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Effect of somatic cell counts in milk on its quality depending
on cow breed and season

Wplyw liczby komérek somatycznych w mleku na jego jako$¢ w zalezno$ci
od rasy krow i pory roku

Summary. The aim of the present work was to determine the physicochemical quality of milk in
relation to the bovine udder health status, taking cows’ breed and production season into consid-
eration. The studies were conducted throughout three successive years (2006-2008) on milk sam-
ples collected from the cows of three breeds, i.e. Polish Holstein-Friesian Black and Red-White
variety, Simental and Jersey. All cows were managed in free-stall barns and their feeding system,
in winter as well in summer season, was based on TMR (total mixed ratio). A total of 1822 milk
samples were researched. In each sample the somatic cell count (SCC), chemical composition as
well as acidity were examined. The research material within each breed was assigned into four
groups according to SCC. It was found that the increase of SCC in milk first of all led to a de-
crease of casein share in crude protein and lactose content, with a slight decrease in fat content. It
should be marked that the statistically significant changes in some milk components content were
noted only when SCC exceeded 500 000 cells cm™, so in the milk which does not meet the current
quality requirements.
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INTRODUCTION

Despite the extensive research effort focused on dairy cattle improvement and edu-
cational programs for producers, mastitis has remained as one of top factors affecting
milk production and its nutritional value. Somatic cell count (SCC) is the most widely
accepted indicator of the mammary gland health and milk quality and at the same time,
one of the criteria for milk acceptance by a purchase point. In Poland and other European
Union countries, a requirement laid down [Regulation (EC) No 853/2004] for incoming
raw milk established 400 000 SCC cm” as the upper limit. However, Canada agreed on
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threshold of 500 000 SCC c¢m™ in milk for consumption and the USA has the highest
upper limit for SCC — 750 000 cells cm™ [Schukken er al. 2003]. According to many
authors [Urech ef al. 1999, Hamann 2002, Smith 2002, Pyorala 2003, Malinowski et al.
2008], an udder quarter producing milk of 200 000 SCC c¢m™ or more is very likely to
exhibit clinical manifestations of subclinical mastitis. Elevated count of somatic cells
leads to decreased milk efficiency, lower nutritional and technological milk value and
consequently, serious economic losses. Huijps et al. [2008] reported that the mastitis-
induced financial losses amount to average 78 Euros per cow annually. In Poland, ca
30-50% of dairy cow population show mastitis symptoms every year, in that clinical
forms of the disease are recognized in 2—5% cows [Glowacki 2006].

The aim of the present research was evaluation of physicochemical quality of milk
subject to udder health status, including cow breed and production season.

MATERIAL AND METHODS

The studies were carried out during three successive years (2006-2008) on milk
samples collected from cows of three breeds: Polish Holstein-Friesian Black-White and
Red-White variety, Simental and Jersey. All the free stall housed cows were fed in the
TMR feeding system (maize silage, hay silage, concentrate). The milk samples were
taken individually from each cow during the trial milkings twice a year, i.e. in the winter
and summer season. A total of 1822 milk samples were included into studies (winter —
946; summer — 876). Each milk sample was examined for SCC using the flow cytometry
technology Somacount 150 (Bentley), chemical composition by an Infrared Milk Ana-
lyzer (Bentley), a casein percentage [AOAC 1998] and active acidity — pH using a pH-
meter and potential (titratable) acidity expressed in °SH [PN-68/A-86122].

Data of daily milk yield was provided by the breeding records run by the Polish Fed-
eration of Cattle Breeders and Dairy Farmers.

The research material within each breed was divided into 4 groups according to the
SCC values : I — up to 100 000 SCC cm™; I — 101-400 000 SCC cm™; III — 401-500 000
SCC em™; IV > 500 000 < 1 million SCC cm™. The data made the basis for statistical
analyses of milk parameters.

The obtained study results were analyzed statistically using the StatSoft Inc. ver. 6
(StatSoft Inc. 2003) program based on two-factor variance analysis. Significance of
differences was determined by the Fisher’s LSD test. To establish a relationship between
SCC and milk parameters, Pearson correlation coefficients were computed.

RESULTS AND DISCUSSION

Daily milk efficiency of the cows under investigations averaged in the summer pe-
riod from 19.86 kg in Simental up to 21.53 kg in Polish Holstein-Friesian Black-White
variety. Whereas in the winter season, from 20.05 kg up to 25.58 kg, respectively. In-
creasing the SCC in cow milk caused a progressive decrease in daily milk yield.

Elevated SCC is, as a rule, associated with changes in milk chemical composition
that deriorate milk nutritional value. The present researches have revealed that rising
SCC numbers (regardless of cow breed or season) produces changes in a crude protein
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content, in that casein (Tab. 1 and 2). The observed declined tendency in crude protein
concentration persisted in most cases, including group III. While, in group IV, i.e. with
SCC exceeding 500 000 SCC cm™, there was found slight statistically insignificant
growth of this constituent. It should be highlighted that the highest crude protein content
was determined in milk from Jersey cows breed in the winter period. Lindmark-Ménsson
et al. [2006] reported that total crude protein concentration usually does not undergo any
changes at the SCC count below 1 million cm™.

According to expectations, a substantive decrease in a casein content with the con-
current SCC counts elevation was observed in both seasons, the highest between group
IIT and IV. In the summer period, this constituent level declined in the last group as com-
pared to group I — average by 6.5% (p < 0.05), while in milk obtained from the Polish
Holstein-Friesian Black-White variety cows by as high as 7.4% (p < 0.05). In the winter
season, the differences ranged from 3.6% in milk from Simental up to 4.9 and 5.5% in
Polish Holstein-Friesian Red- and Black-White variety cows’ milk and the final average
was 4.2%. A markedly negative relationship between SCC and a milk casein content was
confirmed by relatively high correlation coefficients (Tab. 4).

A fat level also showed a downwards tendency with the SCC increase, but signifi-
cant differences were determined only in milk from Jersey breed cows at the summer
period (0.25%) and in milk obtained from Simental in the winter season (0.24%). Ogola
et al. [2007] and Forsbéack et al. [2009] conclude that the changes in protein and fat
content in milk with elevated somatic cell numbers arise from the increased risk for
proteolysis and lipolysis occurrence.

Rising the SCC in milk caused a decreased lactose level. A difference between
group I and IV reached 0.20% (p < 0.01) in both periods. In the winter season, milk from
Holstein-Friesian Black-White variety and Simental cows displayed a significant de-
cline in lactose concentration in a group with SCC surpassing 400 000 SCC cm™.
A significant negative relationship between the SCC and a milk lactose content was
indicated by the correlation coefficients (Tab. 4). The changes recorded in each milk
constituent with the concurrent SCC elevation induced some changes in a dry matter
percentage as well. Regardless of a production season, milk with the lowest SCC level
(group I) as compared to milk from IV group cows, contained more dry matter by 0.45%
in summer and by 0.52% in winter.

Higher SCC, according to Hamann [2002], evidences disturbed milk secretion,
which causes lower daily milk yield, changes in its chemical composition and deterio-
rated technological properties. It is consistent with the research findings reported by
other authors [Bernatowicz et al. 2004, Giersz et al. 2004, Piccinini et al. 2006, Berlung
2007, Bartowska et al. 2009, Modesto et al. 2009]. It was found that increased SCC
declined significantly the milk efficiency and a casein level accompanied by slight
changes in crude protein concentration.

A key criterion for milk acceptance by purchase points proves to be milk acidity,
both potential (°SH) and active (pH), which serves to evaluate milk freshness. Titratable
acidity of raw milk should range between 6.0°SH and 7.5°SH, while pH — from 6.6 up to
6.8. The obtained research results (Tab. 1 and 2) are contained within the required inter-
vals and that gives evidence of freshness of the analyzed milk. Increased SCC has been
proven to cause a significant decline in milk potential acidity in the winter period (from
7.28°SH to 6.57°SH). In the studies by Ogola et al. [2007], no significant impact of the
SCC on pH value was recorded, but interestingly, the SCC growth was accompanied by
the elevation in milk active acidity.
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The final results of variance analysis (Tab. 3) have indicated that a breed had sig-
nificant effect on all milk parameters under study and, as the only factor, it did affect
aratio between protein and fat. As for the somatic cell count, there was shown the im-
pact of this factor on a crude protein content (p < 0.05), lactose (p < 0.01) and dry matter
(p £0.01), a casein percentage (p < 0.01) and milk acidity (p < 0.05). Season was also
noted to influence significantly (p < 0.01) each milk constituent and parameter, except
for casein and acidity. Significant interactions between cow breed and production season
were not recorded only for protein to fat ratio and titrable acidity. The significant interre-
lations between cow breed and SCC were reported solely for a lactose content (p < 0.05),
while between season and SCC count — for crude protein and casein level (p < 0.05).
Some significant interdependences between three analyzed factors were found for crude
protein, fat and dry matter concentration.

CONCLUSIONS

1. A rise in somatic cell numbers (regardless of cow breed and season) translates
into a direct decline of a casein content in crude protein and lactose level, with a signifi-
cant decrease in fat concentration.

2. The significant changes in milk constituents were recorded only when the SCC
exceeded 500 000 cm™, that is in milk that does not meet the current regulatory quality
standards.
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Streszczenie. Celem badan byla ocena jakosci fizykochemicznej mleka w zaleznosci od stanu
zdrowotnego wymienia, z uwzgle¢dnieniem rasy krow oraz pory roku. Badania przeprowadzono
w okresie trzech kolejnych lat (2006-2008) na probach mleka pobranych od krow 3 ras, tzn.: od
polskiej holsztynsko-fryzyjskiej odmiany czarno-bialej i czerwono-biatej, simentalskiej oraz jer-
sey. Wszystkie krowy utrzymywano w oborach wolnostanowiskowych, a ich zywienie, zardwno
W sezonie zimowym, jak i letnim, prowadzono systemem TMR. Lacznie badaniami objgto 1822
proby mleka. W kazdej probie oznaczono: liczbg komoérek somatycznych (LKS), sktad chemiczny
oraz kwasowo$¢. Material badawczy w obrebie kazdej rasy podzielono na 4 grupy wedlug LKS.
Wzrost LKS w mleku prowadzil zwlaszcza do obnizenia udziatu kazeiny w biatku ogélnym i za-
wartosci laktozy, przy nieznacznym spadku zawartoséci tluszczu. Nalezy zaznaczyé, ze do istot-
nych zmian w zawartoS$ci niektorych sktadnikow mleka dochodzito z reguty dopiero wowczas, gdy
LKS przekraczala 500 tys. cm™, a wiec w mleku niespelniajacym obecnie obowiazujacych wyma-
gan jakosciowych.

Stowa kluczowe: jako$¢ mleka, liczba komorek somatycznych, rasa krow
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