013).

Physiological basis of the MUN

Urea is a nitrogenous compound synthesized in 
the liver from the excess ammonia, produced 
by breakdown of protein and non-protein 
nitrogen (NPN) in the rumen and from the 
excess amino acids catabolized in the liver. The 
overproduction of ammonia in the rumen is the 
main cause of urea transfer in the blood (Roy et 
al., 2011). In additional, the catabolism of the 
amino acids and excess peptides in different 
parts of the body contribute to increase the 
urea flow into the portal blood (Royet al., 2011; 
Huntington et al., 2000). Thus, ammonia 
in the portal blood can be derived from the 
deamination of amino acids absorbed in the gut 
varying between 27% and 51% (Parker et al., 
1995). The excess of ammonia not used by the 
microbes for the synthesis of microbial proteins 
in rumen, diffuses passively into the blood via 
the rumen’s wall to be converted into urea by 
the liver. The synthesis of urea by the liver is a 
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means of detoxifying circulating blood ammonia 
(Spek et al., 2012).

 
Fig. 1: Overview of nitrogen metabolism in dairy 
cows (Wattiaux, 2014).

The synthesized urea passes into the hepatic 
sinuses to join the circulatory system and is 
filtered from the blood by the kidney before 
being excreted from the body in urine (Swenson 
and Reece, 1993). By simple diffusion, urea 
drain into the mammary gland where it is an 
integral part of the NPN components of milk. 
Due to the physiological process of the urea 
cycle in mammals, the MUN concentration 
equilibrates with body fluids and is proportional 
to the concentration of blood urea (Roseler et 
al., 1993).

This allows MUN to be considered as effective 
tool for managing nitrogen nutrition in lactating 
cows (Roy et al., 2011), for reducing the amount 
of nitrogen lost in the urine and for optimizing 

the efficiency of the use of nitrogen (Jonker et 
al., 1998)

Emergence circumstances of urea in milk

The excess degradable protein in the rumen or 
energy deficiency in the diet increase uremia 
and thus the level of milk urea (Arunvipas et al., 
2003). On the other hand, a low level of urea in 
milk results from high proportion of fermentable 
carbohydrates compared to degradable proteins 
content in diet, which decrease ammonia 
production, reflecting the inadequate synthesis 
of microbial proteins in the rumen (Bruning 
- Fannand Kaneene, 1993). In milk, urea is a 
major component of NPN milk which can range 
from 5 to 30 mg per 100 g of cow’s milk (Shahani 
and Sommer 1951). It should be noted that 
variations in the NPN content of milk are mainly 
related to the changes in the concentration of 
urea in milk (Journet et al., 1975, Roseler et al., 
1993).

Relationship between milk and blood urea nitrogen

Several authors have showed that there is a 
positive correlation between urea blood and 
MUN concentrations (Doska et al., 2012). 
Urea is water-soluble molecule and when is 
present in circulatory system, diffuses into 
the body’s aqueous organs such as udder and 
other genital glands (Butler et al., 1996). In 
addition, the epithelial cells of the mammary 
gland are very permeable to urea, so that a 
very close connection is observed between the 
urea content of the blood and that of the milk 
(Journet et al., 1975). Thus, measurement of 
MUN concentrations from normal milking is an 
easy assessment ofurea blood concentration 
(Lefebvre et al., 1995). According to various 
authors the urea blood concentration is 
reflected in milk from 83 to 98% as showed in 
the following table.

During lactation, the dietary demand for nitrogen 
compounds is critical because the secretion of 
milk proteins is higher, thus increasing blood 
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urea concentrations and consequently milk 
urea concentrations (Doska et al., 2012).

Authors Correlation degree
Erbersdobler et al. (1980) 0,97
Oltner et al. (1985) 0,91
DePeters and Ferguson (1992) 0,88
Harris (1995) 0,83 - 0,98
Hutjens and Barmore (1995) 0,83-0,98
Lefebvre (1996) 0,83-0,98
Broderick and Clayton (1997) 0,95

The synthesis of milk proteins as well as 
the catabolism of excess amino acids are 
accompanied by high consumption of energy 
and take account of the link between blood 
urea and milk (Roseler et al., 1993). The urea 
concentration in milk could be used as an 
indicator of the protein/energy balance of 
lactating cows (Jonker et al., 1998; Godden et 
al., 2001).

Advantages of milk urea estimation over blood 
urea

In comparison with urine or blood, milk is a 
stable fluid in which the urea dosage is more 
reliable (Kauffman and St-Pierre, 2001; Kohn et 
al., 2002). The fact that urea equilibrates with all 
body fluids, make milk urea concentration to be 
similar to urea in blood and then be understood 
as a marker of urea nitrogen status in dairy 
farm (Roy et al., 2003). As result, the dosage 
of urea in milk sample is easy to estimate than 
urea in the blood.

Milk urea as an indicator of nitrogen efficiency

One of the major challenges in nitrogen nutrition 
of dairy cows is to ensure the conversion of 
nitrogen into milk proteins. For dairy cows, 
the efficiency of conversion of nitrogen to milk 
proteins is low because more than 70% of 
ingested nitrogen is excreted as fecal or urinary 
nitrogen (Castillo et al., 2001). According to 
Wattiaux and Crump (2014), one of methods 
to check nitrogen efficiency utilization is to 

determine the ratio of total nitrogen excreted 
in the milk and nitrogen ingested by cows. The 
more efficient is obtained when the ratio is high. 
A study showed that 20-35% of ingested nitrogen 
is excreted as protein in milk and that up to 
50% of consumed nitrogen is found in the urine 
(Tamminga, 1992). In principle, excess nitrogen 
in the dietary implies economic losses for the 
producer and increases the environmental cost 
and, in addition, can impair the performance 
of animals by reducing fertility and milk 
production of cows (NRC, 2001). The main 
factor affecting nitrogen utilization efficiency 
is the level of crude protein in the ration and 
reflect quantity and quality of proteins offered 
to dairy cows (Broderick, 2003). The importance 
of the crude protein levels in the ration on the 
nitrogen excretion in milk, feces and urine is 
crucial. 

According to Colmenero and Broderick (2006), 
a ration containing 16.5% of crude protein 
appears to be ideal for maintaining milk 
production and minimizing nitrogen excretion 
in urine. The same authors reported that an 
increase of crude protein levelin the ration 
from 16.5 to 19.4% resulted in decreased 
nitrogen efficiency utilization of 5.4%. Under 
the conditions of their study, yield of milk and 
protein were not increased by feeding more than 
16.5% crude protein. There were no significant 
difference between crude protein levels of 16.5% 
and 18% in terms of milk protein production, 
but the linear increase in nitrogen excreted 
in urine were very high for the 18% CP level 
and resulted from a sharp decline in nitrogen 
efficiency as dietary crude protein content 
increased (Colmenero and Broderick, 2006). 
Practically, monitoring the changes of MUN 
concentration is a good parameter to assess the 
nitrogen efficiency of dairy cows (Nousiainen 
et al., 2004). Nevertheless, the values of MUN 
concentrations to be targeted to optimize the 
nitrogen efficiency does not coincide with those 
sought for the production of milk proteins.

So, an increase in milk protein production can 
be achieved beyond of 11 mg/dl MUN values, 
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while nitrogen efficiency is achieved at much 
lower values of these MUN levels (Nousiainen et 
al., 2004).

 Fig. 2: Association between the efficiency of dietary 
N for milk protein production () and milk protein 
yield (■) with MUN (Nousiainen et al., 2004).

Typical concentrations of urea in milk

Milk urea concentrations are usually expressed 
either as percentage or as mg/dL or as mmol/
litre of milk. The recommendations regarding 
the optimum milk urea concentrations vary 
according to the region or socio-economic 
considerations of each country (Arunvipas et 
al., 2004). During the 1960 years, the optimum 
of Milk Urea Nitrogen (MUN)was initially fixed at 
10 mg/dL (Ide et al., 1966). From 1990, due to 
the intensification of nitrogen feeding systems 
to increase dairy production, the US set a 
margin of 10 to 16 mg/dL (Jonker et al., 1998). 
Sweden and others Nordic countries authorized 
a margin of 10 to 15 mg/dL (Carlsson and 
Pehrson, 1993). For Canada, MUN levels of 
10 to 14 mg/dL represented an ideal range of 
nitrogen efficiency utilization by the dairy cow 
(Arunvipas et al., 2004). According to the current 
literature, normal MUN values ranged from 10 
to 14 mg/dL (Jonker et al., 1998; Johnson and 
Young, 2003; Rajala-Schultz and Saville, 2003).

Concretely, MUN level values above or below 
the extremes are related to the inefficiency of 
nitrogen use by cows (Roseler et al., 1993), 

which is mostly associated with a decline of 
their productive and reproductive performance 
(Bishonga et al., 1994). For example, the MUN 
concentrations above 19 mg/dL were usually 
associated with decrease (P <0.02) in conception 
rates (Butler et al., 1996).

NUTRITIONAL FACTORS INFLUENCING THE 
MUN

Supply of nitrogen compound

The level of crude protein in the diet is positively 
correlated with the MUN concentration 
(Broderick and Clayton, 1997). One of the 
reasons for this correlation is the difficulty 
in meeting the energy requirement of high 
yielding cows and the farmer’s habit to increase 
the protein intake for this category of cows 
(Rzewuska and Strabel, 2013). The efficacy of 
use of dietary proteins is function of the quality 
of protein ingested and depends in part on the 
amount of ammonia produced in the rumen 
(Roy et al., 2011). Rook (1961) demonstrated 
that excess protein intake does not affect 
composition and milk production, but increases 
significantly the NPN content in milk. 

 
Fig. 3: Association between dietary CP content and 
MUN (Nousiainen et al., 2004)

Thus, increasing the crude protein in the 
diet stimulates the milk proteins secretion 
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without affecting significantly the true protein 
milk content. The diet rich in degradable 
proteins or soluble nitrogen in rumen and not 
contain sufficient amounts of non-structural 
carbohydrates result in increased urea milk 
concentration (Dufrasne et al., 2010). According 
to the authors, Jonker et al. (1998), Kauffman 
and St-Pierre (2001) and Nousiainen et al. 
(2004), an increase of dietary crude protein 
is be accompanied by an increase in MUN 
and alsoresults in an increase of the nitrogen 
released meanly in urine.

In some cases, a lower level of crude protein 
(≤12%) in the diet can not affect milk 
production, although digestibility and microbial 
protein synthesis in the rumen are depressed 
(Aschemann et al., 2012).

Energy level of the ration

The ruminal bacteria require energy to capture 
ammonia and use it as a source of nitrogen in 
order to grow (Nocek and Russell, 1988). The 
extent to which ammonia is used to synthesize 
microbial protein is largely dependent upon 
the availability of energy generated by the 
fermentation of carbohydrates (Wattiaux, 
2014). Thus, the carbohydrates intake from the 
ration is an important factor in the synthesis of 
microbial proteins that determines the profile 
of amino acids produced during the proteolytic 
phase in the rumen (Hristov et al., 2004). 
The source of energy substrate influences the 
efficiency of microbial growth. Kyoung et al. 
(1999) found an increase in microbial synthesis 
of up to 29 g/kg of carbohydrate supplements 
when dairy cows were fed grass silage sprayed 
with sucrose solution. 

On the average, 20 grams of bacterial protein 
is synthesized per 100 grams of organic matter 
fermented in the rumen. Bacterial and the 
percentage of protein in bacteria varies from 
38 to 55% (Wattiaux, 2014). Sairanen et al. 
(2005) observed a linear increase in absorbable 
microbial proteins in the intestine when the 
cows on pasture have received a cereal-based 

energy supplement. The same authors showed 
that an increase in the protein content of milk is 
accompanied by a decrease in the level of milk 
urea.

However, Kebreab et al. (2002) reported that an 
increase in energy intake of 7 to 11 Mega joules/ 
kg DM of the diet leads to an increase in fecal 
nitrogen excretion and a reduction in excretion 
of urea in milk. This could be explained by the 
fact that an additional supply of energy causes 
a significant reduction in microbial growth 
probably due to the decrease of the ruminal 
pH (Broderick, 2003; Sairanen et al., 2005). 
Conversely, an inadequate intake of fermentable 
carbohydrates in the ration rich in degradable 
proteins leads to an accumulation of ammonia 
in the rumen that exceeds the bacterial capacity 
to capture it and thereby increases the flow of 
urea in the blood (Geerts et al., 2004; Arunvipas 
et al., 2004).

Non-protein nitrogen supply: Urea

Several sources of Non-Protein Nitrogen (NPN) 
are used in feeding of ruminants as protein 
correctors in nitrogen-deficient of foodstuffs. 
For several years, urea has been widely used 
as a substitute for preformed ruminant feed 
proteins (Wanapat et al., 2011). Thus, the 
addition of urea in a diet aims to produce 
ammonia necessary for the biosynthesis 
of microbial proteins. Nevertheless, its use 
must require certain precautions because its 
hydrolysis to NH3 by the microbial enzymes of 
the rumen (Van Der Hoek, 1998), leads to an 
overproduction of ammonia which exceeds its 
absorption and subsequently the synthesis of 
the bacterial proteins gives way to excretion 
of urea in the urine (Highstreet et al., 2010).
Some studies have shown that the use of NPN 
as a protein source can only be necessary if 
a considerable source of rapidly fermentable 
carbohydrates is available to optimize the 
growth of microbes in the rumen (Burroughs et 
al., 1975). Particularly, the growing microbial 
population uses ammonia to synthesize their 
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proteins, decreases ammonia in the rumen and 
therefore decreases the flow of ammonia to the 
bloodstream (Bartley et al., 1976). In practice, it 
is recommended to incorporate in the ration an 
amount of urea providing less than 35% of the 
total nitrogen and this must represent less than 
1% in terms of dry matter in the total ration 
(Poncelet, 1983). Bach et al. (2005) suggested 
not to exceed 0.5% urea in all diets considered 
low in protein but rich in starch. Consequently, 
Meggison et al. (1979) observed improved 
synthesis of microbial proteins by continuously 
and periodically distributing energy-rich rations 
containing urea or by using other NPN sources 
with low urea solubility. For, Salter et al. (1983), 
there was no interest to add the urea to non-
mixed ration when an energy supply of 40% 
was distributed in two meals.

Synchronism between protein intakes and energy 
in the rumen

The synchronization between protein intake 
and energy is an important factor in improving 
the use of degradable proteins in the rumen 
(Huntington et al., 2000). Bacterial growth 
requires a large amount of energy in synchrony 
with the rate of protein degradation in the 
rumen. High levels of rapidly degradable 
proteins lead to the overproduction of ammonia 
in the rumen, which requires sufficient energy 
to be captured by microbes (Tamminga, 1992).

Moreover, some authors reveal that the lack 
of synchronization in protein degradation and 
fermentation of carbohydrates, leads to the 
accumulation of ammonia in the rumen and 
storage of urea in the aqueous spaces of the 
body (Manson And Leaver, 1988), and may lead 
to potential deterioration in the reproductive 
efficiency, health and welfare of the animal. 
Enjalbert (2006) and Kolver et al. (1998) 
found that supplementation of non-structural 
carbohydrates synchronized with pasture have 
reduced ammonia in rumen from 22 to 43% in 
3 to 5 hours after ingestion of food at grazing.

Compared to these results, (Taweel et al., 2006) 
hypothesized that rumen microorganisms may 
have benefited a sufficient amount of energies 
in a contiguous and simultaneous manner to 
produce ammonia, so as to reduce the gap in 
energy supply following fermentation of grass 
fibers ingested during grazing time. If energy 
is not sufficient in the rumen or if the rates 
of fermentation of carbohydrates and protein 
degradation are not synchronized, the excess 
ammonia will pass through the rumen wall 
and be transported to the liver via the portal 
vein where ammonia is converted to urea. 
This process is the most important source of 
nitrogen loss for the animal and environmental 
pollution, because 40-60% of the urea produced 
in the liver is excreted in the urine (Huntington, 
1989).

NON-NUTRITIONAL FACTORS INFLUENCING 
THE RATE OF MILK UREA

Several non-nutritional factors may modify the 
concentrations of urea in milk (Carlsson et al., 
1995). The most important of these factors are 
live weight and breed, frequency of milking and 
feeding, the lactation stage, month and season, 
age and parity, yield milk and milk protein 
production (Godden et al., 2001).

Live weight and breed of animal

Kauffman and St-Pierre (2001) have shown 
that there is a positive correlation between live 
weight, animal breed and MUN concentration. 
According to (Kohn et al., 2002), body weight is 
a factor that can vary the level of urea in various 
body fluids of animals. For some authors, MUN 
concentrations are low in heavy cows (Doska 
et al., 2012). For others authors, the levels of 
MUN concentrations are low in the lightdairy 
cows. Therefore, Doska et al. (2012) measured 
values MUN of 14, 1 mg/dL for Holstein cows, 
16, 1 mg/dL for Jersey and 17, 6 mg/dL for 
Brown Swiss. Those authors hypothesized that 
the diets in these herds had been formulated 
according to the milk yield of the dominant breed 
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and subsequently, the Holstein race would have 
a superior nitrogen utilization efficiency, which 
could lead to lower MUN concentrations.

However, Johnson and Young (2003) found the 
higher MUN concentrations for Holsteins (15. 
5 mg/dL) and lower concentrations for Jersey 
(14.1 mg/dL). Thus, when the cows are bigger, 
they consume more crude protein and increase 
therefore the production of ammonia. Kauffman 
and St-Pierre (2001) found no significant 
difference between MUN concentrations in 
Holstein and Jersey cows. On the other hand, 
Oltner et al. (1985); Jonker et al. (1998); Doska 
et al. (2012) showed that the live weight and 
breed of the cow are inversely correlated with 
the MUN level.

 

Fig. 4: Average test-day milk urea nitrogen 
concentrations (mg/L) for different genetic groups 
(Doska et al., 2012). a,b,c : Means followed by different 
letters differ (P<0.01) by Tukey test

Logically, if the same amount of urea is produced 
in cows of different sizes, the urea concentration 
in the blood and milk will be higher for the small 
cow.

Feeding and milking frequency

Shabi et al. (1998) found that feeding from 
two to four times a day was accompanied by 
a decrease in blood urea levels of 4.4 mg/dL. 
On the other hand, Nilsen et al. (2005) found 
an increase in MUN for the cows milked 3 
times per day compared to cows milked twice a 
day. The unmixed rations composed of fodder, 

concentrate and mineral supplement separately, 
predispose cows to the temporary increase of 
degradable proteins consumption, as well as the 
volume and duration of ammonia concentration 
in the rumen and blood. The time of food intake 
during the day affects diurnal fluctuations in 
the level of ammonia in the rumen, MUN and in 
the correlations between urea blood and MUN 
concentration (Spek, 2013). After ingestion of 
food by a dairy cow, 4 to 6 hours are necessary 
to be established a balance between urea 
concentration in the blood and milk.

 
Fig. 5: Urea concentration in cow’s milk in 
consecutive hours after feeding (Spek, 2013).

Thus, a lag of 1.5 to 2 hours was observed 
between the variation in blood concentration 
and that in milk (Lefebvre, 1996; Lefebvre et 
al., 1995). Finally, milk urea sampled during 
normal milkings represents an easy evaluation 
of uremia since it is less subject to fluctuations 
caused by meals (Lefebvre et al., 1995)

Milk yield and milk protein production

The level of milk production is one of the key 
factors influencing the increase of MUN level 
(Rzewuska and Strabel, 2013, Sawa et al. 
2011). The authors Doska et al. (2012); Jonker 
et al (1998); Oltner et al. (1985) found a positive 
correlation between milk urea and milk yield. 
This may lead to the confirmation that highly 
productive dairy farms may have higher MUN 
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levels. This correlation observed in highly 
productive herds explains the energy deficit as 
the results of the major problem of meeting the 
energy needs of these animals (Rzewuska and 
Strabel, 2013). These assertions are similar to 
those Rajala-Schultz and Saville (2003). Thus, 
comparing MUN levels throughout lactation for 
cows producing 8000, 10000, or 12000 kg milk 
per lactation, Jonker et al. (1998) reported that 
an increase in yield milk of 2000 kg per lactation 
was associated with an average increase in MUN 
of 2.6 mg/dL of milk.

 

Fig. 6: Predicted milk urea concentration (mg/dL) of 
cows throughout 305 days 12000 kg (–), 10000 kg 
(×), and 8000 kg (+) lactations (Jonker et al., 1998)

This positive correlation results from an 
increase in milk yield linked to the increase 
of degradable protein percentage in the diet. 
However, Gustafsson and Carlsson (1993) 
did not notice a relationship between MUN 
concentration and cow’s production levelwhile 
Broderickand Claylton (1997) and Royet al. 
(2003) reported a negative relationship between 
milk yield and MUN concentrations.

In another study, (Johnson and Young, 2003) 
suggested that if the milk protein content is high, 
the level of urea in milk is low. Nelson (1996) 
had suggested that, when milk protein was 
ranged from 3.0 to 3.2%, MUN concentration 
was ranging from 12 to 16 mg/dL and protein 

degradability fractions and net energy in diet 
were most likely balanced. In Holstein cows, 
Johnson and Young (2003) observed the lower 
MUN concentration (P < 0.0002) when milk 
protein was >3.2% (vs < 3.0%) for milk yields 
ranging from 27.3 to 63.6 kg.

Finally, the both significant and non-significant 
correlations between milk yield, milk protein 
production, MUN concentrations and other 
milk components such as casein, lactose and 
fat were observed in the studies conducted by 
Butler et al. (1996) and Godden et al. (2001).

Stage of lactation

The stage of lactation can significantly influence 
the MUN concentrations and the higher values 
are usually observed at the peak of lactation 
than in later lactation (Carlsson et al., 1995; 
Johnson and Young, 2003). In additional, the 
urea milk concentration is low during the first 
month of lactation, increases rapidly for two 
months and then decreases in the following 
months (Arunvipas et al., 2003, Canfield et al., 
1990, Carlsson et al., 1995).

 
Fig. 7: Relationship between MUN concentrations, 
milk yield and stage of lactation for dairy cows 
Holstein (Johnson and Young, 2003)

These results do not agree with those of Ng-
Kwai-Hang et al. (1985) who reported a rapid 
decrease in NPN of milk, including urea after 
calving, followed by a gradual increase until the 
end of lactation. One of the factors that may 
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explain the low level of urea in milk during the 
first month of lactation is incapacity of dairy 
cows to ingest a sufficient amount of food at 
the beginning of lactation accompanied by 
relatively low consumption of proteins (Carlsson 
et al., 1995). According to Oltner et al. (1985), 
higher MUN are observed between the 60th and 
90th day of lactation. Mucha and Strandberg 
(2010) reported that the urea content of the 
milk reaches paroxysm on the 75th day and 
is maintained until 180thand finally decreases 
gradually until the end of lactation.

The effect of season, month and herd management

They appear to be a seasonal effect on the level 
of urea in milk. According to Decruyenaere et 
al. (1999), milk urea concentrations are high 
during the summer months and low for the 
winter months. The results of Arunvipas et al. 
(2003) indicated that MUN were high in early 
spring and during the summer and autumn 
months. In contrast, Doska et al. (2012) showed 
that MUN were higher in winter, intermediate in 
spring, and lower in autumn and summer. For 
Godden et al. (2001), Rajala-Schultz and Saville 
(2003) and Doska et al. (2012), the milk urea 
concentrations were high during the warmest 
months of the year. Furthermore, Carlsson et 
al. (1993) observed the highest average milk 
urea when cows were on pasture. Previous 
studies had found an increase in MUN only one 
week after entering the pasture and a return to 
normal after three weeks (Vignon et al., 1978). 
This return of MUN contents to the normal 
values might due to a rapid decrease in the 
nitrogen content of grass in the pasture and the 
adaptive evolution of the microbial flora of the 
rumen.

Age and parity

Primiparous cows have generally lower MUN 
than multiparous because of lower levels of 
consumption (Arunvipas et al., 2003). Similarly, 
primiparous cows are still in growth phase and 
would use amino acids to cover their growth 

requirements. This would indicate a lower level 
of NH3 from deamination in the first lactation 
cows (Johnson and Young, 2003). In the same 
logic, Oltner et al. (1985) observed that the 
MUN concentration of primiparous cows was 
2.12 mg/dL lower than multiparous cows. 
These authors also found that weight gain was 
followed by a decrease in MUN levels of 1.68 
mg/dL/100 kg body weight for a growing cows. 
Although some studies have found lower levels 
of milk urea for the first lactation cows (Oltner 
et al., 1985), other studies have reported only 
very low or even non-significant relationships 
between parity/age and milk urea levels 
(Canfield et al., 1990).

However, Jonker et al. (1998), and Doska et 
al. (2012) found that the first-lactation cows 
showed higher (P<0.01) MUN values than 
those of second lactation and older cows with 
lactation numbers ≥ 2. This situation can be 
related to nitrogen overfeeding because in the 
majority of dairy farms, the primiparous cows, 
although less productive, are fed the same diet 
as adult which are high producing cows (Doska 
et al., 2012).

The pH of the rumen

The pH and ammonia concentration in the 
rumen are two major factors that affect the level 
of ammonia flow in the portal blood (Roy et al., 
2011). Scientific researches had shown a strong 
correlation between pH, CO2 content, rumen 
butyric acid, ammonia flux and recycled urea 
across the rumen wall (Abdoun et al., 2010). The 
ingestion of a rapidly fermentable carbohydrate 
diet and the production of volatile fatty acids 
have an effect on the pH and flow of recycled urea 
through the rumen wall (Kennedy et al., 1981). 
So, if the ruminal pH is high, urea recycling is 
facilitated and the flow of ammonia to the liver is 
increased (Huntington, 1989), which increases 
MUN concentration. A ruminal pH below pH 5.5 
limits the availability of ammonia and increases 
the production of volatile fatty acids (Bach et 
al., 2005). Under these conditions, MUN levels 
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are low and milk protein production is limited 
(Abdoun et al., 2010).

Water Intake

Water consumption affects the urea 
concentration both in the blood plasma and 
milk (Burgos et al., 2001). Many rations rich in 
minerals such as Sodium and Potassium induce 
cows to increase water intake and frequency of 
urination and consequently to reduce the urea 
concentration in blood (Bannink et al., 1999). 
Spek (2013) found that consumption from 69 to 
419 g of sodium per day was accompanied by 
an increase in drinking water of 87.5%, which 
increased the amount of urine excreted by 49.5 
kg/day/cow and a reducing in MUN from 15.2 
to 11.8 mg/dL. The urinary reflex that follows 
the water intake causes a deconcentration of 
the blood urea which causes a decrease milk 
urea levels. On the other hand, a limitation to 
water access exposes dairy cows to dehydration, 
which increases the concentration of urea in 
blood and milk. Burgos et al. (2001) found a 
difference in MUN of 1.58 times higher in cows 
receiving 50% of their water requirements than 
their pairs supplied water ad libitum. Those 
authors suggest that the urea concentration 
in milk is inversely proportional to the amount 
of water consumed and the volume of urine 
produced by the animals.

CONCLUSION

The MUN is considered as an indicator of the 
nutritional status of dairy herds and gives 
information on nitrogen efficiency utilization in 
dairy farming. High urea milk concentrations 
indicate an excess degradable dietary protein in 
relation to available energy or a deficiency use 
of nitrogen in the rumen. In contrast, low MUN 
concentrations may indicate the very low levels 
or low digestibility of protein in foods containing 
a high proportion of fermentable carbohydrates. 
The variations in MUN concentrations are 
related to the ratio of proteins/energy, proteins 
degradability in the rumen and the bacterial 

capacity to capture excess ammonia in rumen. 
In any case, changes in MUN concentrations are 
associated with changes in the diet of the dairy 
cow. Therefore, maintaining and monitoring the 
MUN in a dairy herd provides an opportunity 
to formulate a diet that optimizes the use of 
nitrogen for dairy production.
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