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The purpose of the present work was to investigate the impact of somatic cell count (SCC) on the content of milk
casein and to compare the sensitivity of different methods for the determination of the casein level in milk. Two dif-
ferent methods were employed in order to determine the casein level: routine method - infrared spectrophotometry
and reference method — Kjeldahl. Data array of 26, 169 milk samples of the livestock control was used to analyse milk
casein variation by SCC limits. Mean casein values (investigated by the routine method) varied from 2.47% to 2.8%
(2.65 £ 0.09) and casein number (in % on crude protein basis) — CN% varied from 79.5% to 81.1%. The present analysis
showed that the relation between SCC and casein content obtained by the routine method correlated significantly (Pear-
son correlation r,= 0.644, P < 0.05, R* = 0.414, Spearman correlation r,=0.786, P < 0.05). Evaluated results obtained
by the least squares method, and linear approximation of variation indicators presented a noticeable decline in casein
percentage — 0.27%, when SCC increased by 80 x 10°/ml, but only when the studies were done by the reference method.
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In modern human nutrition milk still gains in-
creasing importance as it is the basic raw material
for a great diversity of dairy products. The health of
the udder can have a profound effect on the quality
and processing characteristics of milk. Many milk
processing companies worldwide have incorporated
somatic cell count as a key parameter in schemes
which reward producers for producing milk of the
highest quality. The occurrence of inflammatory
process or mastitis generally leads to an increase in
SCC in milk, which has been associated with changes
in milk components and properties (BARBANO et
al. 1991; AuLpisT & HUBBLE 1998; TRIPALDI et al.
2003; CUNHA ef al. 2008; BARLOWSKA et al. 2009).

In Europe, according to the currently valid legisla-
tion, Commission Regulation (EC) No. 1662/2006
of 6 November 2006, milk intended for human con-

sumption should not contain more than 400 x 10*/ml
somatic cells. This level will minimise the effects of
mastitis on product quality, although negative ef-
fects on product quality have been reported for milk
with a SCC as low as 100 x 103/ml. Further, a bulk
milk somatic cell count of 400 x 10%/ml indicates
that around 40% of cows in a herd might be infected
(AuLpIsT & HUBBLE 1998; BARLOWSKA ef al. 2009).
Mastitic milk has a higher proteolytic activity than
normal milk, in part due to the increased proteinase
plasmin, which hydrolyzes caseins (LE Roux et al.
2003). Proteolysis could occur in milk with SCC
as low as 250 x 103/ml (LE Roux et al. 1995). The
variations in milk SCC explain about half of the
variations in milk plasmin and casein damage (LE
BARs & GRIPON 1993; LE Roux et al. 1995, 2003;
McSWEENEY & Fox 1995; BARBANO 2000). The
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deterioration of milk continues during storage and
may lead to casein proteolysis due to the presence
of proteolytic enzymes (BUTTON et al. 2011).

In countries where large quantities of milk are
processed to make cheese, it is crucial to assess the
range of the casein proportion in milk true protein
and the factors causing it to vary (COULON et al.
1998). Lack of simple routine analyses to measure
casein content in milk is a major factor limiting pro-
gress in this direction (HALLEN 2008). To calculate
milk casein as a percentage of true protein (C% TP)
according to BARBANO et al. (1991), casein and true
protein need to be measured. Milk protein can be
measured rapidly and cost-effectively by infrared
analysis, but the dairy industry does not currently
have a practical method for measurement of milk
casein content. Development of a rapid, accurate,
and economical test for casein would be of great
value to the dairy industry for use in milk payment
programs (BARBANO et al. 1991).

The purpose of the present work was to investigate
the impact of somatic cell count on the content of
milk casein as a percentage of true protein and to
compare the sensitivity of two different methods for
the determination of the casein level in milk.

MATERIAL AND METHODS

Analysis of database concerning casein and SCC
in milk samples from livestock in Lithuania. Milk
casein and SCC data array of the livestock control
(June 2013) was used for a situation analysis. To-
tal data sample record of the livestock control in
Lithuania consisted of 22.6% records (26 169 milk
samples). Structured Query Language (SQL) data
were processed in the database management system
of Linux operating environment. The groupings of
milk samples were performed on the basis of SCC
with the help of SQL request in the database of the
livestock control. The individual animal milk samples
were divided into thirteen groups where SCC varied
from 10 x 10%/ml to 4999 x 103/ml and the average
of casein as the mean percentage of true protein in
each group was computed.

Investigation of casein and SCC in milk
samples from selected herd

Collection of milk samples. A selected herd was
participating in the animal productivity control
program. Overall 110 cows were randomly selected.
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All animals enrolled in the study were lactating cows
of the holsteinized Black-and-White breed. The milk
samples were collected during control evening milk-
ing time as total quarter milk from each cow in pairs.
After cleaning and disinfection of the teats, 50 ml
of milk were aseptically collected in sterile plastic
tubes according to LST EN ISO 707:1999 + P:2003
standard. Samples were kept under refrigeration
until arrival to laboratory facilities and were tested
within 6 h from collection.

Analysis of milk samples. The analysis of raw milk
samples was performed in an accredited milk labora-
tory. As the first step for determination of somatic
cell count, 110 collected milk samples were preserved
and analysed by the flow cytometric analysis method
using a Somascope cell counter according to LST
EN ISO 13366-1:2008 + AC:2009 standard for a
microscopic method.

As a further step, eighteen milk samples sorted ac-
cording to SCC results of the first step were investi-
gated for casein content and CN ratio (in %) in milk
by reference Kjeldahl method and routine infrared
spectrophotometric method. Casein nitrogen con-
tent was determined by an indirect reference meth-
od. Determination of casein and non-casein nitrogen
(NCN) content was done according to ISO 8968-1:
2014 Milk and milk products — Determination of ni-
trogen content — excerpted Part 1: Kjeldahl principle
and crude protein calculation. NCN was obtained
using precipitation with acetic acid and sodium ac-
etate solutions. The precipitated casein was removed
by filtration, so NCN remained in the filtrate. Nitro-
gen content in the filtrate was determined according
to ISO 8968-1:2014 Milk and milk products — De-
termination of nitrogen content — excerpted Part 1:
Kjeldahl principle and crude protein calculation. Casein
nitrogen was calculated from the total nitrogen minus
the obtained NCN content of milk. Casein number (in
% on crude protein basis) and casein mean values were
analysed by the routine infrared spectrophotometric
method using a LactoScope FTIR analyser according
to LST ISO 9622:2000 standard.

Statistical analysis. SQL data store and GraphPad
Prism Version 4.0 statistical package were used for
biometric data analysis. Arithmetic means (x), me-
dium standard deviations (SD) and standard error
(SE), coefficients of variation (CV), minimum and
maximum values were calculated for cow’s milk ca-
sein parameters and somatic cell count. Pearson and
Spearman correlation coefficients and linear regres-
sion were used to investigate the relationship between



Czech J. Food Sci., 34, 2016 (1): 47-51

Food Technology and Economy, Engineering and Physical Properties

doi: 10.17221/254/2015-CJES

Table 1. Variation indicators of casein distribution by SCC limits

No of groups SCC groups (x 103/ml)  Number of cows (1) x CN (%) SD cv
1 10-99 8737 2.47 79.5 0.31 12.52
2 100-199 6970 2.53 79.8 0.35 13.79
3 200-299 3790 2.59 80.0 0.38 14.48
4 300-399 2230 2.65 80.2 0.40 15.14
5 400-499 1421 2.64 80.1 0.40 15.13
6 500-599 1099 2.66 80.3 0.42 15.69
7 600-699 793 2.68 80.6 0.44 16.35
8 700-799 471 2.71 80.7 0.43 15.79
9 800-999 338 2.70 80.5 0.44 16.25
10 1000-1499 187 2.60 80.1 0.35 13.48
11 1500-1999 90 2.74 80.7 0.52 19.08
12 2000-2999 32 2.66 80.3 0.30 11.22
13 3000-4999 11 2.80 81.1 0.30 10.61

x —mean casein values; CN — casein number values (in % on crude protein basis); SD — standard deviations; CV — coefficients

of variation

SCC levels and milk casein. Results were statistically
significant when R* was not lower than 0.25.

RESULTS

Mean casein values by somatic cell count limits
of database analysis from the livestock of Lithuania
ranged from 2.47 to 2.8 (2.648 + 0.09; SE 0.02); these
data are reported in Table 1 and Figure 1. The pre-
sent analysis shows only a slightly notable change
in casein of controlled cow’s milk by somatic cells
count limits. When milk samples were estimated
by the infrared spectrophotometric method, a high
level of SCC had a statistically positive relation to
the casein content (P < 0.05).

CN (in %) estimated by the reference method was
2-5% higher than the casein percentage tested by the
infrared spectrophotometric method when SCC was
low and ranged from 33 x 10%/ml to 293 x 10%/ml.
Though, when SCC was high and ranged from 2203 x
103/ml to 5395 x 10%/ml, the casein percentage de-
creased to 5%, in comparison with the casein level
estimated by the infrared spectrophotometric method.
The data obtained by reference (Kjeldahl) and routine
(infrared spectrophotometry) methods correlate sig-
nificantly (Pearson correlation » = —0.634, P < 0.05,
R?=0.4023). These data are reported in Figure 2.

Evaluated results obtained by the least squares
method, and linear approximation of variation in-
dicators are presented in Figure 3. When the studies
were done by the reference Kjeldahl method with
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Figure 1. Changes in casein percentage (CN%) by somatic
cells count (SCC) limits tested by infrared spectropho-
tometric method

Figure 2. Changes in casein percentage (CN%) by somatic
cell count (SCC) limits tested by reference Kjeldahl and
routine infrared methods
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Figure 3. Linear regression model of the effect of somatic

cell (SCC) count on milk casein number (CN in % on
crude protein basis)

eighteen milk samples, SCC increased from about
30 x 103/ml to 5000 x 10%/ml, and casein number
decreased from 81% to 74%. Results were statistically
significant (R* = 0.4638).

DISCUSSION AND CONCLUSIONS

Our objective in this investigation was to assess
the influence of somatic cell count on the casein
level in cow’s milk. It has been suggested that a
somatic cell count in milk higher than 400 x 10%/ml
probably indicates that the cow suffers from udder
inflammation (AKERrs 2002). High SCC influences
milk quality, as it is associated with the increased
proteolytic degradation of caseins (BARBANO et al.
1991; BASTIAN & BROWN 1996).

It was hypothesized that the relationship between
increasing milk SCC and decreasing casein would be
linear. The data collected in this study demonstrate
a statistically positive relation (P < 0.05) between
SCC and the content of casein when milk samples
were tested by the routine infrared spectrophoto-
metric method.

At the beginning of this study, data array of the
livestock control was taken for a situation analysis to
estimate the casein variation by SCC limits in milk.
The average percentage of casein by somatic cells
count limits ranged from 79.5% to 81.1%. The pre-
sent analysis showed that an increase of somatic cell
counts in milk was associated with increased casein
content. The casein content was related with somatic
cells by a positive correlation (Pearson correlation r,=
0.644, P < 0.05, R* = 0.414, Spearman correlation r_=
0.786, P < 0.05). According to other authors, to obtain
better values of these parameters SCC 200 x 10%/ml
should not be exceeded (BARBANO et al. 1991; TRI-
PALDI et al. 2003). This may be linked to increased

50

doi: 10.17221/254/2015-CJES

endogenous proteolysis due the elevation of plasmin
or other proteases derived from somatic cells, leading
to the breakdown of casein and the influx of blood
proteins (immunoglobulins — IgG, and bovine serum
albumin) into milk due to increased permeability
of the mammary epithelium, which results in an
elevated non-casein nitrogen content (LE Roux et
al. 1995; CoUuLON et al. 2002). The results obtained
in this study are in contradiction with the results
reported by some authors. According to TRIPALDI
et al. (2003) the content of casein decreased when
somatic cells increased (from 3.90% to 2.69%). Similar
results were reported by BALLOU et al. (1995) and
LITWINCZUK et al. (2011).

The investigation of casein by different methods was
analysed in a scientific study performed by BARBANO
and DELLAVALLE (1987). These authors determined
that protein, casein, or non-casein protein in 36 differ-
ent individual herd milk samples subjected to analy-
sis of variance indicated no statistically significant
differences between the results from Kjeldahl and
infrared analyses. Casein as a percent on the total
nitrogen basis varied from 76.3% to 78.8% (BARBANO
& DELLAVALLE 1987). HANUS et al. (2010) reported
that the casein number varied from 79.4% to 80.56%
(two breeds, Holstein and Czech Fleckvieh, six herds)
in bulk milk samples in three years. The variability
was from 1.4% to 1.5% relatively, which means low.
It was shown on relatively reliable casein analyses
by indirect methods of infrared spectroscopy (MIR
— Michelson interferometer and MIR-FT — Fourier
transform) (HANUS et al. 2010). We found out that
high SCC showed a negative correlation with casein
when milk samples were tested by the routine infrared
spectrophotometric method. When the studies were
done by the reference Kjeldahl method and SCC was
increased, linear approximation of variation indica-
tors showed a noticeable decline in casein number
from 81% to 74 %.

Based on the results, it can be concluded that from
the data array of the livestock control the relation-
ship between increasing milk SCC and increasing
casein content demonstrates a statistically positive
relation (P < 0.05). There was a slight change in CN
(in %) with milk SCC increasing from 10 x 103/ml to
2999 x 103/ml when milk samples were tested by the
infrared spectrophotometric method. Determination
of casein by different methods indicated that CN
decreased from 78% to 75% with milk SCC increas-
ing from 2203 x 10%/ml to 5395 x 103/ml when milk
samples were tested by the reference Kjeldahl method.
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Further studies are needed to clarify the relation-
ships between casein content and SCC in cow’s milk.
To develop a method for the determination of milk
casein content more practical studies and analyses
are required.
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