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INTRODUCTION

Hygienic quality and processing ability of milk are considerably affected by its somatic
cell count. Somatic elements are dead and desquamated cells of epithelium lining the alve-
oli, milk ducts and cisterns as well as white blood cells transferred to milk from blood
[Borkowska and Januś 2004]. Information on somatic cell count in milk and insight into fac-
tors affecting them make it possible for breeders and producers to improve the quality of sold
milk and they facilitate monitoring of the health state of the udder in cows. It is assumed that
the physiological state characteristic of cows’ health is when the content of cell elements is
up to 100 thousand per 1 ml [Skrzypek 2002]. When this threshold is exceeded financial
losses are incurred, resulting from a reduction of milk production, and unfavorable changes
in milk composition, having a decreasing effect on its processing ability and nutrition value.

Urea content in milk is a good indicator of appropriate balancing of the feed ration for
dairy cows in terms of protein and energy. Excess ammonia produced in the rumen is
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transferred to blood and in the liver in the urea cycle it is transformed into urea, which
through kidneys is partly excreted with urine. In turn, unexcreted urea and excess ammo-
nia circulate with blood throughout the body and reach the mammary gland, getting to
milk. From the point of view of animal nutrition it was determined that the optimal con-
centration of urea in milk for cows of large breeds should range from 150 to 300 mg · l–1

[Bogucki et al. 2005]. However, some authors reported that the appropriate level of urea
in cow’s milk should fall within the range from 140 to 250 mg · l–1. In the opinion of
Skrzypek et al. [2005], a reduced amount of urea in milk indicates a deficit of protein in
feed or a lack of energy available to ruminal microorganisms, while an elevated level of this
parameter is characteristic in case of excess protein or deficit of energy in the feed ration
or both. According to many authors an excessive concentration of ammonia and urea in the
rumen and blood promotes the incidence of metabolic disorders, causing liver dysfunction
and reproduction disorders [Butler et al. 1996; Melendez et al. 2000; Markiewicz 2003].

According to Osten-Sacken [2000], apart from feeding the content of urea in milk is
also determined by other factors such as milk yield, lactation number and stage, season of
the year and body weight. That author also reported that urea level in milk is positively cor-
related with somatic cell count, which is caused by the irritating action of urea molecules,
transferred from blood to milk, on cell walls of milk alveoli in the udder.

The fact that very few studies concerned an association between somatic c ell count and
urea level in milk was an incentive for the authors of this study to undertake research on
this subject. Therefore, the aim of this study was to determine the effect of somatic cell
count on urea content in milk of cows of Polish Holstein-Friesian, Black-and-White and
Red-and-White varieties, managed in identical conditions.

MATERIALAND METHODS

The investigations were conducted on cows of the Polish Holstein-Friesian breed, being
of the Black-and-White (390 head) and Red-and-White (86 head) varieties. Animals were
kept on a farm in Chaławy, belonging to the Mróz S.A. consortium. Data on cows were
collected in the years 2006–2008.

Mean annual yield from a cow in the last year of the study was 8 833 kg milk with fat
content of 3.74% and protein content of 3.54%. Animals were kept in a free stall system
on shallow litter. Cows used a roofed shelter being an extension of the barn, where they
had access to an adequate bedding area and free access to a run and a feeding bunk, on
which feed was available at all times.

Milking was performed twice a day, however in case of high-producing cows (daily
milk production of over 42 kg) milking was performed three times a day in a carrousel type
milking parlor with 26 stalls.

The Total Mixed Ration system (TMR) was applied in feeding. Animals were fed
mostly the feed produced on the farm. Feed was administered twice a day and was avail-
able at all times.
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Cows were subjected to milk recording with the A4 method. A total of 4253 test-day
records were collected and each contained the following information: milk yield, milk
urea content, somatic cell count, milk fat and protein contents. Additionally, actual daily
milk yield was calculated in terms of fat corrected milk standardized to 4% (4%-FCM):

FCM = 0.4 M + 15 F
where:

M – actual daily milk yield, kg,
F – actual fat yield, kg.

In terms of the number of cell elements all milk samples were divided into the fol-
lowing classes (in thousand per ml):

• ≤ 200,
• 201–400,
• 401–500,
• 501–1000,
• >1000.
In order to determine the effect of somatic cell count in milk on the level of urea and

daily yield and composition of milk the cows were divided according to their genotype:
• HO-1 – cows of the Polish Holstein-Friesian, Black-and-White variety, with a 100%

share of HF genes in their genotype,
• HO-2 – cows of the Polish Holstein-Friesian, Black-and-White variety, with a less

than 100% share of HF genes in their genotype (on average 88%),
• RW – cows of the Polish Holstein-Friesian, Red-and-White variety, with a varying

share of HF genes in their genotype (on average 70%).
The effect of somatic cell count in milk on urea level as well as daily yield and com-

position of milk was investigated for the entire analyzed population of cows and taking into
consideration individual genotypes of animals mentioned above.

Statistical analyses were performed using procedures of the SAS statistical software
package [2007]. Means and standard deviations for selected traits were calculated using
the MEANS procedure, while in the analysis of variance the GLM procedure was applied.
Detailed comparisons between object means were performed using the LSD test. In the
computations the effect of the following fixed effects was included: genotype, age at first
calving, production group, lactation rank, stage of lactation, year and season of calving.
In order to obtain the normal distribution of somatic cell count in milk a logarithmic trans-
formation according to Ali and Shook [1980] was conducted.

RESULTS AND DISCUSSION

Table 1 presents results concerning the effect of the number of somatic cells contained
in milk on urea level and milk performance traits in the analyzed population of cows. The
statistical analysis of data showed a downward trend for urea content with an increase in
the number of somatic elements in milk. Milk with the highest somatic cell count (>1000
thousand per ml) in terms of the amount of urea differed (P ≤ 0.01) from the other groups
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of milk samples with a varying number of somatic elements. Similar results were reported
in the studies by Borkowska et al. [2002], Nałęcz-Tarwacka and Grodzki [2004] and
Bogucki et al. [2005], who also observed a reduction of urea content in milk with an in-
crease in the somatic cell count. In the opinion of those authors the health status of the
mammary gland had the largest effect on milk urea concentration. Antkowiak et al. [2007]
recorded similar results in the investigations on Polish Holstein-Friesian, Black-and-White,
and the Jersey breeds. Those authors were of an opinion that such a result is an effect of
an increasing conversion of feed protein in metabolism (which may be evidenced by
a lower urea level in milk) in cows with a progressing infection and inflammation of the
mammary gland. In the opinion of Borkowska and Januś [2003] an increase in the num-
ber of somatic elements in milk at a low urea level may be caused by a deficit of protein
in the feed rations, which as a consequence could have reduced immunity of animals. In
view of the collected results recorded in this study it may be suggested that such a rela-
tionship was most probably the effect of an increasing requirement for nitrogen compounds
in the metabolism of animals with progressing mastitis.

Taking onto consideration the daily yield of milk and a 4%-FCM, the most advanta-
geous results were found in this study for animals with the lowest somatic cell counts and
at the same time the highest urea level in milk. Similar results were reported by Litwińczuk
et al. [2003] and Bogucki et al. [2005]. Carlsson and Pehrson [1993], who compared milk
from herds of different productivity, showed that a low urea level was associated with
a low milk yield. In turn, in the opinion by Osten-Sacken [2000] urea content in milk in-
creases with an increase in the daily yield, since feed rations for low producing cows con-
tain less protein than it is recommended. Godden et al. [2001] showed that urea content in
milk is positively correlated with the content of crude protein, both digestible and indi-
gestible in the rumen. In contrast, a negative relationship was observed in relation to non-
structural carbohydrates.

In this study the lowest contents of fat (3.79 %), protein (3.50 %) and milk solids (12.83 %)
were recorded for milk of cows with the highest urea level (on average 237 mg · l–1). This
milk differed from the milk from the other groups (P ≤ 0.01) in terms of the above men-
tioned traits. Nałęcz-Tarwacka and Grodzki [2004] observed a similar relationship be-
tween protein and urea concentration in milk.
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Table 2 presents relationships between somatic cell counts in milk and urea levels as
well as milking performance traits in cows taking into consideration their genotype. The
average urea content in milk of the above mentioned genotypes of cows fell within the
adopted standard. Milk from animals of the Polish Holstein-Friesian, Red-and-White va-
riety, in comparison to the two other genotypes in each of the classes of the division in
terms of the somatic cell count was characterized by a significantly (P ≤ 0.01) higher level
of urea. The statistical analysis showed significant (P ≤ 0.01) differences only within the
HO-2 genotype between urea content in milk of cows with different amounts of somatic
elements. Carlsson et al. [1995] did not find any effect of the Holstein and the Red Swedish
breeds on urea content in milk. In this study it was shown that in milk of Polish Holstein-
-Friesian of Black-and-White variety with a varied share of HF genes in their genotype the
level of urea decreased with an increase in the somatic cell count. In turn, in the other
genotypes of cows such a trend was observed, although not confirmed statistically, at so-
matic element contents in milk over 500 thousand per ml. A similar relationship was ob-
served in the studies by Johnson and Young [2003] and Meyer et al. [2006], Guliński et
al. [2008]. The former authors found also a negative relationship between the level of urea
in milk and the contents of fat, protein and lactose in Holstein cows. Arunvipas et al. [2003]
analyzed milk from six cattle breeds and showed a positive relationship between the level
of urea and milk yield as well as a negative relationship between milk urea and fat con-
tents. Rajala-Schultz and Saville [2003] showed that milk of cows from high producing
herds was characterized by a higher level of urea and a lower somatic cell count and
a lower fat percentage. Hojman et al. [2004] found a negative association between the
level of urea and the number of somatic elements and protein percentage in milk of Hol-
steins. In this study, taking into consideration the productivity of cows expressed in actual
and standardized (%-FCM) kilograms of milk, irrespective of the genotype of cows, the
most advantageous results were recorded for animals, which milk contained the lowest
number of somatic elements (≤ 200 thousand per ml). Milk yield in this group of animals
differed significantly (P ≤ 0.01) from the productivity of cows coming from the groups,
which milk contained more somatic elements. Results of this study concerning a reduction
of daily milk yield with an increase in the somatic cell count are confirmed by Dorynek
et al. [1998] and Pytlewski and Dorynek [2000].
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When analyzing milk fat content it was found that the lowest amounts of this compo-
nent were contained in milk with the lowest somatic cell count (≤ 200 thousand per ml).
In animals with the HO-2 genotype the content of this component in milk of cows with the
lowest number of somatic elements was lower (P ≤ 0.01) in comparison to the other groups
of animals, whose milk contained more somatic elements. In turn, in case of HO-1 geno-
type only one significant association at P ≤ 0.01 was found for this trait between the group
of animals with the lowest somatic cell count in milk, while the animals, whose milk con-
tained from 401 to 500 thousand of cells per ml differed from the other groups at P ≤ 0.05.
Dorynek et al. [1998] did not find changes in the percentage of fat in milk depending on
the number of somatic elements. Kisza [1990] reported that the content of fat in milk de-
creases and the percentage of protein increases along with an increase in somatic cell
count. Brzozowski et al. [1999] and Sawa and Oler [1999] showed that with a deteriorat-
ing health state of the mammary gland the contents of fat and protein increases. Accord-
ing to Dorynek et al. [1998] and Dorynek and Kliks [1998] a decreasing daily yield of fat
and protein in milk occurs when the somatic cell count increases and this results from
losses in milk yield, and not from a decrease in the percentage of fat and protein in milk,
which can even increase.

In this study, the lowest milk protein content was found in the milk of cows with the
lowest number of somatic cells. In the HO-2 and Red-and-White animals the value of this
trait recorded for cows, which milk contained the lowest amounts of somatic elements, dif-
fered (P ≤ 0.01) in comparison to the percentage of protein found in milk of the other
groups of cows. A similar correlation for dry matter content in milk was found for the
group of HO-2 cows. The population of Black-and-White cows with a 100% share of Hol-
stein-Friesian genes in their genotype (HO-1), which was characterized by the lowest num-
ber of somatic elements, differed in terms of protein content in milk from animals, which
milk contained from 201 to 400 thousand of cells per ml and from 401 to 500 thousand of
cells per ml at P ≤ 0.01, and from cows, which milk contained the highest amount of so-
matic elements (>1000 thousand/ml) at P ≤ 0.05.

CONCLUSION

It was found that the level of urea in milk of the analyzed genotypes of cows was within
the limits of the accepted standard, with higher values of this parameter being reported for
cows of the Polish Holstein-Friesian, Red-and-White, as compared to Black-and White
variety. In the milk of the latter strain of cows with an incomplete share of Holstein-
-Friesian genes in their genotype a decrease in urea content was recorded with an increase
in somatic cell count in milk. Taking into consideration daily yield of milk and fat corrected
milk (4%-FCM) the most advantageous results were found for animals with the lowest
somatic cell count in milk.

Acta Sci. Pol.

46 J. Pytlewski et al.



REFERENCES

Ali A.K.A., Shook G.E., 1980. An optimum transformation for somatic cell concentration in milk.

J. Dairy Sci. 63, 487–490.

Antkowiak I., Pytlewski J., Dorynek Z., 2007. Health state of the mammary gland based on somatic

cell counts and urea level in milk of Jersey and Polish Holstein-Friesian cows of Black-and-

-White variety. Rocz. Nauk. PTZ 3, 111–117.

Arunvipas P., Dohoo I.R., VanLeeuwent J.A., Keefe G.P., 2003. The effect of non-nutritional fac-

tors on milk urea nitrogen levels in dairy cows in Prince Edward Island Kanada. Prev. Vet.

Med. 59, 83–93.

Bogucki M., Neja W., Oler A., Krężel S., 2005. Poziom mocznika w mleku krów w zależności od

wybranych czynników [Urea level in cows milk depending on selected factors]. Rocz. AR Pozn.

CCCLXXVI, Zootech. 56, 57–61 [in Polish].

Borkowska D., Januś E., 2003. Związek między koncentracją mocznika a dzienną wydajnością

mleka, zawartością w nim tłuszczu, białka i komórek somatycznych [Relationship between milk

urea and daily milk yield, content fat, protein and somatic cell count in milk]. Prz. Hod. 12, 10–

12 [in Polish].

Borkowska D., Januś E., 2004. Współzależność między poziomem mocznika a innymi wybranymi

cechami mleka krów z gospodarstw indywidualnych [Relationship between milk urea level and

other chosen milk traits of cows bred in individual farms]. Zesz. Nauk. Prz. Hod. 72 (1), 235–241

[in Polish].

Borkowska D., Januś E., Tarkowski J., 2002. Poziom mocznika w mleku krów z różnych gospo-

darstw w okresie żywienia letniego i zimowego [The level of milk urea of cows bred in differ-

ent farms during the summer and winter feeding]. Zesz. Nauk. Prz. Hod. 62, 45–51 [in Polish].

Brzozowski P., Ludwiczuk K., Zdziarski K., 1999. Liczba komórek somatycznych w mleku krów ob-

jętych oceną użytkowości mlecznej w Polsce Centralnej [Somatic cell countin milk from cows cov-

ered with milk recording system in central region of Poland]. Zesz. Nauk. Prz. Hod. 44, 83–90

[in Polish].

Butler W.R., Calaman J.J., Beam S.W., 1996. Plasma and milk urea nitrogen in relation to preg-

nancy rate in lactating dairy cattle. J. Anim. Sci. 74, 858–865.

Carlsson J., Pehrson B., 1993. The relationships between seasonal variants in the concentration of urea

in bulk milk and the production and fertility of dairy herds. J. Vet. Med. A 40, 205–212.

Carlsson J., Berström J., Pehrson B., 1995. Variations with breed, age, season, yield, stage of lacta-

tion and herd in the concentration of urea in bulk milk and individual cows milk. Acta Vet.

Scand. 36, 245–254.

Dorynek Z., Kliks R., 1998. Wpływ wybranych czynników na kształtowanie się liczby komórek so-

matycznych w mleku krów [The influence of chosen factors on forming the somatic cells count

in cow milk]. Rocz. AR Pozn. CCCII, Zootech. 50, 91–95 [in Polish].

Dorynek Z., Kliks R., Musiałowski M., 1998. Stan zdrowotny gruczołu mlekowego na podstawie

zawartości komórek somatycznych w mleku oraz jego wpływ na użytkowość mleczną krów

[Determination of states of heath of mammary glands basing on the somatic cell count in milk

and productive utility of dairy cows]. Rocz. AR Pozn. CCCII, Zootech. 50, 97–101 [in Polish].

Zootechnica 9 (2) 2010

47Relationships between somatic cells counts and urea level in the milk of Polish...



Godden S.M., Lissemore K.D., Kelton D.F., Leise K.E., Walton J.S., Lumsden J.H., 2001. Rela-

tionship between milk urea concentrations and nutritional management, production and eco-

nomic variables in Ontario dairy herds. J. Dairy Sci. 84, 1128–1139.

Hojman D., Kroll O., Adin G., Gips M., Hanochi B., Ezra E., 2004. Relationship between milk urea

and production, nutrition and fertility traits in Israeli dairy herds. J. Dairy Sci. 87, 1001–1011.

Guliński P., Młynek K., Salomończuk E., 2008. Zmiany zawartości mocznika w mleku w zależności

od wybranych czynników środowiskowych [Milk urea concentration changes depending on se-

lected environmental factors]. Med. Weter. 64, 465–468 [in Polish].

Johnson R.G., Young A.J., 2003. The association between milk urea nitrogen and DHI production

variables in western commercial dairy herds. J. Dairy Sci. 86, 3008–3015.

Kisza J., 1990. Techniczne i organizacyjne przesłanki poprawy jakości mleka [The technological and

management premises of improvement quality of milk]. Prz. Mlecz. 11, 23–26 [in Polish].

Litwińczuk Z., Barłowska J., Teter U., Zdunek W., 2003. Ocena wpływu niektórych czynników na

poziom mocznika w mleku krów wysokowydajnych [Estimates of influence of some factors on

level urea in milk high milk yield cows]. Zesz. Nauk. Prz. Hod. 68 (1), 257–261.

Markiewicz H., 2003. Wpływ nadmiaru białka w dawce pokarmowej na płodność krów mlecznych

[Influence of a high protein diet in the reproductive efficiency of dairy cows]. Med. Weter. 59,

682–685 [in Polish].

Melendez P., Donovan A., Hernandez J., 2000. Milk urea nitrogen and infertility in Florida holstein

cows. J. Dairy Sci. 83, 459–463.

Meyer P.M., Machado P.F., ColdebellaA., Cassoli L.D., Coelho K.O., Rodrigues P.H.M., 2006. Effects

of non-dietary factors on milk urea nitrogen in lactating Holstein cows. Rev. Bras. Zootech. 35,

(Suppl.), 1114–1121.

Nałęcz-Tarwacka T., Grodzki H., 2004. Analiza wybranych czynników warunkujących zawartość

mocznika w mleku krów [Analysis of selected factors conditioning urea content in cow milk].

Zesz. Nauk. Prz. Hod. 72 (1), 227–234 [in Polish].

Osten-Sacken A., 2000. Mocznik w mleku – nowy parametr diagnostyczny [Urea in milk – new di-

agnostic parameter]. Prz. Mlecz. 4, 113–115 [in Polish].

Pytlewski J., Dorynek Z., 2000. Wpływ wybranych czynników na zawartość komórek somatycznych

w mleku krów [Effect of some selected factors on the content of somatic cells in cow milk].

Rocz. AR Pozn. CCCXXX, Zootech. 52, 99–112 [in Polish].

Rajala-Schultz P.J., Saville W.J.A., 2003. Sources of variation in milk urea nitrogen in Ohio dairy

herds. J. Dairy Sci. 86, 1653–1661.

SAS User’s Guide, 2007. Statistics. Ver. 9.13. Editions SAS Inst., Cary, NC.

Sawa A., Oler A., 1999. Wpływ zapalenia wymienia i wybranych czynników środowiskowych na

wydajność, skład i jakość mleka [Influence of mastitis and the selected environmental factors

on the yield, composition and quality of milk]. Zesz. Nauk. Prz. Hod. 44, 225–233 [in Polish].

Skrzypek R,. 2002. Liczba komórek somatycznych w mleku zbiorczym w zależności od czynników

organizacyjnych i technologicznych [Somatic cell count in bulk tank milk in relation to man-

agement and technological factors]. Med. Weter. 58, 632–635 [in Polish].

Skrzypek R., Chraplewski H., Białoń K., 2005. Zależność między koncentracją mocznika w mleku

a płodnością krów [Relationship between milk urea concentration and cow fertility].

Med. Weter. 61, 536–539 [in Polish].

Acta Sci. Pol.

48 J. Pytlewski et al.



ZALEŻNOŚCI MIĘDZY LICZBĄ KOMÓREK SOMATYCZNYCH
A POZIOMEM MOCZNIKAW MLEKU KRÓW RASY POLSKIEJ
HOLSZTYŃSKO-FRYZYJSKIEJ ODMIANY CZARNO-BIAŁEJ
I CZERWONO-BIAŁEJ

Streszczenie. Celem pracy było zbadanie wpływu liczby komórek somatycznych na zawartość
mocznika w mleku krów rasy polskiej holsztyńsko-fryzyjskiej odmiany czarno-białej (N = 390)
i czerwono-białej (N = 86) utrzymywanych w jednym z gospodarstw Wielkopolski. Stwier-
dzono, że poziom mocznika w mleku krów ocenianych genotypów mieścił się w przyjętej nor-
mie, przy czym wyższymi wartościami tego parametru charakteryzowały się krowy rasy polskiej
holsztyńsko-fryzyjskiej odmiany czerwono-białej. W mleku krów rasy polskiej holsztyńsko-
-fryzyjskiej odmiany czarno-białej, o zróżnicowanym udziale genów rasy holsztyńsko-fryzyj-
skiej, wykazano spadek zawartości mocznika w miarę wzrostu liczby komórek somatycznych.
Biorąc pod uwagę wydajność dobową mleka oraz mleka standaryzowanego (4%-FCM), najko-
rzystniejszymi wynikami charakteryzowały się zwierzęta o najniższej zawartości komórek so-
matycznych w mleku.

Słowa kluczowe: komórki somatyczne, mleko, mocznik
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