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Simple Summary: The primary aim of the study was to evaluate the variability in the number of
somatic cells in cisternal and alveolar milk of Polish Holstein-Friesian cows. The obtained results
showed that the SCC and the analyzed characteristics exhibited high variability caused by the
influence of various environmental and genetic factors. In reference to cisternal and alveolar milk,
inconclusive results were obtained, suggesting that the SCC levels in milk collected from different
milking phases were similar.

Abstract: The aim of the study was to evaluate the influence of the milking phase on somatic cell
count (SCC) in milk obtained from the cisternal and alveolar parts of udders of selected Polish
Holstein-Friesian cows. The study also assessed the impact of other genetic and environmental
factors on SCC variability in cisternal and alveolar milk, including: the individual cow, lactation
stage, age of cow, production level, milking speed, fat-to-protein ratio, and milking type. The research
included 15 cows of Polish Holstein-Friesian breed at different ages, lactation stages, and with varying
daily milk yield. A total of 210 milk observations were conducted, including 105 for 1 min milking
and 105 for 8 min milking. The results obtained in the study indicated that milk obtained during two
different milking phases exhibited similar SCC levels (F for LOGSCC = 0.79). The average actual
SCC in milk produced by 15 cows in 105 observations for 1 min milking was 219,000 cells/mL, while
for 8 min milking it was 229,000 cells/mL. The results were inconclusive, suggesting that SCC in
cisternal and alveolar milk must be influenced by factors other than the milking phase. The analysis
of variance conducted for this purpose provided the basis for stating a highly statistically significant
effect of the individual cow (F for LOGSCC = 147.9), lactation stage (F for LOGSCC = 54.64), age of
cow (F for LOGSCC = 12.39), daily production level (F for LOGSCC = 34.49), milking speed (F for
LOGSCC = 17.56), and fat-to-protein ratio (F for LOGSCC = 22.99) on the variability of characteristics
defining SCC in milk. In summary, SCC is characterized by high variability, influenced by a range of
environmental and genetic factors such as the individual cow, lactation stage, age of cow, milking
speed, and dietary fat-to-protein ratio. The influence of milking phase (1 min or 8 min) and milking
type (morning or evening) should be considered inconclusive based on the entire population studied.
For half of the cows, SCC in cisternal milk was higher than in alveolar milk, while for the other half,
the situation was reversed. Further observations are required to confirm the hypothesis regarding the
extent to which cows’” immunological response to bacterial infections is concentrated in the cisternal
or alveolar part of the udder under national environmental conditions.

Keywords: cows; somatic cells; cisternal and alveolar milk

1. Introduction

Since the development of technology allowing the common assessment of somatic cell
count (SCC), information on its level in cow milk has been a fundamental biomarker used
to determine cytological quality. Increasing SCC in milk indicates an ongoing inflammatory
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process within the mammary gland. This situation entails several negative consequences,
including reduced milk yield [1-6], deterioration of its technological usability [7-9], and
decreased reproductive efficiency [10-16]. For these reasons, in dairy plants both domesti-
cally and internationally, SCC is considered one of the most important criteria for assessing
milk quality in procurement and an essential element in raw milk payment systems.

Information on factors influencing SCC in cow milk over the past 15 years has been
the subject of numerous scientific and popular scientific works. Knowledge in this area
can be described as extensive, well-documented, and of great applicational and cognitive
importance. According to Guliniski [17], the use of knowledge regarding SCC in the
domestic dairy sector concerns two main entities: dairy plants (determining the quality
class and associated milk price) and breeding programs at the stage of assessing the dairy
utility of cows. Olechnowicz and Jaskowski [18] highlighted differences in the upper
limit of SCC as a law basis for recognizing milk from healthy udders in various countries
worldwide. In the European Union, this limit is 400,000 cells/mL, in Canada 500,000, and
in the USA 750,000 cells/mL of milk.

In the specialist literature, the main sources of SCC variability in cow milk, aside
from infections, are considered to be: cow age, lactation stage, production season, cattle
husbandry technologies, mechanical damage, and indirect causes [9,19]. Referring to
environmental factors affecting SCC, Gulinski [17] reported that in domestic conditions,
lower SCC was found in loose-housing systems with milking parlors and high production
levels. Olechnowicz and Jaskowski [18] identified the main sources of SCC variability in
cow milk as: cow age, lactation stage, season, farm size, sampling frequency, metabolic
or physiological “stress”, daily milk yield variability, very low or high cow condition
score (BCS), genetic differences between udder quarters and cows, and technical error in
measurement. In the study by Stocco et al. [20], the greatest sources of SCC variability in
milk were also cow age and lactation stage. The authors analyzed 15,936 milk samples
from Simmental (9275 samples) and Holstein-Friesian (12,849 samples) cows kept in herds
in northern Italy. The analysis of variance results showed that among the various factors
analyzed for SCC variability in milk, the highest and statistically significant F-test values
were for cow age (F = 583.8**) and lactation stage (F = 648.3**). The significant influence of
cow age on SCC in milk was also indicated by Tancin’s research [21], where SCC increased
with the number of completed lactations. Thus, the highest SCC was found in milk from
cows in their fourth and higher lactations (logarithm of SCC (LOGSCC) = 5.52/mL), while
in first lactation cow milk, LOGSCC was 5.22 per mL. LOGSCC in milk from cows in second
and third lactations was 5.24 and 5.30, respectively.

Some studies indicate the production season as a factor influencing SCC. In Tancin’s
study [21], SCC in milk obtained during the summer was higher compared to milk obtained
during the winter. The author reported that in June and July, as many as 18% of analyzed
cows had SCC > 1 million per mL. Conversely, Czyzak-Runowska et al. [22] presented
a different opinion. Their work showed that bulk milk produced in the autumn-winter
period averaged 427,000 somatic cells per mL, while in the spring-summer period, SCC
in milk from the same herds was 251,000 cells per mL. Jonas et al. [23] also indicated
the negative significant effect of the summer production season, cow age, and lactation
stage on SCC in milk. They analyzed 4891 milk samples from Hungarian Holstein cows.
The authors found that the highest SCC, expressed in points (LKSP), was found in milk
obtained during the summer (5.31), from the oldest cows at five lactations (5.71), and in
the last trimester of lactation (5.38). On the contrary, Malinowski [24] suggested that the
season of the year did not limit SCC in cow milk. Lambertz et al. [25] highlighted the
significant impact of microclimatic conditions in cow barns on SCC in milk. Heat stress
caused a decrease in milk yield, percentage fat and protein content, and an increase in
SCC. The results of Sadeghi-Sefidmazgi and Rayatdoost-Baghal [26] in the dry climate
conditions of Iran indicated that statistically significant factors influencing SCC were: the
type of bedding in the stall, milk yield level in lactation, herd size, teat disinfection type,
cow maintenance system, and the use of gloves in milking procedures. The highest SCC
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expressed in points (SCP) was found for cows kept in straw-bedded stalls (SCP = 4.62),
producing more than 10,000 kg of milk in lactation (SCP = 3.15), kept in herds < 100 cows
(SCP = 3.85), and in herds where gloves were not used in milking procedures (SCP = 3.95).

Bartowska et al. [27] assessed the impact of milking systems on SCC in cow milk. The
authors analyzed the importance of four milking systems: manual milking and three types
of mechanical milking—bucket, pipeline, and milking parlor—for the cytological quality
of bulk milk. The results showed that SCC per mL for the mentioned milking systems
was: 108.6, 194.1, 248.5, and 251.9 thousand cells, respectively. In summary, the authors
concluded that modern milking systems, such as milking parlors, produce raw material
with high microbiological quality but slightly worse cytological quality.

Guliniski and Zaremba [28] emphasized the importance of accurately determining
SCC in cows evaluated in Poland. These authors compared SCC in cow milk in individual
milkings during the month of lactation. The average SCC per mL in milk in the 1st, 2nd,
3rd, and 4th weeks was: 297, 326, 294, and 271 thousand cells, respectively. Analysis
of variance for LOGSCC did not show significant differences between different weeks.
The low error in assessment confirmed high correlation coefficients between SCC in the
1st, 2nd, 3rd, and 4th lactation weeks, which were: 1, 0.72, 0.80, and 0.74. Based on the
obtained results, the authors concluded that over the observed 4-week lactation period,
SCC did not change significantly. Consequently, they assessed that the 4-week interval
used in official dairy cow utility value assessment accurately reflects actual SCC across
four weekly periods. Damm et al. [29] emphasized the need for new methods to diagnose
and assess SCC in cow milk. They described the differential somatic cell count (DSCC)
as a novel method, accounting for various types of somatic cells. Using flow cytometry,
these authors determined the DSCC, the number of polymorphonuclear leukocytes (PMN),
and lymphocytes (%) in individual milk samples. The percentage of macrophages was
determined by subtracting the percentage of polymorphonuclear leukocytes (PMN), and
lymphocytes (%) from 100%. Their results indicated average percentages of lymphocytes,
macrophages, and PMN as follows: 5.09%, 33.45%, and 58.68%, respectively. DSCC values
ranged widely from 34% to 79% in samples <400,000 cells/mL. Higher DSCC values (53%
to 89%) were observed in samples containing >400,000 cells/mL [9]. Halasa et al. [30]
demonstrated that increases in SCC in milk correlated significantly with changes in the
percentage composition of lymphocytes, macrophages, and PMN. An increase in SCC
from <50, 50-100, 100200, 200-400, to >400 thousand cells/mL of milk corresponded
to a decrease in lymphocyte percentage by 26%, 14%, 12%, 11%, and 9%, respectively, a
decrease in macrophage percentage by 43%, 35%, 29%, 25%, and 24%, respectively, and an
increase in PMN percentage by 31%, 51%, 59%, 64%, and 67%, respectively. Olde Riekerink
et al. [31] noted that changes in milk SCC throughout individual milking sessions were
mainly attributed to macrophage count.

However, there is a lack of national studies focusing on an exceptionally interesting
factor: milk variability in different milking phases. Generally, milk produced between
milkings in cow udders is accumulated in the cisternal part (30%) and glandular part (70%)
of the udders [32]. Therefore, a decision was made to conduct research aimed primarily
at evaluating the influence of milking phase on somatic cell count (SCC) in milk obtained
from the cisternal and glandular parts of udders of selected Polish Holstein-Friesian cows.
An important additional objective of this study was to analyze the impact of a range of
genetic and environmental factors on SCC variability. These factors included: individual
cow characteristics, lactation period, cow age, production level, milking rate, fat-to-protein
ratio, and milking type.

2. Materials and Methods

The study analyzed the impact of selected environmental factors on SCC in milk
produced by a selected group of Polish Holstein-Friesian (PHF) cows. This breed belongs
to the group of highest-producing cattle breeds and is utilized in 128 countries world-
wide [33]. The experiment included a group of 15 cows of varying ages and lactation stages.
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The study included 3 groups of animals, which, according to official assessments, were
characterized by different levels of SCC in milk (>200, 201400, and >400 thousand/mL).
The research was conducted in one of the dairy cattle herds located in Worgule, a part of
the administrative structure of Lesna Podlaska commune, Biata Podlaska County, Lublin
Voivodeship. The herd consisted of 44 cattle. The animals were kept in a tie-stall system
on shallow bedding, and milking was performed using a pipeline milking machine. The
feeding system used was partial mixed ration (PMR), consisting of silage, corn silage, beet
pulp, and a concentrated feed mixture comprising barley-wheat-rye meal, rapeseed meal,
soybean meal, and vitamin premixes. The farm’s area was 25 hectares, with 11 hectares
of pasture and the remaining 14 hectares comprising arable land. Four hectares were
dedicated to maize cultivation for silage, and grains such as winter barley, winter rye, and
spring oats were cultivated on the remaining 10 hectares.

The evaluation of SCC in cow milk was conducted using the DeLaval DCC somatic
cell counter. The device operates by counting nuclei of somatic cells stained with a spe-
cific propidium iodide reagent. The fluorescence generated was detected using digital
imaging, which was then converted using software to count somatic cells. Disposable
cassettes were used for the analysis, and SCC was analyzed in less than 1 min. Measure-
ment error of the counter ranged from 7% (for SCC > 1 million cells/mL) to 12% (for
SCC < 100,000 cells/mL).

The main objective of the study was to evaluate SCC in milk obtained during different
milking phases. For this purpose, milkometers allowing the collection of individual milk
samples from any milking phase were used in the milk sampling procedure. Bentley
milkometers were employed in the research.

The study was conducted in two stages. In the first stage, conducted between Decem-
ber 2023 and January 2024, the SCC in 1 mL of milk from 15 cows of varying ages and
lactation stages was evaluated. Milk samples for evaluation were collected from each cow
at two milking phases: 1st and 8th minute during both morning and evening milkings.
Milk yield (kg) was also measured at 1st and 8th minute of milking. The duration of each
milking session (min.) was recorded. Milk samples from each cow were collected over
7 selected days of the production cycle, ensuring continuity of this period. In total, 210 milk
samples were collected (15 x 7 x 2). Milk samples were collected twice a day, at 6 a.m. and
6 p.m.

In the second stage, using breeding documentation and record books, the milk pro-
duction utility of cows was classified, environmental factors were evaluated, and statistical
calculations were performed. The influence of various factors on the variability of SCC in
milk was analyzed for individual cows, lactation periods, age groups of animals, designated
production groups, cows with different milking rates, animals characterized by a specific
fat-to-protein ratio (FPR), and somatic cell count (SCC) in 1 mL of milk. Four lactation
periods were distinguished, covering the following days: <100, 101-200, 201-300, and
>300. Three age groups of cows included animals aged 2 years, 3—4 years, and 5-7 years,
respectively. Three daily milk yield levels were considered: <23 kg, 23-30 kg, and >30 kg.
Three groups of animals with different milking speed (MS) per minute were identified:
<1.5 kg, 1.51-2 kg, and >2 kg. Additionally, based on the fat-to-protein ratio (FPR) in milk,
the analyzed cow population was classified into three groups: <1.1, 1.1-1.4, and >1.4. Based
on the somatic cell count (SCC), animals were grouped into categories: milk containing
<200, 200400, and >400 thousand cells per 1 mL of milk. Since the actual SCC did not meet
normal distribution conditions, logarithmic transformation (LOGSCC) was applied in the
study. SCC in milk was multiplied by daily milk yield (kg) and transformed into a 10-point
logarithmic scale (1-10) (SLSCC). The following modeling approach was used:

SLSCC =1og10 (daily milk yield x SCC x 1000) (1)

The calculated SLSCC feature allowed for the identification of actual increases or
decreases in cell count depending on daily milk yield. For characterizing SCC, the actual
SCC was also transformed into a point scale SCS (somatic cell score—SCS). Actual SCC was
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converted to SCS using the following calculation formula (International Dairy Federation
(IDF) [34], Polish Federation of Cattle Breeders and Milk Producers [35]):

SCS = log2 (SCC/100,000) + 3 )
Milk yield in liters after the first and eighth minute of milking was converted to

kilograms by multiplying the yield in liters by the specific gravity of milk, 1.028 kg/L.
In statistical calculations, the following linear model was employed:

y ijk = u + Ai + Bj +(AB)jj + eijk 3)
where:
y ijk—somatic cell count;
pu—mean;

Ai—mixed effect of cow (i = 1...15) or lactation period (i=1...4) orcow age i=1, 2,
3) or daily milk yield (i =1, 2, 3) or SCC range (i = 1, 2, 3) or milking speed (i=1, 2, 3) or
milking type (i = 1, 2) or fat-to-protein ratio (i =1, 2, 3);

Bj—mixed effect of milking phase (j = 1, 2);

ABij—interaction of milking minute x cow effect or lactation period or cow age or
daily milk yield or SCC range or milking rate or milking type or fat-to-protein ratio;

eijk—random error.

Results were subjected to statistical analysis using two-way analysis of variance with
the least squares method. Significance of differences between means was assessed using
Duncan’s test at p < 0.01 level. SAS statistical package procedures FREQ and GLM [36]
were used for calculations.

3. Results
3.1. Population Size and Milk Yield

Table 1 presents data on the distribution of the number of cows used in the experiment.
A total of 210 milk observations were conducted, including 105 for the 1 min milking
and 105 for the 8 min milking. The study involved 15 cows of varying ages and lactation
periods, characterized by different daily milk yields. The highest percentage was attributed
to cows in the first trimester of lactation (38.1%), aged 3—4 years (53.3%), and with a daily
milk yield exceeding 30 kg (42.9%). Within the other designated factors such as SCC class
contribution in milk, milk let-down speed, and FPR, the highest proportion of milk samples
analyzed concerned animals with the lowest SCC (<200 thousand/mL), milk let-down
speeds between 1.51 to 2 kg/min, and optimal FPR size in milk of 1.1 to 1.4. The percentage
distribution of cows in these subcategories of factors was respectively: 73.3, 42.9, and 53.3%.

The average milk yield per single milking for cows at 1 and 8 min of milking was 3 kg
and 14.2 kg respectively (Table 1). Individual cows showed significant variation in this
characteristic. Cow number 1 exhibited the highest yield after 1 min of milking (4.9 kg),
while cow number 7 had the lowest (1.6 kg). Similar high variation was observed in milk
yield after 8 min of milking. The highest milk yield was found in cow number 15 (17.9 kg)
and the lowest in cow number 6 (10.3 kg). Milk yields for the remaining cows ranged
between these extreme values.

Evaluation of milk yield within the remaining factors indicated that animals in the first
trimester of lactation, aged 5-7 years, with the lowest SCC in milk (<200 thousand /mL),
the highest milk let-down speed (>2 kg/min), and the highest FPR size in milk (>1.4)
demonstrated the highest values of this indicator. Specifically, for 1 min of milking: 3.8, 3.4,
3.6,3.2,3.9, and 3.9 kg; for 8 min: 17.2, 16.6, 17.2, 15.0, 18.2, and 15.9 kg. The study showed
that milk yields after 1 and 8 min in morning and evening milkings exhibited similar and
statistically nonsignificant values. Morning milk yields after 1 and 8 min differed compared
to evening milk yields (3.1 vs. 2.9 and 14.7 vs. 13.8), but statistical analysis did not confirm
the significance of these differences at p < 0.05.
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Table 1. The influence of the analyzed factors on the actual milk yield in a single milking (kg).

Milking Phase
First Minute Eighth Minute
Factor ObservaNti(();/:) )Number Mill;/[Yiile(lii;n(kSgiilgle Observ;;i(()s/:) )Number Milll(v[Yiile(lii;r:kSgi;lgle
LSM (£SD) LSM (£SD)
Cow (nr)
1-15 15 x 7 (6.7) 494 (4+0.2) 15 x 7 (6.7) 16.7 B (+1.1)
Lactation period/days/
<100 40 (38.1) 3.8 (+0.8) 40 (38.1) 17.2 B (1.6)
101-200 23 (21.9) 254 (£0.5) 23 (21.9) 14.2 B (£1.4)
201-300 14 (13.3) 2.7 4 (£0.2) 14 (13.3) 11.9 B (£0.8)
>300 28 (26.7) 254 (£0.5) 28 (26.7) 11.1 B (£1.2)
Age of cows/years/
<2 14 (13.3) 344 (£1.6) 14 (13.3) 14.7 B (£2.2)
34 56 (53.3) 2.7 A (£0.8) 56 (53.3) 12.6 B (£2.3)
5-7 35 (33.3) 344 (+0.5) 35 (33.3) 16.6 B (4:2.4)
Daily milk yield /kg/
<23 30 (28.6) 254 (+0.5) 30 (28.6) 10.8 B (:0.7)
24-30 30 (28.6) 2.6 A (£0.6) 30 (28.6) 13.2 B (+0.8)
>30 45 (42.9) 3.6 4 (+0.9) 45 (42.9) 17.2 B (+1.4)
Somatic cell count/thous/1 mL/
<200 77 (73.3) 324 (+0.9) 77 (73.3) 15.0 B (4:2.8)
201-400 14 (13.3) 294 (£0.2) 14 (13.3) 11.6 B (£1.4)
>400 14 (13.3) 2.14 (£0.4) 14 (13.3) 12.2 B (£1.8)
Milking speed (kg/min.)
<15 35 (33.3) 254 (4+0.5) 35 (33.3) 10.9 B (+0.9)
1.51-2 45 (42.9) 294 (4£0.9) 45 (42.9) 14.5 B (£1.3)
>2 25 (23.8) 3.9 4 (£0.7) 25 (23.8) 182 B (£1.3)
Fat/protein ratio in milk
<1.1 14 (13.3) 2.7 4 (£0.1) 14 (13.3) 12.6 B (£0.6)
1.11-1.4 56 (53.3) 254 (+0.6) 56 (53.3) 13.5B (£3.1)
>1.4 35 (33.3) 3.9 A (£0.9) 35 (33.3) 15.9 B (£2.5)
Milking type
morning 45 (42.9) 3.1 4 (£0.9) 45 (42.9) 14.7 B (£3.1)
evening 60 (57.1) 294 (4£0.9) 60 (57.1) 13.8 B (£2.8)
Total 105 (100) 3.04 (£0.9) 105 (100) 14.2 B (£2.9)

Means in rows marked with different letters differ significantly at p < 0.05.

3.2. Analysis of Variance Results for Somatic Cell Counts
The primary goal of the study was to assess the impact of various environmental and
genetic factors on the variability of actual SCC, LOGSCC, SLSCC, and SCP. The results pre-

sented in Table 2 provided the basis for confirming the hypothesis of a highly statistically sig-
nificant effect of the cow (F for LOGSCC = 147.9), lactation period (F for LOGSCC = 54.64),
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cow age (F for LOGSCC = 12.39), daily yield level (F for LOGSCC = 34.49), milk let-down
speed (F for LOGSCC = 17.56), and fat-to-protein ratio (F for LOGSCC = 22.99) on the
characteristics of somatic cell counts in milk in the population of cows studied. These char-
acteristics obtained high F-test values, indicating a strong influence of individual factors
and their subclasses on the somatic cell counts and three additional characteristics assessed
in the study.

Table 2. Results of variance analysis for SCC, SLSCC, and SCP (F-test values) for the factors of
variability determined in the methodology of the work.

Characteristics for the Number of Somatic Cells

Effect LOGSCC SLSCC SCp
F-Test Value
Cow (nr) 147.9 ** 128.42 ** 147.9 **
Lactation period (days) 54.64 ** 4321 ** 54.64 **
Age of cows (years) 12.39 ** 8.06 ** 12.39 **
Daily milk yield (kg) 34.49 ** 21.21** 34.49 **
Somatic cell counts class 271.67 ** 232.67 ** 271.67 **
Milking speed 17.56 ** 9.98 ** 17.56 **
Fat/protein ratio 22.99 ** 15.40 ** 2299 *
Milking type 0.21 0.07 0.21
Milking minute 0.79 564.85 ** 0.79
Milking minute X cow 1.51 1.60 1.51
Milking minute X lactation period 0.56 0.76 0.56
Milking minute x age of cow 0.07 0.15 0.07
Milking minute x daily milk yield 0.08 0.08 0.08
Milking minute x SCC class 0.38 0.91 0.38
Milking minute x milking speed 0.14 0.03 0.14
Milking minute X fat/protein ratio 0.14 0.37 0.14
Milking minute x milking type 0.04 0.02 0.04

*—the effect of the factor is statistically significant at p < 0.05. **—the effect of the factor is highly statistically
significant at p < 0.01.

The F-test results indicated that the highest variability in somatic cell counts (F for
LOGSCC = 271.67) was observed in milk from cows belonging to three classes of differenti-
ated SCC per 1 mL. This result should be considered obvious and derived from the nature
of SCC variation in milk depending on the intensity of udder inflammatory states in cows.

One of the primary goals of the study and the experiment conducted was to investigate
whether milk obtained from different phases of milking, i.e., alveolar milk and cisternal
milk, exhibited similar SCC levels. As indicated in the methodology, milk samples from
each cow were collected twice during each milking, i.e., after 1 and after 8 min of milk-
ing. Based on the data in Table 2, it should be noted that in the studied population of
cows, milk obtained in two different milking phases exhibited similar SCC levels (F for
LOGSCC = 0.79). Similarly, the F-test values for the interaction of milking phase with all
analyzed factors did not prove statistically significant sources of variability.

3.3. Evaluation of the Influence of Other Analyzed Factors on SCC

The main objective of the study was to verify the null hypothesis assuming differences
in SCC in milk obtained in the initial and final phases of milking, i.e., from the cisternal and
alveolar parts of cows’ udders. Therefore, detailed data on the variability of SCC and the
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influence of the factors specified in the methodology on SCC and its other characteristics
are presented in Tables 3 and 4. The results obtained showed that the actual SCC in milk
produced by 15 cows in 105 observations after 1 min of milking was 219 thousand /mL
and after 8 min it was 229 thousand/mL. Both cisternal and alveolar milk from individual
cows were characterized by high variability in SCC per 1 mL (Table 3). For cisternal milk,
the coefficient of variation for SCC ranged from 16 to 67%, and for alveolar milk from
17 to 67%. The analysis of the actual variance of SCC after logarithmic transformation
(LOGSCC) showed that in the entire population, the difference in SCC in milk obtained after
1 (LOGSCC = 4.3) and 8 min (LOGSCC = 4.3) of milking was not statistically significant
atp <0.05. Likewise, the difference in average values of SCP (2.6 vs. 2.5) in cisternal and
alveolar milk was not statistically significant at p < 0.05. Data analysis in Table 4 showed
that the actual SCC in milk after 1 min compared to 8 min of milking was higher in seven
cows (cows 1, 3,4,5,9, 10, 11, and 12), lower in seven cows (cows 2, 6,7, 8,12, 13, 14, and
15), and the same in one cow (cow 4). The analysis of variance confirmed the significance
of differences in SCC after logarithmic transformation (LOGSCC) between cisternal and
alveolar milk in the case of the first group of cows (those with higher SCC in cisternal milk):
cows 4, 5, 8, 11, and in the case of the second group of cows (those with lower SCC in
cisternal milk): cows 2, 6, 8, 15.

Table 3. Variability of the actual number of somatic cells in cisternal and alveolar milk of individual
cows included in the experiment.

Otlj\]ssrn:,;tei:n Actual Somatic Cell Counts Observation Actual Somatic Cell Counts
Cow nr n Average Min/Max V (%) Number Average Min/Max V (%)
Cisternal Milk Alveolar Milk
1 7 85 25/163 67 7 76 32/160 67
2 7 69 39/88 25 7 90 53/112 28
3 7 38 14/65 52 7 20 9/28 39
4 7 13 7/19 31 7 13 4/16 36
5 7 76 13/120 55 7 49 27/73 45
6 7 77 48/97 23 7 82 58/97 17
7 7 848 590/1016 21 7 869 525/1028 25
8 7 333 220/539 34 7 431 301/609 28
9 7 39 28/61 32 7 21 17/29 21
10 7 37 13/71 57 7 28 17/43 36
11 7 53 37/63 16 7 33 22/39 19
12 7 891 377/1443 43 7 864 334/1401 48
13 7 53 34/64 23 7 57 44/65 16
14 7 666 225/824 33 7 792 362/1152 32
15 7 7 1/10 54 7 9 6/18 51
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Table 4. The impact of the milking phase and other factors on the somatic cell count (SCC), the decimal logarithm of their actual number (LOGSCC), the somatic cell
count expressed on a logarithmic scale (SLSCC), and the somatic cell count expressed on a score scale (SCP) per 1 mL of milk.

Milking Phase Complete Milking
First Minute Eighth Minute
ol oy LOGSCC SLSCC SCP/pts./ oy LOGSCC SLSCC li(fsl.’/ oy LOGSCC SLSCC /ffsl_’/
LSM (+SD) LSM (+SD) LSM (+SD)
Cow/nr/
1 85 A (£57) 424 (£0.8) 5.5 4 (£0.3) 244 (£1.2) 76 A (£51) 424 (40.6) 6.0 4 (£0.3) 244 (+£0.9) 814 (£52) 42%4(£07) 5834 (x04) 24%*(£1.0)
2 69 A (£17) 424 (£0.3) 554 (£0.1) 244 (+0.4) 91 A (£26) 458 (+0.3) 6.1 B (0.1) 2.8 B (+0.5) 804 (424) 433 (+0.3) 5.83 (+0.4) 2.63 (+0.5)
3 39 A (£8) 3.5 4 (40.6) 494 (£0.2) 1.4 4 (£0.9) 218+ (1) 2.9B(£0.5) 5.3 4 (40.2) 0.6 B (£0.7) 304 (£17) 327 (40.6) 5.18 (£0.3) 1.07 (£0.9)
4 13 A (44) 2.5 4 (4+0.3) 464 (£0.2) 0.14 (£0.5) 13 A (£5) 254 (+0.5) 5.3 8 (£0.2) —0.14 (£0.7) 134 (+4) 2.58 (£0.4) 499 (4+0.4) —0.18 (£0.6)
5 76 A (£42) 414 (£0.9) 5.04 (£0.4) A (£1.3) 49 B (+22) 3.8 B (+0.5) 5.8 B (+0.2) B (£0.7) 624 (£35) 3945 (+0.7) 5.4 6 (£0.5) 2,045 (£1.0)
6 77 A (£18) 434 (£0.3) 534 (£0.1) 2.64 (£0.4) 82 A (£14) 444 (£0.2) 598 (£0.1) 2.7 A (£0.3) 80 4 (£15) 443 (40.2) 5.6° (4+0.3) 2.63 (£0.3)
7 849 A (£175) 6.7 4 (£0.2) 6.14 (£0.1) 6.14 (£0.3) 870 A (+224) 6.7 4 (£0.3) 6.9 B (+0.1) 6.14 (£0.4) 859 1 (£194) 6.7 1 (£0.3) 1(40.4) 6.11 (£0.4)
8 3344 (£112) 5.8 A (£0.3) 594 (£0.1) 478+ (0.4) 4314 (£123) 6.1 B (+0.3) 6.6 B (£0.1) 5.1B (£0.4) 3823 (£124) 5.92 (4+0.3) 6.32 (+0.4) 492 (40.5)
9 39 A (£12) 3.6 4 (£0.3) 5.04 (£0.1) 1.6 A (0.4) 22 B (+4) 3.1B(+0.2) 548 (+0.1) B (£0.3) 304 (£12) 337 (£0.4) 5278 (4+0.2) 1.27 (0.6)
10 37 A (£21) 3.54 (£0.6) 5.04 (£0.3) 1.4 4 (£0.8) 29 A (£10) 334 (£0.4) 5.7 8 (£0.1) 1.1 4 (£0.5) 334 (£16) 3.47 (4+0.5) 537 (+0.4) 1.27 (£0.7)
11 53 A (48) 3.9 4 (£0.2) 5.14 (£0.1) 2.14 (£0.5) 33 B (+6) 358 (+0.2) 5.7 B (0.1) B (£0.2) 434 (£12) 3.7 56 (+0.3) 5.4 6 (£0.3) 1.7 56 (£0.4)
12 891 A (£383) 6.7 A (£0.5) 6.34 (£0.2) 6.04 (£0.7) 865 A (£419) 6.6 A (£0.6) 6.94 (£0.2) 5.9 4 (£0.9) 878 1 (£385) 6.7 1 (£0.5) 6.7 1 (£0.4) 591 (40.8)
13 53 A (£11) 3.9 4 (£0.2) A (£0.1) A (40.3) 57 A (49) 4.04 (£0.2) 6.0 B (+0.1) A (40.2) 554 (£10) 39345(£02) 56%5(+04) 213%5(40.3)
14 666 A (£218) 6.4 4 (£0.5) 624 (£0.2) 564 (+0.7) 793 A (£254) 6.6 A (£0.4) 7.0 (+0.1) 5.9 A (£0.5) 729 2 (4237) 6.51 (0.4) 6.6 1 (0.5) 5.81(40.6)
15 74 (+3) 1.7 A (£0.9) 434 (£04) —1.34(£12) 9 A (£5) 218 (+0.4) 528 (+0.2) —0.6 B (£0.6) 84 (+4) 1.99 (+0.7) 4.8° (£0.5) —0.9? (+0.9)
Lactation period/ days /
<100 513 (436) 3.63 (£1.1) 2 (£0.5) 1.53 (£1.5) 49 3 (£37) 2 (£0.9) 2 (£0.4) 1.53 (£1.3) 503 (£36) 3.6% (£3.6) 2 (£0.5) 1.53 (+1.4)
101-200 2342 (+315) 432 (4+1.7) 5.32(+0.7) 262 (£2.4) 263 2 (4+382) 4272 (4+1.8) 592 (40.7) 252 (£2.5) 248 2 (4:346) 432 (£1.7) 5.62 (40.8) 252 (4+2.4)
201-300 393 (1£6) 3.6 3 (£0.5) 493 (£0.2) 1.53 (+0.7) 213 (£6.3) 3.03 (£0.4) 5.43 (£0.2) 0.7 3 (£0.5) 303 (£15) 3.33 (£0.5) 523 (£0.3) 1.13 (£0.7)
>300 5371 (+406) 591 (£1.1) 591 (40.4) 481 (£1.5) 562 1 (+407) 591 (£1.0) 6.61 (£0.5) 494 (£1.5) 549 1 (4+403) 591 (£1.1) 6.31 (£0.6) 491 (£1.5)
Age of cow/years/
2 812 (+48) 2 (£0.8) 5312 (0+.4) 232 (£1.2) 632 (+40) 3.92 (£0.6) 591 (£0.3) 212 (£0.8) 723 (4:44) 412 (£0.7) 5.6 2 (£0.5) 222 (£1.0)
3-4 266 1 (+320) 481 (£1.3) 551 (£0.5) 331 (£1.8) 293 1 (4+359) 471 (£1.5) 6.11 (£0.6) 321 (£2.2) 279 1 (£339) 481 (£1.4) 581 (x0.7) 321 (£2.0)
5-7 20012 (£386)  3.72(£1.8) 5.12 (£0.7) 1.62(+2.6) 19512 (+383)  3.72(£17) 581 (0.7) 172 (+24) 19712 (£382)  3.72(£17) 5.52 (£0.8) 1.7 2 (£2.5)
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Table 4. Cont.

Milking Phase Complete Milking
First Minute Eighth Minute
Tl oy LOGSCC SLSCC SCP/pts./ oy LOGSCC SLSCC /ist.’/ oy LOGSCC SLSCC /ist.’/
LSM (+SD) LSM (+SD) LSM (+SD)
Daily milk yield /kg/
<23 3051 (+340) 491 (£1.4) 551 (40.5) 351 (+1.9) 3291 (£361) 491 (£1.5) 621 (+0.7) 341 (4+22) 3171 (£348) 491 (£1.4) 5.81(40.6) 351 (+2.1)
23.1-30 3931 (+425) 511 (£1.5) 5.6 (40.6) 371 (£22) 409! (4+458) 49! (41.8) 6.3 (£0.8) 351 (425)  401'(4438) 50! (+1.6) 591 (40.8) 361 (+24)
>30 462 (£36) 342 (£1.1) 502 (+0.5) 1.32 (+1.5) 432 (+£34) 3.42(£0.9) 571 (+0.4) 1.32(+1.2) 442 (£35) 3.42(40.9) 5.42 (+0.5) 1.32 (£1.4)
Somatic cell count class/thous./1 mL/
<200 493 (£34) 3.62 (£0.9) 5172 (£0.4) 151 (£1.3) 443 (£33) 3.52 (£0.8) 571 (£0.4) 142 (£1.2) 463 (£33) 3.52(40.9) 5.4 2 (40.5) 1.52 (£1.3)
201-400 6122 (+395) 6.21 (40.6) 6.21(+0.2) 5.31(40.9) 647 2 (£372) 6.31 (40.5) 6.81 (40.3) 5.51(40.8) 6302 (£377) 6.31 (40.6) 6.51 (0.4) 5.41(40.8)
>400 757 1 (£212) 6.6 1 (£0.4) 6.21(+0.2) 5.81 (40.6) 8311 (4233)  6.71(40.3) 6.9 1 (£0.1) 6.01 (40.5) 7941 (4222) 6.6 (+0.4) 6.6 1 (£0.4) 591 (40.5)
Milking speed/kg/min./
<15 2651 (+329) 471 (£1.4) 5.41(x0.6) 321 (2.0 286 1 (£350) 471 (£1.6) 6.11 (£0.7) 311 (+2.2) 2751 (£337) 471 (£1.5) 5.81(x0.7) 311 (+2.1)
1.51-2 2811 (+380) 471 (£1.5) 551 (40.6) 3171 (+2.1) 289 1 (£410) 451 (£1.6) 6.11 (£0.7) 291 (42.3) 285 1 (£393) 461 (£1.5) 5.81(40.7) 291 (+22)
>2 431 (£41) 322 (£1.2) 492 (40.5) 1.02 (£1.8) 432 (£39) 3.32(£1.0) 5.72 (+0.4) 1.2 1 (£1.5) 432 (440) 332 (£1.1) 5.32 (0.6) 1.12 (£1.6)
Fat/protein ratio
<11 4651 (+512) 521 (£1.6) 571 (£0.7) 381 (£2.4) 4431 (+522) 491 (£1.9) 621 (£0.8) 341 (£2.7) 4541 (£507) 501 (£1.8) 591 (x0.8) 3.61(£2.5)
1.1-1.4 2652 (+321) 472 (+1.4) 541 (+0.6) 3272 (£2.1) 291 2 (+360) 472 (£1.5) 6.21 (40.6) 311 (£2.2) 278 2 (£339) 471 (£1.5) 5.81(40.7) 321 (£2.1)
>14 473 (£39) 343 (£1.1) 5.12 (40.5) 1.33 (£1.6) 453 (+41) 3.43 (£1.0) 5.72 (0.4) 132 (£1.4) 463 (440) 3.42(£1.1) 5.42 (0.6) 1.32 (£1.5)
Milking type

morning 217 1 (+341) 431 (£1.5) 531 (x0.6) 261 (£2.1) 2161 (£339) 421 (£1.5) 591 (x0.6) 241 (£2.2) 2171 (£338) 431 (£1.5) 5.61(0.7) 251 (£2.2)
evening 2211 (+319) 441 (£1.5) 531 (x0.6) 2.71(£2.2) 239 1 (£361) 431 (£1.6) 6.01 (40.6) 261 (+2.2) 230 1 (£339) 441 (£1.5) 5.61(0.7) 261 (£2.2)
Average 2194 (£327) 434 (£15)  534(L£06) 264 (£21) 2294 (£350) 434 (£1.5) 598 (+06) 254 (£22) 224 (£338) 4.3 (£1.5) 5.6 (£0.7) 25(+22)

Means in rows within somatic cell characteristics denoted with different letters differ significantly at p < 0.05. Means in columns denoted with different numbers within factors differ
significantly at p < 0.05.
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The results presented in Table 2 must be considered ambiguous and allow for the
conclusion that SCC in cisternal and alveolar milk must be determined via factors other
than milking phase. Therefore, data on the influence of lactation period, cow age, milk
yield, udder health status (SCC classes), milk let-down speed, fat-to-protein ratio, and
milking type (morning or evening) on somatic cell counts in cisternal and alveolar milk
of the studied cow population are presented in Table 4. These data indicate that factors
such as lactation period, cow age, milk yield, udder health status, milk let-down speed,
and the level of energy-protein balance in feed doses (FPR) significantly and statistically
differentiated SCC in cisternal and alveolar milk obtained from the studied cow population.
The highest SCC per 1 mL was found in milk from cows in the last period of lactation
(SCC = 549 thousand), aged 3—4 years (SCC = 279 thousand), producing 23.1-30 kg of milk
per day (401 thousand), with milking speeds between 1.51-2 kg (SCC = 285 thousand),
FPR < 1.1 (SCC = 454 thousand). The lowest SCC was noted in milk from cows in the third
trimester of lactation (SCC = 30 thousand), aged 2 years (SCC = 72 thousand), producing
over 30 kg of milk per day (44 thousand), with milking speeds exceeding 2 kg (SCC = 43
thousand), and FPR > 1.4 (SCC = 46). SCC values for the remaining subclasses of individual
factors were intermediate relative to the above boundary values. As already noted in
Section 3.2, the analysis of variance confirmed the significance of differences in SCC for
the distinguished subclasses of main factors, such as lactation period, cow age, production
level, SCC, and FPR at p < 0.05. For the results of the study, particular importance was
attributed to the assessment of the impact of these factors on SCC in cisternal milk (obtained
after 1 min of milking) and in alveolar milk (obtained after 8 min of milking). The data in
Table 4 showed that the nature of interaction of the main factors determined in the work
methodology on SCC variability at 1 and 8 min of milking was identical to that described
above for full milking milk. Separate commentary is required for the data concerning
changes in SCC depending on the health status of cow udders, determined by SCC class.
The demonstrated increase in SCC in milk at 1 and 8 min of milking with deteriorating
udder health status (increase in SCC class) should be considered obvious and resulting
from the adopted principles of assessing the interdependence between SCC and udder
health status in cows. Of greater interest for the study results is to evaluate the observed
lack of statistically significant differences in SCC in milk at 1 and 8 min of milking in cows
with varied udder health status. The conducted research showed that SCC in foremilk
and hindmilk within individual classes of its quality formed at a similar level. This result
indicates that in the studied population of cows, the health status of cows differentially
affected the animals” immune response in a statistically significant manner, but to the
same extent in both cisternal and alveolar milk. The results regarding the effect of milking
speed (MS) on SCC in the evaluated population of cows should also be noted. The results
presented in Table 4 showed that in the authors” own research, with an increase in MS,
SCC decreased, both in cisternal and alveolar milk. The lowest SCC characterized the milk
of cows with MS > 2 kg (SCC = 43 thousand), while in the milk of peers with the lowest
MS < 1.5 kg, the average SCC was 275 thousand.

4. Discussion

Discussion of the obtained results is complicated due to the small number of scientific
papers directly related to the issues discussed in the work Results similar to those obtained
in autors own work were described by Selveread et al. [37]. These authors studied SCC in
cisternal and alveolar milk in seven cows of the Norwegian Red breed.The results obtained
showed that most cows had higher SCC in alveolar milk (four pieces). The aim of the
research conducted by Sarikaya et al. [38] was to assess the level of immune response in
different quarters of dairy cows. For this purpose, the authors analyzed the composition
and structure of the leukocyte population in milk obtained at different milking phases.
The assessment covered nine dairy cows from which milk was collected separately from
each quarter, assuming that SCC could not exceed 125 thousand /1 mL. The milk collected,
depending on the milking phase, was divided into: cisternal milk (C), alveolar milk 0-25%,
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25-50%, 50-75%, 75-100% (respectively A25; A50; A75; A100) and residual milk (R). Each
batch of milk was analyzed for major chemical components, SCC, and the proportion and
structure of leukocyte populations. The results of the study showed that fat content steadily
increased during milking and reached its highest values in R milk. Protein and lactose
increased from C to A25, decreased from A25 to A100, and reached a minimum in R. Levels
of Na and Cl ions decreased from C to A25, then increased from A50 to R. SCC in cisternal
milk reached a high level, then in alveolar milk its level decreased, reaching a minimum in
A25 alveolar milk. The highest SCC was found in residual milk (R). The structure of the
somatic cell population in different milk batches was characterized by an inverse trend in
the case of macrophages (M) and polymorphonuclear neutrophils (PMN). The proportion
of M was highest in cisternal milk (C), while the proportion of PMN increased regularly
in individual milk batches, reaching its maximum in residual milk (R). The proportion of
lymphocytes (L) changed similarly to PMN in milk C, A25, A50, A75, and R. However,
the highest proportion of L was found in alveolar milk from the last phase A100. The
proportions of L, PMN, and M were 9.3%, 38.2%, and 52.3% in cisternal (C), 10.9%, 64%,
and 25.1% in A25-A100 in alveolar milk, and 10.2%, 64.9%, and 24.8% in residual milk (R).
The study found that in healthy quarters, M were the dominant type of somatic cells in
foremilk (C). They are located near the streak canal, the main entry point for pathogens.
They constitute the first immunological barrier to attacking pathogens. In contrast, in
alveolar, the dominant fraction of somatic cells was PMN. Since each fraction of somatic
cells had a higher percentage share in cisternal than in early phases of alveolar milk, the
work summary concluded that this fact indicates the key role of immunological defense in
the milk sinuses of cow udders.

Sarikaya et al. [39] in their study investigated the influence of SCC and milk obtained
at different phases of milking on its composition, somatic cell population distribution,
and mRNA expression related to varying levels of mammary gland inflammation in cows.
Three types of milk samples were distinguished as follows: cisternal milk (C), first 400 g of
alveolar milk (A1), and remaining alveolar milk (A2). Based on SCC, milk samples were
categorized into four groups: <12 x 10%/mL, 12 to 100 x 103/mL, 100 to 350 x 103/mL,
and >350 x 10%/mL. The following milk characteristics were analyzed: SCC, fat, protein,
lactose, sodium, potassium, and electrical conductivity. Somatic cell populations were
classified as lymphocytes (L), macrophages (M), and neutrophils (PMN). The SCC decreased
from the highest level in C to the lowest in Al, then increased in A2 across all groups.
Lactose decreased with increasing SCC but remained unchanged during milking. Sodium
and chloride concentrations, as well as electrical conductivity, increased with SCC levels,
being higher in C compared to Al and A2. Milk fraction and SCC had no impact on
protein content. Milk fraction and SCC significantly influenced leukocyte distribution;
lymphocytes predominated in Group 1, with lower percentages in Groups 2, 3, and 4.
Macrophages were most prevalent in Group 2, decreasing in Groups 3 and 4, while PMN
increased from Group 2 to 4. During milking, macrophage proportions decreased across
all groups, whereas PMN proportions increased. The authors found that milk batch did
not affect lymphocyte proportions. mRNA expression in all inflammatory states increased
with SCC levels. In summary, the authors concluded that milking phase, associated milk
batch, and SCC class significantly influenced the structure and proportions of leukocyte
types. They noted the surprising high lymphocyte content and low inflammatory mRNA
expression in milk with SCC < 12 x 103/mL, suggesting a potentially altered and decreased
immune response readiness to pathogen attack.

Tancin et al. [40] evaluated the relationship between milking parameters and SCC in
milk from 22 Holstein cows. SCC was assessed in morning milkings. Parameters related to
milking speed (milking onset delay, duration of decline phase, and duration of extension
phase) for individual quarters and the entire udder were evaluated daily. Results indicated
that both quarter and total milk yield decline was associated with increased milk SCC.
Milking characteristics such as lower peak yield and longer milking extension phase were
observed in quarters with high SCC (>500,000 cells/mL) compared to those with low
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SCC (<200,000 cells/mL). The duration of the decline phase for each quarter affected all
measured parameters except the duration of the growth phase. Quarters with longer decline
phases (> or =80 s) showed higher SCC and peak milk yield during milking. These findings
are consistent with the authors’ own results, where an increase in SCC was accompanied
by a decline in milking speed, indicating an improvement in udder health. Similar results
were obtained by Miji¢ et al. [41]. Their study aimed to examine the relationship between
milking speed and SCC in milk from healthy Holstein cows. Research on 220 Holstein-
Friesian cows showed that a minimal SCC level expressed in points (MS = 2.78 to 3.81)
occurred in cows producing maximum milk release speed, defined in cited studies as 2.7
to 4.5 kg/min. The authors attributed this correlation to the width of the teat canal and
the strength of the teat sphincter, which prevent invasion by pathogenic microorganisms
into the udder. The correlation coefficient between MS and maximum milk flow in the
first and second lactations was positive (r = 0.06 and 0.14), while in the third lactation,
it was statistically significant but negative (r = —0.07*). The highest positive correlation,
statistically significant, was found between the average milking speed and MS in the first
lactation group (r = 0.40**). In another study by Miji¢ et al. [42], it was found that SCC in
Holstein cow milk (MS = 3.03) was lowest when the length of the milk influence phase
increased from 0.3 to 0.6 min, whereas in Simmental cows (MS = 2.96), it was from 0.6 to
0.9 min. Prolongation of the plateau phase (dPP) had a beneficial effect on udder health in
both breeds (MS = 2.46 and 2.50).

5. Conclusions

The obtained results allowed to conclude that generally, within the studied popu-
lation of cows, milk obtained in two different milking phases showed similar levels of
SCC (F-test for LOGSCC = 0.79). The average actual SCC in milk produced by 15 cows
in 105 observations at 1 min of milking was 219 thousand/mL, and at 8 min it was
229 thousand/mL. Detailed evaluation of data regarding SCC in cisternal milk and alveolar
milk of individual cows revealed that the actual SCC at 1 min compared to 8 min of milking
was higher in seven cows (cows no. 1, 3,4, 5,9, 10, 11, and 12), lower in seven cows (cows
no. 2, 6,7,8,12,13, 14, and 15), and the same in one cow (cow no. 4). Analysis of variance
confirmed the significance of differences in SCC after logarithmic transformation (LOGSCC)
between cisternal and alveolar milk in Group I cows (having higher SCC in cisternal milk)
for cows no. 4, 5, 8, and 11, and in Group II cows (having lower SCC in alveolar milk) for
cows no. 2, 6, 8, and 15. The results obtained must be considered ambiguous and suggest
that SCC in cisternal and alveolar milk must be influenced by factors other than milking
phase. Therefore, the study evaluated the impact of various genetic and environmental
factors on SCC and other characteristics in milk. The results of the analysis of variance pro-
vided evidence of highly statistically significant effects of individual cow, lactation period,
age of animal, daily milk yield, milking rate, and fat-to-protein ratio on the variability of
characteristics defining somatic cell count in the studied population of cows. Based on the
obtained results, the following conclusions were formulated: SCC is characterized by high
variability. In the authors” own research, it was influenced by a number of environmental
and genetic factors including: individual cow, lactation period, age of cow, milking rate,
and fat-to-protein ratio. The impact of factors such as milking phase (1 min or 8 min)
and milking type (morning or evening) should be considered as inconclusive based on
the entire population studied. For half of the cows, SCC in foremilk was higher than in
hindmilk, while for the other half the situation was reversed. Confirming the hypothesis
of how cows’” immune response to bacterial infections is concentrated in the cisternal and
alveolar milk, under national environmental conditions, requires further observation.
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data curation P.G. and M.K.K. All authors have read and agreed to the published version of the
manuscript.



Animals 2024, 14, 2219 14 of 15

Funding: This research was financed by the Ministry of Science and Higher Education of the Republic
of Poland (funds for statutory activity 164/23/B).

Institutional Review Board Statement: The study utilized data derived from cow’s milk obtained
according to standard procedures, which did not in any way compromise the welfare of the cows.
Obtaining milk from cows does not (as of now) require ethical committee approval in Poland.

Informed Consent Statement: We have obtained the appropriate consent from the herd owner.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Huang, C.-H.; Furukawa, K.; Kusaba, N. Estimating the nonlinear interaction between somatic cell score and differential somatic
cell count on milk production by parity using generalized additive models. J. Dairy Sci. 2023, 106, 7942-7953. [CrossRef] [PubMed]

2. Ermetin, O.; Kul, E.; Okuyucu, I.C. The relationship of somatic cell count with milk yield and composition in different stages of
lactation in Holstein cows. Vet. Arh. 2024, 94, 21-32. [CrossRef]

3. Gulinski, P.; Wyszomierski, K.; Salamoriczyk, E. Relationship between somatic cells and milk performance of Polish Holstein-
Friesian cows. Rocz. Nauk. Pol. Tow. Zootech. 2016, 12, 17-23. [CrossRef]

4. Jakiel, M.; Jesiotkiewicz, E.; Ptak, E. The relationship between the content of somatic cells and milk yield characteristics in the
milk of PHF cows of the black and white variety. Rocz. Nauk. Pol. Tow. Zootech. 2011, 7, 9-17. (In Polish)

5. Oravcovda, M.; Cobirka, M.; Ma¢uhov4, L.; Uhrin¢at, M.; Tan&in, V. Relationships between and variation of cows’ somatic cell
score and milk traits. Acta Fytotechn. Zootechn. 2024, 27, 1-7. [CrossRef]

6. Pegolo, S.; Giannuzzi, D.; Bisutti, V.; Tessari, R.; Gelain, M.E.; Gallo, L.; Schiavon, S.; Tagliapietra, F.; Trevisi, E.; Ajmone Marsan,
P; et al. Associations between differential somatic cell count and milk yield, quality, and technological characteristics in Holstein
cows. J. Dairy Sci. 2021, 104, 4822-4836. [CrossRef]

7. Alessio, D.R.M.; Velho, ].P.; McManus, C.M.; Knob, D.A.; Vancin, ER.; Veiverberg Antunes, G.; Busanello, M.; De Carli, E; Thaler
Neto, A. Lactose and its relationship with other milk constituents, somatic cell count, and total bacterial count. Livest. Sci. 2021,
252,104678. [CrossRef]

8. Costa, A.; Lopez-Villalobos, N.; Sneddon, N.W.; Shalloo, L.; Franzoi, M.; De Marchi, M.; Penasa, M. Invited review: Milk
lactose-Current status and future challenges in dairy cattle. J. Dairy Sci. 2019, 102, 5883-5898. [CrossRef]

9.  Gulinski, P. Domestic Cattle Breeding and Use; PWN: Warsaw, Poland, 2017. (In Polish)

10.  Albaaj, A.; Foucras, G.; Raboisson, D. High somatic cell counts and changes in milk fat and protein contents around insemination
are negatively associated with conception in dairy cows. Theriogenology 2017, 88, 18-27. [CrossRef]

11. Hertl, J.A.; Grohn, Y.T.; Leach, J.D.G.; Bar, D.; Bennet, G.]J.; Gonzalalez, R.N.; Rauch BJWelcome, F.L.; Tauer, L.W.; Schukken,
Y.H. Effects of clinical mastitis caused by gram-positive and gram-negative bacteria and other organism on the probability of
conception in New York State Holstein dairy cows. J. Dairy Sci. 2010, 93, 1551-1560. [CrossRef]

12.  Lavon, Y.; Kaim, M.; Leitner, G.; Biran, D.; Ezra, E.; Wolfenson, D. Two approaches to improve fertility of subclinical mastitis of
dairy cows. J. Dairy Sci. 2016, 99, 2268-2275. [CrossRef] [PubMed]

13.  Nguyen, T.C.; Nakao, T.; Gautam, G.; Su, L.T.; Ranasinghe, R.M.; Yusuf, M. Relationship between milk somatic cell count and
postpartum ovarian cyclicity and fertility in dairy cows. Acta Vet. Hung. 2011, 59, 349-362. [CrossRef] [PubMed]

14. Pinedo, PJ.; Melendez, P; Villagomez-Cortes, ].A.; Risco, C.A. Effect of high somatic cell counts on reproductive performance of
Chilean dairy cattle. J. Dairy Sci. 2009, 92, 1575-1580. [CrossRef] [PubMed]

15. Radkowska, I.; Szewczyk, A. Conditions in dairy and beef cattle breeding affecting reproductive parameters and female fertility.
Wiad. Zoot. 2018, 3, 44-50. (In Polish)

16. Rekik, B; Ajili, N.; Belhani, H.; Ben Gara, A.; Ronissi, H. Effect of somatic cell count on milk and protein yields and female fertility
in Tunisian Holstein dairy cows. Livest. Sci. 2008, 116, 309-317. [CrossRef]

17.  Guliniski, P. Functional traits and their role in modern cattle breeding. Vol. II. Somatic milk cells, fertility, condition, conformation
of cows. Prz. Hod. 2011, 2, 13-17. (In Polish)

18. Olechnowicz, J.; Jaskowski, M. Somatic Cells Count in Cow’s Bulk Tank Milk. . Vet. Med. Sci. 2012, 74, 681-686. [CrossRef]
[PubMed]

19. Alhussien, M.N.; Dang, A K. Milk so matic cells, factors influencing their release, future prospects, and practical utility in dairy
animals: An overview. Vet. World 2018, 11, 562-577. [CrossRef]

20. Stocco, G.; Cipolat-Gotet, C.; Stefanon, B.; Zecconi, A.; Francescutti, M.; Mountricha, M.; Summer, A. Herd and animal factors
affect the variability of total and differential somatic cell count in bovine milk. J. Anim. Sci. 2023, 101, skac406. [CrossRef]

21. Tancin, V. Somatic cell count in milk of dairy cows under practical conditions. Slovak |. Anim. Sci. 2013, 46, 31-34.

22. Czyzak-Runowska, G.; Wéjtowski, J.; Bielinska-Nowak, S.; Wojtczak, J.; Markiewicz-Keszycka, M. Seasonal variation in the

quality parameters of milk from an extensive, small family farm. Acta Sci. Pol. Zootech. 2020, 19, 63-70. [CrossRef]


https://doi.org/10.3168/jds.2022-22958
https://www.ncbi.nlm.nih.gov/pubmed/37562643
https://doi.org/10.24099/vet.arhiv.2213
https://doi.org/10.5604/01.3001.0013.6977
https://doi.org/10.15414/afz.2024.27.01.1-7
https://doi.org/10.3168/jds.2020-19084
https://doi.org/10.1016/j.livsci.2021.104678
https://doi.org/10.3168/jds.2018-15955
https://doi.org/10.1016/j.theriogenology.2016.09.043
https://doi.org/10.3168/jds.2009-2599
https://doi.org/10.3168/jds.2015-9745
https://www.ncbi.nlm.nih.gov/pubmed/26805979
https://doi.org/10.1556/avet.2011.017
https://www.ncbi.nlm.nih.gov/pubmed/21727067
https://doi.org/10.3168/jds.2008-1783
https://www.ncbi.nlm.nih.gov/pubmed/19307638
https://doi.org/10.1016/j.livsci.2007.11.001
https://doi.org/10.1292/jvms.11-0506
https://www.ncbi.nlm.nih.gov/pubmed/22230979
https://doi.org/10.14202/vetworld.2018.562-577
https://doi.org/10.1093/jas/skac406
https://doi.org/10.21005/asp.2020.19.3.08

Animals 2024, 14, 2219 15 of 15

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Jonas, E.IM.; Atasever, S.; Graff, M.; Erdem, H. Non-Genetic Factors Affecting Milk Yield, Composition and Somatic Cell Count in
Hungarian Holstein Cows. Kafkas Univ. Vet. Fak. Derg. 2016, 22, 361-366. [CrossRef]

Malinowski, E. Somatic cells in milk. Med. Wet. 2001, 57, 13-17. (In Polish)

Lambertz, C.; Sanker, C.; Gauly, M. Climatic effects on milk production traits and somatic cell score in lactating Holstein-Friesian
cows in different housing systems. |. Dairy Sci. 2014, 97, 319-329. [CrossRef] [PubMed]

Sadeghi-Sefidmazgi, A.; Rayatdoost-Baghal, F. Effects of herd management practices on somatic cell counts in an arid climate.
Rev. Bras. Zootec. 2014, 3, 499-504. [CrossRef]

Bartowska, J.; Jarosiriska, A.; Wolanciuk, A.; Kedzierska-Matysek, M. The quality of commercial milk obtained on farms using
various milking systems. Rocz. Nauk. Pol. Tow. Zootech. 2012, 8, 31-38.

Gulinski, P.; Zaremba, L. An attempt to assess accuracy of somatic cell count determination in cow’s milk in the dairy herd
improvement program—Preliminary results. Anim. Sci. Pap. Rep. 2021, 39, 339-350.

Damm, M.; Holm, C.; Blaabjerg, M.; Bro, M.N.; Schwarz, D. Differential somatic cell count—A novel method for routine mastitis
screening in the frame of Dairy Herd Improvement testing programs. J. Dairy Sci. 2017, 100, 4926-4940. [CrossRef] [PubMed]
Halasa, T.; Kirkeby, C. Differential Somatic Cell Count: Value for Udder Health Management. Front. Vet. Sci. 2020, 7, 609055.
[CrossRef]

Olde Riekerink, R.G.; Barkema, H.-W.; Veenstra, W.; Berg, FE.; Stryhn, H.; Zadoks, R.N. Somatic cell count during and between
milkings. J. Dairy Sci. 2007, 90, 3733-3741. [CrossRef]

Ayadi, M.; Caja, G.; Such, X.; Rovai, M.; Albanell, E. Effect of different milking intervals on the composition of cisternal and
alveolar milk in dairy cows. J. Dairy Res. 2004, 71, 304-310. [CrossRef] [PubMed]

Litwinczuk, Z.; Guliniski, P. Holstein-Friesian cattle and their use in the improvement of black and white dairy cattle in Poland
and around the world. Post. Nauk Rol. 2000, 47, 71-87. (In Polish)

International Dairy Federation (IDF). Guidelines for the Use and Interpretation of Bovine Milk Somatic Cell Count; Bulletin of the
International Dairy Federation 466/2013; International Dairy Federation: Brussels, Belgium, 2013.

Polish Federation of Cattle Breeders and Milk Producers, Institute of Animal Production, National Research Institute. Assessment
of the Breeding Value of PHF Bulls of the Black-and-White and Red-and-White Varieties. 2016. Available online: www.wycena.
izoo.krakow.pl (accessed on 25 January 2024).

SAS Institute Inc. Statistical Analysis System User’s Guide, Version 9.1; SAS Institute: Cary, NC, USA, 2008.

Selvered, L.; Simonsen, S.; Waldman, A.; Osterds, O.; Rapstad, E. Variation in somatic cell count and milk components in fraction
collected quarter milk samples. In Mastitis in Dairy Production; Wageningen Academic: Wageningen, The Netherlands, 2005.
[CrossRef]

Sarikaya, H.; Werner-Misof, C.; Atzkern, M.; Bruckmaier, R.M. Distribution of leucocyte populations, and milk composition, in
milk fractions of healthy quarters in dairy cows. J. Dairy Res. 2005, 72, 486—492. [CrossRef] [PubMed]

Sarikaya, H.; Schlamberger, G.; Meyer, H.H.; Bruckmaier, R.M. Leukocyte populations and mRNA expression of inflammatory
factors in quarter milk fractions at different somatic cell score levels in dairy cows. J. Dairy Sci. 2006, 89, 2479-2486. [CrossRef]
[PubMed]

Tanéin, V.; Ipema, A.H.; Hogewerf, P. Interaction of Somatic Cell Count and Quarter Milk Flow Patterns. J. Dairy Sci. 2007, 90,
2223-2228. [CrossRef] [PubMed]

Miji¢, P.; Knezevi¢, I.; Baban, M.; Domaéinovié, M. Relationship of milking rate and somatic cell count to the health of bovine
udders. Milchwissenschaft 2003, 58, 119-121.

Miji¢, P; KneZzevi¢, I.; Domaéinovi¢, M.; Ivankovié, A.; Ivki¢, Z. Relationship between various phases of milk flow at mechanical
milking system and the somatic cell count in cow’s milk. . Anim. Feed Sci. 2005, 14, 483—490. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.9775/kvfd.2015.14672
https://doi.org/10.3168/jds.2013-7217
https://www.ncbi.nlm.nih.gov/pubmed/24239072
https://doi.org/10.1590/S1516-35982014000900007
https://doi.org/10.3168/jds.2016-12409
https://www.ncbi.nlm.nih.gov/pubmed/28365116
https://doi.org/10.3389/fvets.2020.609055
https://doi.org/10.3168/jds.2007-0001
https://doi.org/10.1017/S0022029904000329
https://www.ncbi.nlm.nih.gov/pubmed/15354576
www.wycena.izoo.krakow.pl
www.wycena.izoo.krakow.pl
https://doi.org/10.3920/9789086865505_069
https://doi.org/10.1017/S0022029905001317
https://www.ncbi.nlm.nih.gov/pubmed/16223466
https://doi.org/10.3168/jds.S0022-0302(06)72322-0
https://www.ncbi.nlm.nih.gov/pubmed/16772565
https://doi.org/10.3168/jds.2006-666
https://www.ncbi.nlm.nih.gov/pubmed/17430921
https://doi.org/10.22358/jafs/67041/2005

	Introduction 
	Materials and Methods 
	Results 
	Population Size and Milk Yield 
	Analysis of Variance Results for Somatic Cell Counts 
	Evaluation of the Influence of Other Analyzed Factors on SCC 

	Discussion 
	Conclusions 
	References

