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ABSTRACT

Mastitis negatively impacts both milk production and milk quality. 
The aim of this study was to evaluate changes in milk production and 
composition in dairy cows with mastitis (n = 111) compared to controls (n 
= 111) and to assess the effect of a specific mastitis pathogen on selected 
milk quality indicators. The most common pathogen was Streptococcus 
uberis. Most mastitis cases were detected in summer (35%), in dairy cows 
in their fourth and higher lactations (52%), at 101–200 days of lactation 
(37%). A statistically significant difference (p <0.001) was found between 
control and mastitis cows in milk yield (32.3 vs 28.4 kg), lactose content 
(5.01 vs 4.72%), somatic cell count (4.84 vs 5.96 log), and fat-to-lactose ra-
tio (0.83 vs 0.91). The somatic cell count in mastitis caused by Escherichia 
coli (3,270,000/ml) was significantly higher than in mastitis caused by oth-
er pathogens (p <0.001). The lactose content was also lowest in Escherichia 
coli mastitis compared to other mastitis cases (4.45%; p <0.001). It was 
found that the influence of specific pathogens on selected milk parameters 
varies considerably. The results obtained may provide a basis for optimiz-
ing preventive and therapeutic strategies in dairy cattle breeding. 
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INTRODUCTION

Mastitis is a disease with many etiological causes re-
lated to the cattle production system and rearing environ-
ment. It manifests as various changes in mammary gland 
tissue [1, 2, 3], resulting from tissue inflammation and oth-
er defensive responses to the presence of microorganisms 
within the mammary gland [4]. Mastitis can be classified 
as subclinical or clinical. In both cases, there is a signifi-

cant reduction in milk production [5] and a decline in milk 
quality, resulting in substantial economic losses. These 
losses are estimated at approximately €134 to €198 per 
cow with mastitis per lactation [6, 7, 8, 9]. Common mas-
titis pathogens include Staphylococcus aureus, Streptococ-
cus agalactiae, Streptococcus dysgalactiae, Streptococcus 
uberis, and Escherichia coli [10, 11, 12, 13, 14, 15]. 

The somatic cell count (SCC) is likely the most impor-
tant indicator in the diagnosis of mastitis; from a hygiene 
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perspective, it is also a key parameter for determining 
milk quality [16]. These are blood cells (specifically white 
blood cells—leukocytes) and, to a lesser extent, mammary 
gland epithelial cells, which are released into the mam-
mary alveoli during milk production [17]. Lactose content 
is another sensitive indicator of mammary gland integrity 
in mastitis. Lactose content decreases from physiological 
levels to 4.01–4.51%, a phenomenon the authors attribute 
to a disruption of the so-called tight junctions between al-
veolar epithelial cells, which allow lactose to pass back 
from milk into the bloodstream [18, 19]. Mastitis is also 
associated with a decrease in casein content and an in-
crease in whey protein concentration, particularly immu-
noglobulins (especially IgG) and serum albumin [20, 21]. 
Elevated levels of these proteins are considered part of the 
mammary gland’s defense response, as immunoglobulins 
neutralize pathogens and promote phagocytosis, while al-
bumin serves as a transport protein [22, 23]. 

During mastitis, there is a significant increase in the 
concentration of sodium (up to 40%) and chloride in milk, 
accompanied by a parallel decrease in potassium [20, 21]. 
However, some studies point out that sensitivity to indi-
vidual minerals may differ [24].

Numerous scientific studies have shown that the bacte-
rial pathogen responsible for mastitis significantly affects 
milk composition. The aim of this study was to compare 
the quality characteristics of milk from healthy dairy cows 
and dairy cows with mastitis caused by various bacterial 
pathogens.

MATERIALS AND METHODS

Selection of experimental groups of dairy cows
The study was conducted on a dairy farm (1,850 head 

of cattle, including 800 dairy cows) located in the Vysoči-

na Region at an elevation of 566 meters above sea level. 
Milking takes place twice daily in a parallel milking parlor 
(2 × 16), and the milk is collected daily.

Data for evaluating the impact of mastitis on milk yield 
and milk quality parameters were collected from dairy 
cows with clinical mastitis over the course of one year. 
The cows met the following criteria: 1) purebred Czech 
Fleckvieh dairy cows, 2) only one pathogen was detected 
in the milk sample, specifically Streptococcus uberis, Es-
cherichia coli, Streptococcus dysgalactiae, Klebsiella pne-
umoniae, 3) for each dairy cow meeting the above criteria, 
a “control” cow in the herd was also selected, matched for 
parity and stage of lactation, with a SCC of ≤135,000/ml.

A total of 111 cows with mastitis and 111 control cows 
were included in the study (Table 1).

Mastitis pathogen determination
Milk samples were aseptically collected from infected 

quarters of cows with clinical mastitis (oedema, redness, 
pain, changes in milk secretion and appearance, positive 
NK test results). The samples were analyzed by inoculation 
into three-part chromogenic culture media (ClearMilk test; 
LabMedia Servis, s.r.o.; the Czech Republic), which are 
selective for streptococci, staphylococci, and Gram-nega-
tive bacteria. Cultivation conditions were 37 °C for 24–48 
hours. A farm-specific atlas was used to identify pathogens; 
it was compiled based on milk sample cultivation results 
and subsequent PCR identification of mastitis pathogens 
performed by the Veterinary Research Institute Brno. For 
this study, the four most frequently identified pathogens 
were used. 

Milk yield and quality indicators 
Data on milk yield and milk quality parameters were 

evaluated based on the results of performance testing. 
Milk quality analyses were conducted at the ČMSCH, 

Table 1. Characteristics of Czech Fleckvieh dairy cows selected for the study

Group of dairy cows n
Parity

x sx

Days in milk
x sx

Control 111 3.7 2.0 143 90

Mastitis 111 3.7 2.0 142 87

  of which: 

Streptococcus uberis 59 3.3 2.0 139 97

Escherichia coli 18 3.7 1.7 134 73

Streptococcus dysgalactiae 15 3.8 2.2 134 74

Klebsiella pneumoniae 19 4.7 2.2 164 82
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a.s. laboratory in Brno-Tuřany. The following parameters 
were recorded: milk yield (kg), fat, protein, casein, lactose, 
non-fat solids (NFS), all in g/100 g, urea content (mg/100 
ml), citric acid (%), acetone (mmol/l), β-hydroxybutyric 
acid (BHB) (mmol/l), SCC (×103 cells/ml) using a Combi-
FossTM FT 60000 (Foss Electric, Denmark), comprising a 
MilkoScan 6000 analyzer and a FossomaticTM 5000 flow 
cytometer. In addition, the fat-to-protein (F/P), fat-to-lac-
tose (F/L), and casein-to-protein (C/P) ratios were calcu-
lated. SCC were logarithmically adjusted. 

Statistical analysis
Statistica 12.0 (StatSoft CR s.r.o.) was used to analyze 

the collected data. For the relevant datasets, the assump-
tions required for parametric methods (normal distribution 
of data and homogeneity of variances) were assessed.

A student’s t-test was used to compare milk production 
and quality between control and mastitis dairy cows, and 
one-way analysis of variance was used to determine the 
effect of the bacterial cause of mastitis. Group compari-
sons were verified using Tukey’s HSD test for unequal n at 
standard significance levels. 

RESULTS AND DISCUSSION

The highest proportion of mastitis cases was diag-
nosed in the summer (35%), while the lowest proportion 
occurred in the winter (18%). The fact that 52% of mastitis 
cases occurred in the fourth lactation or later confirms the 
general trend of an increasing risk of this disease with age 
– these data are not included in the table. This phenome-
non may be related to a decline in the immune function of 
the mammary gland and to a gradual teat sphincter damage 
during previous lactations. A higher incidence of mastitis 
with advancing age has also been reported in other studies 
[25, 26, 27]. The highest incidence of mastitis (37%) was 
recorded during the 101–200-day lactation stage, which 
corresponds to the period when milk production declines 
slightly after the peak of lactation yet remains at a high 
level. Moosavi et al. [28] reported that mastitis most com-
monly occurs in the postpartum period due to metabolic 
stress associated with the onset of lactation. Other studies 
also consider the postpartum period to be the time when 
the incidence of various diseases, including mastitis, is 
highest [29, 30]. Our study did not confirm this finding. 

Table 2. Comparison of daily milk yield and milk quality parameters in the control group and in the mastitis group

Indicator

Groups

pControl (n = 111) Mastitis (n = 111)

Mean SD Mean SD

Milk yield (kg) 32.3 6.8 28.4 7.6 <0.001

SCC (log) 4.84 0.12 5.96 0.46 <0.001

Fat (%) 4.13 0.53 4.26 0.62 0.0951

Protein (%) 3.50 0.33 3.66 0.48 0.0037

Casein (%) 2.81 0.32 2.89 0.45 0.1278

Lactose (%) 5.01 0.16 4.72 0.40 <0.001

NFS (%) 9.19 0.36 9.01 0.60 0.0052

Urea (mg/100 ml) 19.83 7.50 19.40 9.27 0.6992

Citric acid (%) 0.17 0.03 0.17 0.04 0.1559

Acetone (mmol/l) 0.09 0.13 0.09 0.19 0.8032

BHB (mmol/l) 0.07 0.18 0.08 0.19 0.5176

F/P 1.19 0.16 1.17 0.17 0.5746

F/L 0.83 0.12 0.91 0.18 <0.001

C/P (%) 80.03 2.74 78.66 3.95 0.0029
SCC – somatic cell count; BHB – β-hydroxybutyric acid; NFS – non-fat solids; F/P – fat/protein; F/L – fat/lactose; C/P – casein/protein; SD – standard 
deviation



31

Milk production and quality in cows with mastitis 
and in the control group

A comparison of production performance and milk 
quality parameters between cows with mastitis and control 
cows revealed statistically significant differences (Table 
2). Mastitis-affected dairy cows had significantly lower 
milk yield (p < 0.001) compared to control animals, con-
firming that mastitis negatively impacts the herd’s pro-
duction capacity. At the same time, a significant change in 
milk quality was observed in mastitis-affected dairy cows, 
particularly a decrease in lactose and NFS. 

In mastitis, protein content typically increases. The 
physiological basis for this is an increase in Igs and serum 
albumin levels, which enter the mammary gland from the 
bloodstream [20, 21]. Casein content remains unchanged 
or decreases. Alhussien et al. [31] found higher total pro-
tein (3.70%) and lower casein (2.25%) in milk from cows 
with clinical mastitis than in milk from healthy dairy cows 

(3.30% and 2.70%, respectively). In our study, milk from 
cows with clinical mastitis had significantly higher protein 
content than control milk. In contrast, no significant differ-
ence in casein content was found between the two groups. 
It may be assumed that this is related to differences in the 
parameters used to define clinical mastitis. The authors in-
cluded only dairy cows with an SCC above 500,000/ml in 
the clinical mastitis group, whereas our study also includ-
ed dairy cows with somewhat lower SCC (the lowest SCC 
was 201,000/ml, as shown in Figure 1). 

The changes observed may affect the technological 
processability of milk, including its curdling properties 
and stability during heat treatment [32]. 

Milk production and quality depending on etiological 
agents 

The most frequently isolated pathogen was Strepto-
coccus uberis (53%). To a lesser extent, Klebsiella pneu-

Table 3. Effect of the selected mastitis pathogens on daily milk yield and milk quality parameters in dairy cows with clinical mastitis

Indicator

Pathogens

pStreptococcus uberis
n = 59

Escherichia coli
n = 18

Streptococcus dysga-
lactiae
n = 15

Klebsiella pneumoniae
n = 19

Mean SD Mean SD Mean SD Mean SD

Milk yield (kg) 29.4 6.9 29.5 7.5 27.5 7.9 25.2 8.9 0.1739

SCC (log) 5.71a 0.31 6.35b 0.43 6.22b 0.42 6.14b 0.46 <0.001

Fat (%) 4.30 0.58 4.50 0.77 4.10 0.40 4.05 0.70 0.1152

Protein (%) 3.59 0.40 3.87 0.64 3.66 0.48 3.68 0.51 0.1929

Casein (%) 2.85 0.39 3.00 0.64 2.86 0.42 2.91 0.42 0.6287

Lactose (%) 4.84b 0.17 4.45a 0.65 4.81b 0.37 4.54ab 0.46 0.0002

NFS (%) 9.07 0.42 8.91 0.98 9.13 0.49 8.80 0.65 0.2731

Urea (mg/100 ml) 19.83 10.85 17.72 6.35 19.10 8.21 19.86 7.13 0.8577

Citric acid (%) 0.17b 0.04 0.14a 0.03 0.18ab 0.04 0.16ab 0.03 0.0058

Acetone (mmol/l) 0.06 0.05 0.17 0.33 0.18 0.33 0.08 0.05 0.0561

BHB (mmol/l) 0.04 0.03 0.18 0.39 0.13 0.25 0.08 0.08 0.0779

F/P 1.20 0.17 1.17 0.17 1.14 0.17 1.11 0.17 0.1527

F/L 0.89a 0.13 1.04b 0.30 0.86a 0.10 0.90ab 0.20 0.0077

C/P (%) 79.09 3.43 77.19 5.65 78.15 3.09 79.12 4.08 0.2974

SCC – somatic cell count; BHB – β-hydroxybutyric acid; NFS – non-fat solids; F/P – fat/protein; F/L – fat/lactose; C/P – casein/protein; a, b – means with 
different superscripts in rows differ at p < 0.05; SD – standard deviation
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moniae (17%), Escherichia coli (16%), and Streptococcus 
dysgalactiae (14%) – Table 3. Poutrel et al. [33] also iden-
tified Streptococcus uberis as the most common pathogen, 
with a prevalence of 18–37%. A similar result was found 
by Davies et al. [34], where this pathogen was present in 
38% of cases of clinical mastitis. In contrast, Cervinko-
va et al. [35] detected Streptococcus uberis in only 7.9% 
of cases. It can be assumed that this difference was due 
to their study including only dairy cows without clinical 
symptoms.

When evaluating the effect of selected mastitis patho-
gens on daily milk yield and milk quality, statistically sig-
nificant differences were observed in SCC, lactose, citric 
acid, and F/L (Table 3). 

Differences in milk yield were observed primarily in 
mastitis caused by Streptococcus uberis and Klebsiella 
pneumoniae; however, these differences were not statis-
tically significant. Although more severe changes in milk 
production are generally observed with coliform mastitis 
compared to mastitis caused by environmental streptococ-
ci [36], the actual cause of the observed differences may 
not necessarily be related to the pathogen. Another possi-
ble explanation could be slightly higher variability, caused, 
for example, by individual differences among dairy cows 
or by the stage of lactation [37]. 

The results suggest that Streptococcus uberis consti-
tutes a distinct group that differs significantly from the oth-
er three pathogens, among which no significant statistical 
differences were found.

As previously mentioned, the most significant indi-
cator of mastitis is the SCC. An interesting finding was 
that Streptococcus uberis had a very low average SCC 
(719,000/ml) compared to other pathogens – Figure 1. 
Such a low value is typically reported for subclinical mas-
titis; however, our study included only dairy cows with 
clinical mastitis. A similar SCC value for mastitis caused 
by Streptococcus uberis was reported by de Haas et al. 
[38], although they attribute this value specifically to sub-
clinical cases. This finding may provide a new diagnostic 
approach for the clinical management of mastitis of this 
etiology.

 The highest SCC value (3,270,000/ml) was recorded 
in milk samples from which Escherichia coli was isolat-
ed. This result is characteristic of acute mastitis caused by 
Gram-negative bacteria. The differences between the Es-
cherichia coli group and other pathogens were statistically 
highly significant (p < 0.001), confirming unique ability 
of this pathogen to induce a strong immune response. Ho-
gan and Smith [39] report that SCC above 1,000,000/ml 
is typical of coliform mastitis. A study by Burvenich et 

Fig. 1. Somatic cell counts in milk from healthy dairy cows and in milk from dairy cows with mastitis caused by selected pathogens
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al. [40] shows that even a low dose of Escherichia coli 
(50 colony-forming units) can cause a dramatic increase 
in SCC and clinical signs within a few hours. Similarly, 
Fredebeul-Krein et al. [41] confirm that Escherichia coli 
infections are associated not only with high SCC values 
but also with severe systemic symptoms, such as elevated 
body temperature, decreased milk yield, and changes in 
milk consistency. Compared with Gram-positive patho-
gens, Escherichia coli has a significantly greater ability to 
trigger an inflammatory response.

The literature indicates that the extent of lactose de-
cline varies depending on the bacterial pathogen. These 
differences are attributed to differences in the virulence 
of the pathogens and their effects on the inflammatory re-
sponse of the mammary gland [42, 43, 44]. In our study, 
the lowest lactose content was found in milk with masti-
tis caused by Escherichia coli (4.45 g/100 g). Blum et al. 
[45] reported a decrease in lactose content in Escherichia 
coli-induced mastitis to as low as 3.5–4.0%. The study 
also notes that this decrease may persist even after mastitis 
has been cured, due to long-term damage to the mammary 
gland. Antanaitis et al. [44] state that, given the relatively 
constant lactose level in healthy dairy cows, a reduction in 
lactose can be considered a suitable biomarker for mastitis.

The F/L ratios ranged from 0.86 to 1.04. Since this ra-
tio is not a standard indicator in the scientific literature, 
the value obtained in this study for the control dairy cows 
(0.83) was used as a physiological reference for discus-
sion. It has been reported that this ratio increases particu-
larly in cases of mastitis caused by Escherichia coli, as 
this bacterium metabolizes lactose as an energy source for 
its rapid growth in the mammary gland [46]. Paudyal et 
al. [47] reported values of 1.27–1.37 in dairy cows with 
mastitis. This higher value compared to our study can be 
explained by the fact that the authors only included dairy 
cows up to 60 days of lactation.

The average acetone levels in milk ranged from 0.06 
mmol/l (Streptococcus uberis) to 0.18 mmol/l (Streptococ-
cus dysgalactiae). For BHB, the lowest values were again 
recorded for Streptococcus uberis (0.04 mmol/l) and the 
highest for Escherichia coli (0.18 mmol/l). These findings 
suggest that specific bacterial pathogens may have distinct 
effects on milk components, reflecting metabolism in both 
the mammary gland and the entire body [48]. In milk sam-
ples containing Gram-negative bacteria (Escherichia coli 
and Klebsiella pneumoniae), higher concentrations of ke-

tone bodies were detected compared to those containing 
Gram-positive pathogens (Streptococcus uberis and Strep-
tococcus dysgalactiae). This trend may be associated with 
the lipopolysaccharides in the cell walls of Gram-negative 
bacteria, which have an exceptional ability to induce an 
inflammatory response. Lipopolysaccharides activate the 
production of pro-inflammatory cytokines, which can af-
fect lipid metabolism in the mammary gland and lead to in-
creased β-oxidation of fatty acids. This fact was described 
by Du et al. [49], who demonstrated that the inflammatory 
response induced by the lipopolysaccharides of these path-
ogens leads to significant metabolic changes in the mam-
mary gland.

Although the study yielded interesting findings, it 
should be noted that it was conducted on a single com-
mercial dairy farm, which limits the generalizability of the 
results.

CONCLUSION

An interesting finding from this study is that the tra-
ditionally used parameter, somatic cell count, may not 
always be a sufficiently sensitive indicator of mammary 
gland health, particularly in mastitis caused by Streptococ-
cus uberis. In these infections, monitoring the fat-to-lac-
tose ratio appears to be more appropriate, as it may better 
reflect changes in milk composition induced by this path-
ogen. Based on the results obtained, it is recommended 
that mammary gland health monitoring not be limited to 
somatic cell count alone but that other indicators, such as 
lactose and citric acid, be implemented into routine prac-
tice. Also, the F/L ratio may serve as a promising com-
plementary indicator warranting further validation. A com-
prehensive approach to evaluating milk composition can 
thus contribute to more accurate diagnosis of mastitis and 
more effective milk quality management in dairy herds.
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