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Abstract

Milk quality is increasingly important for producers and consumers as it relates to processing, production, and price.
The aim of the present study was to determine the relationship between somatic cells count, lactose content, and acidity
of cow milk. A total number of 100 milk samples, from cows with mastitis were processed and analyzed. Increasing acidity
and decreasing lactose content were correlated with an increased number of somatic cells in the collected milk samples.
The lactose ratio decreased as the number of somatic cells in the milk increased, thus leading to an increase in the
titratable acidity of the milk. It can be concluded that a higher number of somatic cells adversely affects milk quality and
subsequently processing capacity. Lactose content and titratable acidity can be used as indicators as complimentary to
monitor udder health and for early diagnosis of subclinical mastitis in milk cows.
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INTRODUCTION

The quality of cow milk is a critical aspect of
dairy production, with somatic cell count (SCC)
being a key indicator of udder health and milk
quality. Elevated SCC is associated with
inflammatory processes in cows and reflects the
udder health status and raw milk quality. In the
case of clinical mastitis, it causes visibly
abnormal milk and an alteration of the udder
(Granaci et al., 2023; Schukken et al., 2003).
Subclinical mastitis, on the other hand, does not
show any symptoms and can only be eviden-
tiated by counting the somatic cells of a single
cow or by analysing microbiological cultures
(Ashraf et al., 2020; Hameed et al., 2007).
Season, breed, age, condition of the mammary
glands, lactation stage, and nutritional manage-
ment are some variables that affect milk
composition (Hristev et al., 2022).

Previous research has shown that the number of
somatic cells, as well as the amount of protein
and lactose in milk, have a significant impact on
milk production (Chen et al., 2021; Pegolo et al.,
2021; Rearte et al., 2022). According to Beni et
al. (2018), physical damage to the milk-
producing epithelial cells is the main cause of
the decrease in milk output that occurs along
with an increase in milk SCC. Damage to
alveolar epithelial cells has also been proposed
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as a possible explanation for the lactose
decrease. Because lactose plays an important
role in maintaining milk's osmotic pressure, a
decrease in its amount results in a considerable
reduction in milk output. Furthermore, sodium
chloride ions are transported from the circu-
lation into milk to maintain the osmotic balance,
boosting their overall content to an excessively
high level (Alhussien et al., 2018; Neculai-
Vileanu et al., 2022). Mastitis affects milk's
composition, yield, and physical-chemical pro-
perties (Cunha et al., 2008). These modifications
are linked to changes in the enzymatic activity
of somatic cells or microorganisms in the
infected mammary gland (Beni¢ et al., 2018;
Reis et al., 2013).

Sub-clinically infected cows have somatic cell
counts greater than 2.0x10° cells/mL (Miglior et
al., 2007). Because mastitis infection alters the
mammary glands' homeostasis, a drop in the
amount of lactose in milk has been linked to an
increase in somatic cells. According to Berglund
et al. (2007), there is a correlation between a
decrease in lactose levels (from 4.86 to 4.69%)
and an increase in somatic cell count (from 3.1
x 10* to 4.5 x 10° somatic cells/mL) (Antanaitis
et al., 2021).

Researchers have also noted that milk is the
primary source of lactose utilized in industry
and that lactose is widely employed in the food



and pharmaceutical industries (Ferrari et al.,
2004). Lactose is a disaccharide composed
primarily of glucose and galactose molecules,
accounting for about 40% of the total solids and
50% of the fat-free solids. The health of the
udder, the cow's energy balance, and her
metabolism all have an impact on the synthesis
and concentration of lactose in milk (Antanaitis
etal., 2021; Costa et al., 2019; Reis et al., 2013).
Additionally, high SCC levels have been linked
to decreased milk yield and altered milk
components, including lactose. Furthermore, an
increase in SCC has been associated with
changes in milk acidity, as reflected by alte-
rations in milk composition, such as increased
NaCl concentration. These findings underscore
the importance of understanding the impact of
increased SCC on milk acidity and lactose
content (Silva et al., 2018). Because of the lactic
acid that bacteria produce during fermentation,
cow milk has a mild acidity. Increased SCC has
had a mixed effect on milk acidity, according to
studies. Some studies suggest a modest rise in
acidity with increased SCC, whereas others
show no significant difference.

This inconsistency is most likely caused by a
combination of factors, including the specific
bacteria that cause mastitis, the degree of the
inflammation, and individual cow variances
(Navarro et al., 2021). The suggested ways that
SCC is connected to acidity and lactose are
complicated. They involve how inflammatory
processes, enzyme activity, and the makeup of
bacteria interact with each other. Understanding
these mechanisms is crucial for developing
mitigation strategies to minimize quality
deterioration and the potential health risks
associated with elevated SCC milk.

Elevated SCC might lead to lactose degradation
by enzymes released from somatic cells or
bacteria, resulting in lower lactose levels. This
decrease can pose challenges for lactose-
intolerant consumers and affect cheesemaking
processes that rely on lactose fermentation.

The lactation stage and genetic factors have an
impact on the fatty acid composition of milk,
which can further alter the acidity and lactose
content of the milk (Ben Fraj et al., 2023; Bobe
et al., 2007). Additionally, the presence of
particular fatty acids as well as other ingredients
like minerals and amino acids can affect milk's
overall nutritional value and acidity (Li et al.,
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2011). Although the detrimental effects of high
SCC on milk composition-such as protein
content and yield-have long been known, the
impact on acidity and lactose concentration has
received less attention. To close this gap, our
study looked into possible connections between
changes in these important milk components and
elevated SCC.

The dry and wet seasons have a substantial
impact on milk quality while also influencing
the physicochemical properties of milk (Reis et
al., 2013). This study investigates how
increasing somatic cell count impacts lactose
content and titratable acidity in milk samples
from cows with mastitis, regardless of harvest
season (warm or cold).

MATERIALS AND METHODS

Experimental Design

Samples were collected from Holstein dairy
cows in a farm from north-eastern Romanian,
during cold and warm seasons. Animals with
high milk conductivity were identified using the
loggings from AfiMilk system. The AfiMilk
program is the most advanced software in the
world for dairy farm management, and we can
say that diagnosing subclinical mastitis is
considerably easier when the cows' dynamic
activity is correlated with the amount of
produced milk, and electrical conductivity.
Before the collection of the milk samples, the
udder and the milkers' hands were carefully
cleansed with soap and water and disinfected
with 70 percent ethyl alcohol. The first jets of
milk were discarded, and then about 50 ml of
milk were collected in sterile containers. The
collected samples were analysed, the number of
somatic cells, the lactose content, and the
titrable acidity were assessed. The collected
samples were transported under optimal tempe-
rature conditions to the analysis laboratory
where to evaluate the number of somatic cells
and the lactose content, they were heated in a
water bath at 37°C, and for the determination of
titratable acidity, the samples were heated in a
water bath at temperature of 22° C.

Evaluation of the number of somatic cells in
milk

There are several types of methods and
equipment available for counting somatic cells



in milk, including the direct microscopic cell
count, which is used as a high-accuracy test. A
quick technique to evaluate the number of
somatic cells is SomaScope LFC 600/300.

Figure 1. Analyzer SomaScope LFC 600/300 (Original
Image, Laboratory of Nutrition, Quality and Food Safety,
R & D Station for Cattle Breeding Dancu, lasi)

The automated Analyzer SomaScope LFC
600/300 was used to determine somatic cell
count (SCC), a technique that offers the
advantages of reducing analysis time (200 milk
samples/hour), costs, and reagent consumption.
The collected milk samples were heated in a
water bath at 37°C, maintained for
approximately 30 minutes, stirred, and then
analysed (Ariton et al., 2022). To obtain results,
we ran a controlled experiment with a group of
cows with varied SCC levels (> 4.0 x 10°
cells/mL). Milk samples were collected in
different seasons and tested for the number of
somatic cells, lactose content, and level of
acidity using standard methods.

Evaluation of the lactose content in milk

The automated analyzer - FTIR Lacto Scope
600/300 was used to determine Lactose content
from samples collected. The solutions used for
the analysis were: 0.01% Triton solution and
0.4% Decon solution. With this analyser, can
determine the main constituents of milk (fat,
protein, lactose, casein, urea).

Figure 2. Analyzer - FTIR LactoScope 600/300 (Original
Image, Laboratory of Nutrition, Quality and Food Safety,
R & D Station for Cattle Breeding Dancu, lasi)
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Evaluation titrable acidity of milk

The acidity of the milk is determined by an acid
reaction involving free acids and salts, and it is
an indicator of its freshness. Freshly milked milk
has a somewhat acidic reaction, but it becomes
more acidic with time due to microbial
fermentation of lactose and its transformation
into lactic acid. The acidity of the milk sample
prepared for analysis is neutralized by titration
with 0.1 N sodium hydroxide solution and
phenolphthalein as an indicator (1%). Milk
acidity is measured quantitatively using the
titration method (standardized method) and
expressed in Thorner degrees (°T).

Figure 3. Determination of milk acidity (Original Image,
Laboratory of Nutrition, Quality and Food Safety,
R & D Station for Cattle Breeding Dancu, lasi)

Milk acidity, in Thorner degrees, is calculated
with the formula:

Acidity (°T)=10x V
where:
V -1is the volume of the 0.1 N sodium hydroxide

solution used in the titration, in ml;
10 - is the volume of the product used, in ml.

As a result, the arithmetic means of three
parallel  determinations that meet the
repeatability condition, values that fall within
the range of 15-19 °T, is taken.

Data Analysis and Statistics

Statistical analysis was carried out to assess the
relationship between milk parameters and the
influence of season. Data on lactose content,
acidity titrable, and SCCs were analyzed by one-
way analysis processing done in Microsoft
Excel, using ANOVA variance analysis test of
variance (ANOVA). Pearson’s correlation
coefficients (r) were computed between total



SCC, milk lactose content and acidity using data
from cold and warm season.

RESULTS AND DISCUSSIONS

The purpose of this study was to examine the
relationship between somatic cell count (SCC),
lactose content, and titrable acidity in both cold
and warm seasons. Figure 4 shows the
Dynamics of the tested parameters (SCC,
Lactose and acidity) according to the collection
season of milk samples from cows identified
with an increased number of somatic cells
(>400,000 cells/mL).

The comparative analysis of the dynamics of the
evaluated parameters according to the sampling
season showed that the differences between the
values that characterized the two seasons were

%
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distinctly significant for the number of somatic
cells.

The data were processed statistically to
determine the main statistical estimators (mean,
variation, standard deviation, standard error of
the mean, and coefficient of deviation).

The differences between the averages of the
same parameters in the two seasons were
calculated and expressed as relative deviations.
The ANOVA test was also used to express the
degree of significance of the differences
between the values of the tested parameters and
the seasons (Table 1).

A significant difference was observed between
cold and warm seasons considering the SCC,
lactose content, and titrable acidity. Moreover, a
negative correlation (r = 0.731) was observed
between lactose and SCC (Table 2).

Acidity BOC

Acidity [Ta

Figure 4. Dynamics of the tested parameters (SCC, Lactose and acidity) according to the collection season
of milk samples from cows identified with an increased number of somatic cells

Table 1. Analytical statistical analysis - milk parameters and season dynamic

Warm season Cold season
Mean + SD Mini Maximum Mean + SD Mini Maximum ANOVA
ILactose 4.18+.87 0.09 4.92 4.42+0.40 294 5.02 p>0.05
Acidity 18.93+1.89 14.00 22.00 18.48+1.21 15.00 21.00 p>0.05
2350433.33+ 908616.67+ .
SCS 2476698 39" 54900000 8534000.00 695928 87" 95000 3710000.00 p <0.001
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Table 2. Pearson correlations

Lactose Acidity ScC
Lactose 1 -.274%* - 731%*
Acidity 1 0.429**
SCC 1

**_Correlation is significant at the 0.01 level (2-tailed)

While the direct effect of increased SCC on cow
milk acidity and lactose content may be small, it
is nonetheless an important signal of future
udder health issues and overall milk quality.
Alessio et al. (2016) have indicated that lactose
content in milk is influenced by SCC levels,
parity, and seasonality, with no significant
relationship to breed, milk yield, fat content, or
protein levels. Furthermore, environmental fac-
tors like temperature and humidity can impact
milk composition, with higher temperatures
leading to decreased protein, fat, and lactose
content, as well as increased microbial counts
and SCC (Toghdory et al., 2022).
Intramammary infections can increase SCC and
decrease protein, lactose, and fat content in milk
(Paape et al., 2001; Vasil et al., 2016). Studies
have reported conflicting results. Some suggest
a potential increase in milk acidity with higher
SCC, potentially due to the release of
inflammatory mediators. However, others show
no significant change. In our study, acidity was
directly influenced by the increase in SCC.
Increased SCC might lead to a slight increase in
milk acidity due to the influx of immune cells
and enzymes from the inflammatory response.
Regarding the lactose content, our findings are
consistent with the ones from previous studies
which report a decrease in lactose content
associated with higher SCC, potentially linked
to altered milk synthesis or enzymatic activity.
Maintaining healthy cow populations with low
SCC levels is critical for producing high-quality,
safe, and nutritional milk for consumers.
Understanding the influence of SCC on milk
acidity and lactose content is crucial for various
stakeholders in the dairy industry. For farmers,
this knowledge can help identify cows with
potential udder health issues and implement
appropriate management strategies.

For processors, information on acidity and
lactose content is essential for optimizing
processing methods and product quality.
Additionally,  consumers  benefit  from
understanding how milk quality can be affected
by factors like SCC.
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CONCLUSIONS

This study provides valuable insights into the
relationship  between SCC and milk
composition, specifically focusing on lactose
and acidity. High somatic cell counts (> 4.0 x
10° cells per mL) suggest bacterial infection, as
evidenced by a strong negative connection
between  this  parameter and lactose
concentration. Somatic cell counts correlate
negatively with lactose and acidity levels.
Lactose content and titratable acidity can be
used as indicators to monitor udder health and
for early diagnosis of mastitis in milk cows.
Thus, it is regularly recommended to revise the
management practices on the farm and evaluate
the basic parameters of the milk.
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