
Medycyna Wet. 2008, 64 (11) 1299

Praca oryginalna Original paper

Udder inflammations are still the most frequent and
costly diseases affecting dairy cows in the world (15, 30,
39). Mastitis alters both milk composition and produc-
tion. Mammary gland inflammation is a consequence of
the activity of a number of cell and soluble factors that
function together to eliminate invading microorganisms
(27, 29).

Milk from inflamed glands is characterized by a lower
concentration of basic components (lactose, casein,
vitamins, some minerals), and higher concentration or
activity of cytokines, eicozanoids, some enzymes,
minerals and proteins (8, 3, 14, 20, 25, 31, 41). The pre-
sence of higher concentrations of TNF-alpha and other
cytokines, PGF2-alpha, IGF, BSA, histamine, brady-
kinin, thiocyanate, reactive oxygen species or lower
concentrations of beta-casein, lactoalbumin-alpha, lac-
toglobulin-beta, vitamin E and C and triiodothyronine
in fresh milk, that are connected with mastitis, can be
potentially detrimental both to the health of calves and,
above all, for humans (21).

Clinical udder inflammation is diagnosed by clinical
methods and does not require additional equipment. Sub-

clinical mastitis can be detected using a variety of direct
and indirect laboratory tests but the primary definition
is based upon the somatic cell count. In milk from the
healthy quarters of healthy cows the number of somatic
cells is lower than 100,000/ml (16, 36, 39, 41). The
number of leucocytes, mostly PMNs, increases during
the inflammation of the mammary gland. SCC in milk
from subclinically infected and inflamed quarters fluc-
tuates from 200,000 to 2,000,000/ml or even more, and
in clinically sick quarters SCC often exceed 10 million/
ml (9, 13, 19, 22, 36, 40).

Determination of SCC is the most widely used
method for detecting and measuring the inflammatory
process in the udder as well as milk losses both from the
cow and at the herd level. SCC is also chosen and accep-
ted as an indicator of bulk tank milk quality (9, 18, 29,
31, 33). In practice milk somatic cells are measured
directly by the microscopic method or with highly so-
phisticated apparatuses (Fossomatic, Somacount, Soma-
scope) in laboratories and with portable instruments such
as the C-reader system (24) and DeLaval cell counter
(34, 36), that are suitable for farmers and laboratories.
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Summary

The aim of the examination was to evaluate the effect of the preservative and storage conditions of samples
on the somatic cell count (SCC) with the DeLaval cell counter (DCC) and Fossomatic 90 (FS) in different
kinds of cow milk. SCC was measured in 25 premilk samples from the healthy quarters (HQ) of 25 clinically
healthy cows, in 25 premilk samples from the quarters with subclinical mastitis (SMQ) of other 25 clinically
healthy cows, in 25 composite cow milk (CCM) samples of other 25 clinically healthy cows, and in 25 samples
of bulk tank milk (BTM) from 25 farms. The somatic cell count determined with DCC immediately after
sampling ranged from 1,000 to 156,000/ml in samples from HQ, from 142,000 to 1 672,000/ml in samples from
SMQ, from 5,000 to l 442,000/ml in CCM and from 46,000 to 603 000/ml in BTM. It was established that DCC
indicates almost an identical number of cells in milk immediately after sampling, and in the same samples
cooled and stored for 1h, 24h, 72h or frozen and stored for 7 days, irrespective of preservation with Bronopol.
Somatic cell counts in unpreserved and preserved milk samples determined with DCC were very close to cell
counts established with Fossomatic 90. The correlation between data obtained with DCC and Fossomatic 90
was statistically significant (p < 0.01).
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The aim of the examination was to evaluate the effects
of the preservative, temperature and time of sample sto-
rage on the SCC measured with a DeLaval cell counter.

Material and methods
Somatic cell count was measured in 25 premilk samples

from the healthy quarters (HQ) of 25 clinically healthy cows,
in 25 premilk samples from quarters with subclinical mastitis
(SMQ) of other 25 clinically healthy cows, in 25 composite
cow milk samples (CCM) of 25 clinically healthy cows, and
in 25 milk samples of bulk tank milk (BTM) from 25 farms.

Samples from the healthy quarters of 25 healthy cows were
taken in farm Gr before the morning milking. Teats were
cleaned, strict premilk was forstripped on strip plates and
checked for clinical mastitis (visible changes) and then
California Mastitis Test (CMT) was performed. Interpre-
tation (scoring) of CMT (TOK in Poland): 1) negative (�),
2) questionable or slight (+/�), 3) slight-moderate (+), 4) mo-
derate (++), 5) heavy (+++). From one chosen CMT-negative
(�) quarter of each cow a 100 ml of premilk was collected
manually into a sterile glass vial. Somatic cell count was
measured immediately with a DeLaval cell counter (DCC)
according to the manufacturer�s instructions in three repeti-
tions (examination I). The sample was then divided into
2 identical portions (halves). One half was treated with the
preservative (Bronopol; 0.05%: according to Polish regula-
tions � complete with the number of standard �(PN-EN ISO
13366-1:2000)� � and the second one was not treated. Both
halves were then put into a portable cooler and cooled to
5-8°C. The samples were then transported (about 30-50 min.)
to the Laboratory of National Veterinary Research Institute in
Bydgoszcz. Immediately after delivery both preserved and
unpreserved samples were heated to 42°C and examined with
DCC and Fossomatic 90 (FS) in three repetitions. Preserved
and unpreserved samples were then once more divided. One
part was stored in a refrigerator (4°C) and the second part
was frozen (minus 20°C). Examinations of the refrigerated
samples (DCC, FS) were made after 24 hours (examination
III) and next 48 hours, i.e. 72 hours after sampling (examina-
tion IV). The frozen milk samples were examined only once
� in the 7th day after sampling (examination V).

Samples from the subclinically inflamed quarters (sub-
clinical mastitis quarters; SMQ) of 25 clinically healthy cows
were taken in farm Sc. Teats were cleaned, first streams of
milk (foremilk) were checked for clinical mastitis and CMT
was performed. From one chosen CMT-positive quarter
(+: slight-moderate or ++: moderate) 100 ml of foremilk was
taken manually into sterile glass vials. Examination I (with
DCC), preservation, cooling, transportation of samples, and
all measurements with DCC and FS (examinations II, III,
IV, V) in the Laboratory were performed as in the case of
samples from healthy quarters (HQ).

Composite cow milk (CCM) samples (cow milk, milk of
individual cows) were taken in farm Gr immediately after the
morning milking. Teats were cleaned; foremilk was stripped
on strip plates and checked for clinical mastitis. After the
sanitizing and drying of teats teat cups were attached and cows
were milked to individual cans. Teat cups were removed when
milking was ended and the teats were dipped. The sample
(100 ml) for SCC examinations was taken after a slow stir-
ring of milk from the middle part of the can and immediately
checked with DCC (examination I). The preservation, cooling,
transportation of samples and all measurements with DCC
and FS (examinations II, III, IV, V) in the Laboratory were
performed as already described (HQ, SMQ).

Bulk tank milk (BTM; farm milk) samples were taken from
25 bulk tanks belonging to 25 farms (milked from 10 to
50 cows) located near Bydgoszcz. Cows were prepared for
milking as already described. The sample (100 ml) for SCC
examinations was taken from the middle part of the tank and
immediately checked with DCC (examination I). The preser-
vation, cooling, transportation of samples, and all measure-
ments with DCC and FS (examinations II, III, IV, V) in the
Laboratory were performed as described in the case of HQ,
SMQ and CCM.

In addition fresh milk samples from healthy quarters and
from subclinically inflamed quarters were examined bacte-
riologically in the Laboratory.

During the examinations attention was also paid to the
sensitivity and repeatability of cell count results obtained with
a DeLaval cell counter in the same sample.

Statistical calculations included multifactorial variance
analysis with the division of means into homogenous groups
with Fischer test. The analysis was performed with Statistica®

(Statsoft) software.

Results and discussion
SCC in fresh milk immediately after sampling.

Somatic cell count (SCC) established with a DeLaval Cell
Counter (DCC) in premilk from healthy quarters (HQ)
ranged from 1,000 to 156,000/ml. Twenty-one samples
(84%) had less than 100 000 cells /ml and only 4 samples
(16%) had slightly more. In addition, all samples were
bacteriologically negative. SCC in premilk from sub-
clinical mastitis quarters (SMQ) ranged from 142,000 to
1672,000/ml. All samples were bacteriologically positive.
SCC in fresh composite milk from individual cows (CCM,
can milk) ranged from 5,000 to 1 442,000 and in fresh
bulk tank milk (BTM) this count ranged from 46,000 to
603,000/ml.

Premilk from healthy quarters. The arithmetical
means of SCC in samples from the HQ of healthy cows
determined with DCC and FS are presented in table 1.
Measurements of fresh milk with DCC at the farm imme-
diately after sampling showed 35,533 +/� 48,159 cells in
1 ml of premilk. It can be observed that DCC and Fosso-
matic produced almost the same results if measurements
were performed immediately after samples were delive-
red to the Laboratory (examination II). Results did not
change if measurements were done after 24 h (examina-
tion III) and 72 h (examination IV) of storing milk in the
refrigerator (plus 4 degrees C). Bronopol (BR) did not
change SCC if measurements with DCC and Fossomatic
were performed after the transportation of samples to the
Laboratory (examination II). Preservation did not affect
SCC in milk stored in the refrigerator for 24 and 72 hours.
Somatic cell count in milk samples frozen for 7 days that
was established with DCC and Fossomatic was lower,
but not statistically, compared to results noted in samples
cooled only and stored for 24 and 72 hour in the refrige-
rator.

Premilk from subclinically inflamed quarters. The
arithmetical means of SCC in premilk from the SMQ of
clinically healthy cows measured with DCC and FS are
presented in table 2. DCC established 560,613 +/� 328,028
cells in 1 ml of fresh milk immediately after sampling at
cow side (examination I). Mean counts obtained with DCC
were higher (not statistically) when measurements of
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cooled samples were performed in the Laboratory (exa-
mination II, III and IV). Somatic cell numbers were
slightly higher in samples preserved with Bronopol. Fos-
somatic 90 found more cells than a Delaval cell counter
in unpreserved samples after their delivery to the labora-
tory (examination II). Results noted after 24 hours (exa-
mination III) with DCC and Fossomatic were close.
Average somatic cell counts determined with DCC and
FS in milk samples stored for 72 hours (examination IV)
were almost identical. However, SCC established with
FS in frozen samples were statistically lower if compared
to counts established earlier in cooled samples, but they
were almost identical if compared to SCC in frozen
samples determined with DCC.

Cow composite milk. The arithmetical averages and
standard deviations of SCC in the CCM samples of com-

posite particular cows� milk assessed with
DCC and FS are presented in table 3. Ave-
rage SCCs measured with DCC (examina-
tion I) in fresh milk immediately after sam-
pling were 179,333 +/� 280,137. The average
somatic cell counts established with DCC
during further examinations (II, III, IV) were
almost the same, and they were slightly
lower if cells were measured in frozen milk
(examination V). The results of measuring
SCC with Fossomatic in milk samples after
their transportation to the laboratory (exami-
nation II) and after storing in the refrigerator
(examinations III and IV) did not differ, but
results obtained in examination V (fresh and
preserved frozen milk) were slightly lower.

Bulk tank milk. The arithmetical avera-
ges determined with a DeLaval cell counter
and Fossomatic 90 are presented in table 4.
SCC measured with DCC at examination I
was 258,347 +/� 139,527. The number of cells
determined with DCC 1 hour after sampling
as well after 24 hours, 72 hours (milk stored
in the refrigerator), and 7 days (milk frozen)
fluctuated slightly when compared to the re-
sults of the first examination in the cow-shed,
irrespective of preservation. The results of the
examinations of unpreserved and preserved
milk with Fossomatic were almost the same.

Sensitivity and repeatability. During the
examination it was also noted that DCC can
detect from one thousand cells to 1 672,000
cells or even more in 1 ml of milk in particu-
lar samples. It proves that DCC is a highly
sensitive apparatus. Repeatability of results
was also high both in samples from the healthy
quarters of healthy cows and in samples from
subclinically inflamed quarters, as well as in
composite cow milk and in bulk tank milk
samples, especially in milk containing more
than 50,000 SCC/ml. Data on the repeatability
and correlations depending on SCC establi-
shed with DCC and FS are presented in figu-
re 1. It can be noted that a single outcome can
differ by even more than 40% from the ave-
rage value only in milks with a small number

of somatic cells (20,000/ml or less). This error was smal-
ler if SCC was higher. Single outcome differed from the
average count by 15% in milk with 50,000 cells/ml, by
10% in milk with 100,000 cells/ml and by 3 to 7% in 1 ml
of milk with more than 200,000 cells. It should be added
that the errors of single outcomes in measurements with
DCC were almost identical as those in measurements
with FS.

Somatic cell count (SCC) is a fast and reliable analyti-
cal tool. It is related to the immunological status of the
udder and increases in response to an inflammatory
stimulus such as bacterial infections (19, 27, 28, 33).
Different models of Fossomatic cell counters have been
recommended by International Dairy Federation as one
of the methods for SCC determination (17). The number
of somatic cells determined with Fossomatic is also com-

Tab. 1. Arithmetical averages and standard deviations of somatic cell count
(SCC/ml) measured with a DeLaval Cell Counter (DCC) and Fossomatic 90
(FS) in milk samples from the healthy quarters of healthy cows

noitanimaxefooN
)52=n(CCD )52=n(SF

devreserpnU devreserP devreserpnU devreserP

I
)mrafehtta(

335,53
951,84± A denimaxetoN denimaxetoN denimaxetoN

II
)gnilpmasretfah1(

339,83
093,84± aA

067,14
361,45± aA

023,14
330,45± aA

061,14
329,45± aA

III
4taderots( ° )h4rofC

781,64
248,54± aA

025,74
974,45± aA

312,14
619,55± aA

080,93
253,25± aA

VI
4taderots( ° )h2rofC

707,44
506,25± aA

063,14
088,45± aA

390,54
624,75± aA

316,83
545,15± aA

V
)syad7rofnezorf(

318,33
804,94± aA

398,13
292,34± aA

392,82
414,24± aA

318,02
198,03± baA

Explanation: different lowercase letter � statistically significant difference in the
row, different capital letter � statistically significant difference in the column,
correlation coefficients for results obtained with DCC and FS after 1, 24, 72
hours and 7 days: R (unpreserved milk) = 0.9589, p < 0.01; R (preserved milk)
= 0.9722, p < 0.01

Tab. 2. Arithmetical averages and standard deviations of somatic cell count
(SCC/ml) measured with a DeLaval Cell Counter (DCC) and Fossomatic 90
(FS) in milk samples from the quarters with subclinical mastitis of clinically
healthy cows

Explanation: different lowercase letter � statistically significant difference in the
row, different capital letter � statistically significant difference in the column,
correlation coefficients for results obtained with DCC and FS after 1, 24, 72
hours and 7 days: R (unpreserved milk) = 0.9451, p < 0.01; R (preserved milk)
= 0.9619, p < 0.01

noitanimaxefooN
)52=n(CCD )52=n(SF

devreserpnU devreserP devreserpnU devreserP

I
)mrafehtta(

316,065
820,823± A denimaxetoN denimaxetoN denimaxetoN

II
)gnilpmasretfah1(

820,126
320,563± aA

067,337
431,404± aA

762,528
129,184± aA

084,267
032,044± aA

III
4taderots( ° )h42rofC

335,136
962,083± baA

726,147
941,804± baA

027,087
101,954± aBA

396,037
138,314± baBA

VI
4taderots( ° )h27rofC

084,496
472,304± aA

358,257
437,404± aA

760,897
934,454± aA

310,937
398,044± aBA

V
)syad7rofnezorf(

352,675
192,943± aA

084,695
461,243± aA

728,375
329,373± aB

78,335
086,733± aB
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monly used as a reliable control in cases of
other indirect and direct methods of evalua-
tion (1, 5, 7, 24). The effect of preservatives,
duration of cooled milk storage, temperature
and conditions of heating and measurements
on FS results are well documented (8, 35, 38).
It was also proved that Bronopol does not
affect SCC in milk (2, 11).

In the present examination somatic cell
counts measured with a DeLaval cell counter
in premilk from the healthy or subclinically
inflamed quarters of clinically healthy cows
as well as in composite cow milk and in bulk
tank milk were very close to the numbers of
cells established with Fossomatic 90. DCC
showed the same numbers of cells in milk
immediately after sampling, and in the same
samples cooled to 5-8°C and stored for 1 h,
refrigerated to 4°C and stored for 24 or 72
hours, irrespective of preservation with Bro-
nopol. The correlation coefficients between
outcomes both in unpreserved and preserved
milk established with DCC and FS were very
high and statistically significant. However,
in some cases both DCC and especially FS
counted less cells (not statistically) in samples
frozen to minus 20°C and stored for 7 days
when compared to results established in fresh
or refrigerated milk. Other authors also re-
ported a decrease in SCC after freezing and
thawing of milk. Barkema et al. (4) reported
a 10% decrease of SCC in cow milk frozen
(minus 20°C) and stored for 28 days. Marti-
nez et al. (23) also found lower SCC in ovine
milk after freezing as compared to outcomes
established after refrigeration. The decrease
in SCC was probably connected with mista-
kes during freezing and thawing of samples.

Results achieved in our examinations are
in agreement with other authors� data. Sari-
kaya and Bruckmaier (36) stated that DCC is
a useful apparatus for the determination of
disorders in the cow mammary gland. Van

Werven et al. (42) underlined that DCC gives more pre-
cise results in comparison with the indirect method of
counting cells. It enables diagnosing mastitic cows and
selecting udders or quarters for bacteriological examina-
tion. Ruegg et al. (34) indicated a high level of agreements
of SCC in cow milk measured with Fossomatic and DCC.
The correlation between the Log10

 FS (5.1) and Log
10

 DCC
(5.1) was 0.92 (p < 0.001). When subclinical mastitis was
defined based on a threshold of 250,000 cell/ml, there
was a 95.6% agreement observed between data from FS
and DCC. The high correlation between cell numbers
determined by DCC, Fossomatic and the microscopic
method in ovine milk was stated by Gonzalo et al. (12). It
should be added that DCC was used as a precise instru-
ment in scientific examinations of cows (36), ewes (11)
and goats (6 milk samples).

In our examinations the repeatability of measurements
was also satisfactory, especially in cases with higher SCC.
This conclusion agrees with the results of Faust and Timms

0

5

10

15

20

25

30

35

40

45

V
a
ri

a
b

il
it

y
o

f
s
in

g
le

o
u

tc
o

m
e

(%
)

0 200 400 600 800 1000 1200 1400 1600 1800

SCC (× 10 /ml)3

Explanation:

DCC

FS

Fig. 1. Repeatability of a single outcome obtained with DCC
and FS depending on the SCC/ml of milk

Tab. 4. Arithmetical averages and standard deviations of somatic cell count
(SCC/ml) measured with a DeLaval Cell Counter (DCC) and Fossomatic 90
(FS) in bulk tank milk samples

Explanation: different lowercase letter � statistically significant difference in the
row, different capital letter � statistically significant difference in the column,
correlation coefficients for results obtained with DCC and FS after 1, 24, 72
hours and 7 days: R (unpreserved milk) = 0.9060, p < 0.01; R (preserved milk)
= 0.9358, p < 0.01

noitanimaxefooN
)52=n(CCD )52=n(SF

devreserpnU devreserP devreserpnU devreserP

I
)mrafehtta(

743,852
725,931± A denimaxetoN denimaxetoN denimaxetoN

II
)gnilpmasretfah1(

088,932
785,121± aA

390,862
349,331± aA

701,622
534,331± aA

701,602
263,121± aA

III
4taderots( ° )h42rofC

040,392
511,251± aA

006,282
127,941± aA

008,742
703,431± baA

354,832
173,331± baA

VI
4taderots( ° )h27rofC

354,282
931,741± aA

339,752
461,731± aA

749,662
922,451± aA

375,942
696,731± aA

V
)syad7rofnezorf(

396,962
806,841± aA

042,772
953,641± aA

008,262
720,641± aA

745,932
237,131± aA

Tab. 3. Arithmetical averages and standard deviations of somatic cell count
(SCC/ml) measured with a DeLaval Cell Counter (DCC) and Fossomatic 90
(FS) in composite individual cow milk samples

Explanation: different lowercase letter � statistically significant difference in the
row, different capital letter � statistically significant difference in the column,
correlation coefficients for results obtained with DCC and FS after 1, 24, 72
hours and 7 days: R (unpreserved milk) = 0.9732, p < 0.01; R (preserved milk)
= 0.9936, p < 0.01

noitanimaxefooN
)52=n(CCD )52=n(SF

devreserpnU devreserP devreserpnU devreserP

I
)mrafehtta(

333,971
731,082± A denimaxetoN denimaxetoN denimaxetoN

II
)gnilpmasretfah1(

358,032
021,521± aA

061,642
714,553± aA

703,052
089,714± aA

314,322
441,963± aA

III
4taderots( ° )h42rofC

747,412
381,633± aA

743,032
150,373± aA

350,732
269,493± aA

061,322
643,493± aA

VI
4taderots( ° )h27rofC

743,591
534,142± aA

396,832
847,293± aA

046,452
502,914± aA

783,032
340,093± aA

V
)syad7rofnezorf(

375,141
440,191± aA

709,091
328,623± aA

701,061
711,802± aA

768,361
772,103± aA
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(10). They stated that repeatability was higher for milk
samples with SCC above 500,000/ml than for samples
with a lower number of cells. The coefficient of variation
for high SCC samples was 6.8% but it was ³ 25% for
samples with less than 500,000/ml. Our results are also
close to the conclusions of Sarikaya and Bruckmayer
(36), who stated that measuring SCC with DCC provides
reliable and precise results particularly in quarters with
a high SCC.

The authors� examinations enable them to state that
DCC is highly useful both for field veterinarians and
farmers. Veterinarians can diagnose subclinical mastitis
in the cow shed and select cows (quarters) for bacterio-
logical examinations. They can also evaluate progress in
the treatment of mastitis. It is also possible to determine
SCC in samples delivered to the clinic or laboratory.
Farmers can measure SCC both in composite cow milk
or bulk tank milk and in the milk of a cow that was
treated. However, it should be taken into account that SCC
changes in the course of lactation (7, 26), between the
a.m. and p.m. milking (32), and in milk fractions during
milking (25, 36). According to Riekering et al. (32), for
accurate interpretations of SCC tests � whether by a labo-
ratory, portable SCC device, or the CMT � veterinarians,
researchers, and udder health advisors should take milk
samples immediately before milking.

In conclusion, the DeLaval cell counter is a highly
useful portable apparatus for accurate measurements of
somatic cell count in milk from healthy and mastitic
udder quarters. DCC is especially useful for the evalua-
tion of SCC in bulk tank milk. DCC can measure the
number of somatic cells both in fresh unpreserved and
Bronopol preserved milk samples. Measurements of SCC
with DCC can be performed also in milk samples stored
at the temperature of 4°C for 24 or 72 hours as well as in
milk samples frozen to minus 20°C and stored for 7 days.
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