
Crude Protein and Non-protein Nitrogen Content in Dairy Cow Milk

Diana Ruska*, Daina Jonkus
Institute of Agrobiotechnology, Latvia University of Agriculture, Liela str. 2, Jelgava, LV 3001, Latvia

Abstract. Milk composition is of prime economic importance for farmers. Milk total proteins are composed of 
casein, whey proteins and non-protein nitrogen. The objective of this work was to establish milk crude protein, 
non-protein nitrogen (NPN) and urea content in dairy cow milk produced in different farms in Latvia. Cow 
milk samples (n=30) were collected in September 2012 from four different farms breeding diverse cow breeds. 
Average crude protein, casein and urea content in milk varied significantly among farms. NPN content in cow 
milk varies among farms – from 0.194% to 0.232%. Average crude protein and casein content was significantly 
higher (p<0.05) for Latvia Brown breed cows, while NPN content did not differ significantly among breeds. 
Regression between NPN and urea content in milk was R² = 0.458. Correlation between NPN and urea content 
was significant (r = 0.677). This study allowed establishing that crude protein and NPN content in milk varied 
significantly (p<0.05) in farms with differing dairy cow housing and feeding technologies.
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Introduction
Milk of dairy cows is biological solution containing 

approximately 12.8% of dry matter. Milk dry matter 
consists of proteins, carbohydrates, fats, minerals 
and vitamins. Depending on animal breed, genotype, 
phase in lactation, nutritional value of feed, milking 
technology, animal health status, environmental 
conditions, animal age, interval between milking, as 
well as other factors milk composition may change 
(Coballero et al., 2003; Roginski et al., 2003). 

Recently increasingly higher interest has been 
devoted to researches on milk proteins, since they 
are the main component used to produce curd and 
cheese. Analysis of milk samples with standard 
Kjeldahl method helps in finding out volume of total 
nitrogen (N) in milk, and multiplying the acquired 
result by 6.38 we may acquire crude protein content 
(CP – crude protein = N × 6.38) in milk (ISO, 
2001). Proteins in cow milk comprise 95 – 97% of 
the crude protein content, and non-protein nitrogen 
(NPN) accounts for 3 – 5%. Proteins in milk are 
represented by casein and whey proteins. Average 
proportions of proteins in crude protein are the 
following: 75 – 85% casein, 18 – 20% whey proteins. 
Casein content in proteins accounts for 85 – 90% 
(Hui, 1993). Non-protein nitrogen (NPN) gets into 
milk from animal blood after protein metabolism. 
One of the largest (~50%) and most stable NPN 
parts is formed by milk urea. Apart from milk urea, 
NPN consists also of free amino acids, creatine, 
uric acid, peptides, organic acids and phospholipids  
(DePeter and Ferguson, 1992; DePeters and Cant, 
1992; Твердохлеб и Раманаускас, 2006).

Nutrition experts point out that evaluation of 
food quality from nutritional point of view requires 
finding out quality of proteins, as human body, unlike 
one of ruminants, may use only proteins formed from 
amino acids. Thus, the content of crude protein in 
milk should be taken into account when balancing 
diet; otherwise, expected results may not be achieved 
(Moughan, 2012).

Lately interest towards environmental pollution 
has been growing. In Europe, several regulatory 
enactments are controlling possible environmental 
pollution that may arise when performing agricultural 
activities. In the Netherlands, farms are monitored 
based on urea content in milk. This allows to specify 
possible pollution sources and notify farms about 
preventive actions (Bijgaart, 2003). The optimum 
amount of urea in milk set in Europe is 15 – 30 mg 
dL-1.

Data of the National Research Council (in USA) 
show that nitrogen amount in feed of dairy cows is 
exceeded on average by 6.6%; thus, nitrogen content 
in urine rises by 16% and by 2.7% in manure. With 
an aim to calculate amount of nitrogen used, the milk 
urea content is used, since it is easy to find it out and it 
does not require collecting and testing special (urine 
or faeces) samples (Jonker et al., 2002; Broderick 
and Huhtanen, 2013). Researches show that milk 
urea characterises content of urea in both blood 
and urine. Milk urea content reflects losses of crude 
protein for dairy cow, especially excess in digestive 
tract; therefore, this indicator may be used to assess 
environmental pollution and digestive efficiency 
(Meijier et al., 1996; Broderick and Clayton, 1997; 
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Hof et al., 1997a; Hof et al., 1997b; Sederevičius et 
al., 2008; Burgos et al., 2010).

Research aims at finding out content of cure 
protein and non-nitrogen protein in cow milk.

Materials and Methods
Farms included in the research are located in 

various places of Latvia and represent different 
animal housing and feeding technologies. Two large 
holdings (B and D, 503 and 164 cows, respectively) 
have an indoor freestall housing system. Feeding in 
these farms was organized in groups according to 
lactation stage. Moreover, it was balanced and with 
total mixed ration in all years without pasture period. 
Small farms (A and C, 28 and 20 cows, respectively) 
have tie stall housing system, their cows are not 
grouped and graze in summer.

Samples, for which NPN content was studied, 
were taken once (in September 2012) from all farms. 
5 samples were taken from farms A and C, while 
from farms B and D – 10 samples from each. Milk 
samples were taken from cows representing various 
breeds (LB, n=14; HM, n=10; XP, n=6) and lactation 
1st (n=6); 2nd (n=7); 3rd (n=7); 4th (n=10), while all 
cows were in the same lactation phase – from 100th 
to 200th lactation day.

Milk composition was analysed in an accredited 
laboratory for milk quality control. Infrared 
spectroscopy method helped in finding out the content 
of milk crude protein, fat and lactose in compliance 
with ISO 9622:1999. Content of casein and urea were 
measured in line with the methods validated in the 
laboratory – MET-006 and MET-003. Milk samples to 
estimate NPN were preserved with 10mg of K2Cr2O7 
100mL-1 and sent to the central milk laboratory QLIP 
in the Netherlands, where they were analysed with 
a method validated in the laboratory in compliance 
with ISO 8968-4 Milk nitrogen content, non-protein 
nitrogen content.

With an aim to research influence left by 
environmental and selected physiological factors as 
well as cow breed on changes in milk composition 
the multifactor linear model was used; it included the 
factors fixed:

                             (1)

S – farms (i=4);
Š – breed (k=3).

Data on milk quantities yielded from dairy 
cows, cow breed, lactation and day in lactation were 
acquired from monthly herd recording data available 
in Agricultural Data Centre database.

Content of crude protein, casein and urea nitrogen 
(that in the laboratory was measured as per cent of 
crude protein, casein and urea nitrogen volume (kg 
and g)) was recalculated in compliance with ICAR 
guidelines (ICAR, 2011). 

Statistical processing of the data was carried out 
with MS for SPSS (SPSS Inc. Chicago, Illinois, USA) 
and MS Office programme Excel. 

Results and Discussion 
Average milk yield in the research group 

comprised 28.8 kg. Milk yield amplitude was rather 
wide – from 15.0 kg to 47.8 kg (Table 1). Average 
crude protein content in group accounted for 3.43% 
and casein content comprised 2.65%, i.e., 77.3% 
from crude protein content in milk. 

Average urea content in milk constituted 28.3 
mg dL–1, thus, meeting the limits suggested.  Non-
protein nitrogen content comprised 0.204%.  The 
NPN obtained within the study is higher than one 
in American researches (Raden and Powell, 2009) 
– 0.19%. While NPN content found in research 
conducted in the Netherlands was lower (Heck et al., 
2009) than in this study (0.182%).

Table 1
Average milk productivity traits and NPN content in research group

Traits Min. Max.

Milk yield, kg 28.8±1.03 15.0 47.8

Crude protein content, % 3.43±0.039 2.88 4.19

Casein content, % 2.65±0.028 2.18 3.23

Milk urea content, 
mg dL-1 28.3±1.25 12.6 52.9

NPN, % 0.204±0.0032 0.162 0.255
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Researches performed prior in other countries 
affirm changes in non-protein nitrogen content 
depending on holding, breed, lactation, day in lactation 
and season (Ng-Kwai-Hang et al., 1985); therefore, 
the author of this paper has evaluated results of this 
research considering all the factors above.

The results obtained indicated (Table 2) that the 
volume of milk yielded from LB cows is significantly 
smaller, while crude protein and casein content in milk 
is significantly higher. Non-protein nitrogen and urea 
content does not differ significantly among breeds. 
Also, studies of other researchers do not show that 
cow breed causes changes in content of non-protein 
nitrogen and cure protein (Carroll et al., 2006).

Research group results may be compared with 
data acquired in the Netherlands. The cow breed 
dominating in Holland is HM. Urea and non-protein 
nitrogen content results analysed in the Doctoral 
Paper were obtained in September, and for breed 

HM those were 24.6 mg dL–1 and 0.197%, meeting 
the data acquired in the Netherlands where urea and 
non-protein nitrogen parameters obtained in August 
comprised 26.0 mg dL–1 and 0.190% (Heck et al., 
2009).

With an aim to evaluate farm influence on milk 
productivity traits and non-protein nitrogen content 
in the research group, the results found are compiled 
in Table 3. Holding factor had significant influence 
on milk yield, crude protein, casein and urea content. 
Also, farm C cows engaged in the research had 
significantly higher urea and non-protein nitrogen 
content in milk (45.6 mg dL–1 and 0.232%), while 
milk yield in holding C was the lowest.

Significant differences were observed among 
all holdings. Farm D indicated the highest milk 
yield – 35.8 kg. Also, crude protein content varied 
remarkably among the farms. The highest crude 
protein and casein content was recorded in farm B 

Table 2
Average milk yield, content of crude protein, casein, non-protein nitrogen,  

and urea depending on breed

Traits
Breed

LB (n=14) HM (n=10) XP (n=6)

Milk yield, kg 22.7±1.04a 33.0±1.23 36.1±1.59

Crude protein content, % 3.59±0.049a 3.33±0.058 3.24±0.075

Casein content, % 2.78±0.035a 2.57±0.042 2.51±0.054

Milk urea content, mg dL-1 30.5±1.79 a 24.6±2.12b 29.2±2.74a,b

NPN, % 0.210±0.005 0.197±0.006 0.201±0.007
a;b – productivity traits with unequal letter differed significantly among breeds (p<0.05).

Table 3
Average milk yield, content of crude protein, casein, non-protein nitrogen and urea in farms

Traits
Farms

A (n=10) B (n=20) C (n=10) D (n=20)

Milk yield, kg 30.6±1.79a 25.2±1.27b 20.4±1.79c 35.8±1.27d

Crude protein content, % 3.30±0.084 a 3.61±0.060b 3.51±0.084a,b 3.29±0.060c,a

Casein content, % 2.56±0.060a,c 2.79±0.043b 2.71±0.060c,b 2.53±0.043a

Milk urea content, mg dL-1 21.3±1.76a 24.5±1.24a,c 45.6±1.76b 26.9±1.24c

NPN, % 0.194±0.007 0.201±0.005 0.232±0.007a 0.198±0.005
a;b;c;d – productivity traits with unequal letter differed significantly among farms (p<0.05).
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(3.61% and 2.79%, respectively); whereas farm D 
indicated the lowest crude protein and casein content 
(3.29% and 2.53%, correspondingly). The farm factor 
had a notable influence on milk yield, content of 
crude protein, casein and urea in milk. The highest 
urea and NPN content was recorded in farm C, while 
milk yield in this farm was the lowest.

Analysis of seasonal factors influencing milk 
productivity traits shows that other scientists have 
discovered that the lowest crude protein and true 
protein content in milk may be observed in summer 
months, while the content of non-protein nitrogen 
and urea during these months is significantly higher 
(Heck et al., 2009). Also, other studies have observed 
that crude protein and casein content in milk is lower 
when the volume of non-protein nitrogen (containing 
urea) increases (Carlsson et al., 1995; Ferguson et al., 
1997; Godden et al., 2001).

Regression analysis of urea and NPN content 
indicates positive correlation. This fact allows using 
milk urea content to forecast NPN proportion – 
indicating rise in NPN share (as milk urea content 
will increase as well), and thus pointing out also 
the volume of unnecessary nitrogen-containing 
substances in milk (Fig. 1).

Results of the research show that when assessing 
crude protein content in milk for setting payment or 
breeding value it is advisable to use casein or protein 
indicators instead of milk crude protein content, as 
those are indicators giving better information to milk 
processers about possible production outcome from 
the particular milk purchased (Šustova et al., 2007).

With an aim to find out influence left by NPN on 
milk productivity indicators, the correlation between 
NPN content and yield, crude protein, casein and urea 
content was calculated. 

Significant, positive, and close (r = 0.677) 
correlation was found between content of NPN and 
urea, whereas NPN content and yield indicated weak, 
negative, and non-significant (r = −0.099) correlation. 
NPN content correlation with crude protein and 
casein content was only slightly positive (weak) (r = 
0.088 and 0.017, respectively) and insignificant.

The results acquired within the framework of the 
research indicate that NPN share is variable and is 
affected by several factors: in the meantime, it is part 
of milk not giving economical or nutritional value, 
and thus there is no need to determine NPN content 
in milk on daily basis. Close NPN content correlation 
with urea content allows assessing milk production 
efficiency by using only urea indicators, as it has been 
suggested also by other scientists. Moreover, this 
phenomenon suggests that you base the evaluation of 
milk productivity on infrared-spectrometry method 
(Ng-Kwai-Hang et al., 1985).

Conclusions
1. Content of crude protein, casein and urea in 

dairy cow milk varies notably among farms 
with different animal housing and feeding 
technologies.

2. As urea content in milk rises, the content of non-
protein nitrogen increases (R2 = 0.458), too. 

3. There is a close and significant (r=0.677) 
correlation between the content of non-protein 
nitrogen and urea in milk.
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