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ABSTRACT

Milk calcification within mammary acini is an uncommon histopathological finding in
dairy cows, potentially affecting glandular function and milk quality. This study aimed to
characterize milk calcification in udder quarters of cows removed from production. A
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total of 104 mammary complexes from 26 cows were examined. Ultrasonography
revealed normal parenchymal appearance in all quarters, while histopathology detected
calcifications in a substantial proportion of samples. Milk calcification was classified as
mild, moderate or severe, ranging from small isolated deposits to massive lumen-filling
mineralized masses with epithelial degeneration. Mean somatic cell count (SCC)
increased with calcification severity, suggesting a link with the local inflammatory
response. The findings indicate that milk calcification may remain undetected by
ultrasonography, yet represents a significant pathological alteration in the mammary
gland. Histopathological evaluation is essential for accurate assessment of udder health
and for understanding the potential impact of mineralized deposits on milk production.
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INTRODUCTION

The bovine mammary gland is a highly specialized organ whose primary function is the synthesis, storage and
secretion of milk. Its complex anatomical and histological organization, consisting of alveoli (acini), ducts and
supporting connective tissue, is essential for maintaining normal lactation and overall animal health (Jaswal et al.
2022; Chissico Junior et al., 2025). The integrity of the epithelial lining of milk acini, together with adequate
drainage through the ductal system, enables continuous milk flow (Jaswal et al., 2022) and prevents pathological
accumulation of secretory products. Any disruption of this delicate structure may result in functional impairment of
the gland, leading to reduced milk yield, altered milk composition or permanent exclusion of the animal from
production (Gammariello et al., 2024; Zalewska et al., 2025).

A wide range of pathological processes can affect the mammary gland of dairy cows, including inflammatory,
degenerative, metabolic and circulatory disorders (Egyedy and Ametaj, 2022; Rafa et al., 2023). Chronic conditions,
in particular, are often associated with irreversible structural changes such as fibrosis, epithelial degeneration and
luminal obstruction. These alterations may create conditions favorable for abnormal deposition of mineral substances
within the glandular tissue (Bonelli et al., 2020). One of the less frequently described histopathological findings in
the bovine mammary gland is calcification of milk content within the acini.

Milk calcification may develop as a consequence of prolonged milk stasis, degenerative changes of secretory
epithelium, chronic inflammatory processes or systemic metabolic disturbances affecting calcium and phosphorus
homeostasis (Seminara et al., 2023). Under such conditions, changes in the physicochemical environment of the
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alveolar lumen can promote precipitation of mineral salts, resulting in the formation of calcified deposits. The
presence of calcifications within milk acini indicates a disturbed mineral balance and altered secretory dynamics and
may further contribute to mechanical obstruction and progressive glandular damage (Kim et al., 2015).

Although tissue calcifications in various organs of animals have been well documented in veterinary pathology,
reports focusing specifically on milk calcification in the mammary glands of cows remain scarce. This is especially
true for studies based on detailed histological examination of multiple samples obtained from animals removed from
production. Consequently, the biological significance and pathogenetic mechanisms of this phenomenon are still not
fully understood.

The aim of this study was to perform a histopathological analysis of milk calcification within mammary acini in
cows excluded from milk production and to discuss its potential pathogenetic significance in relation to mammary
gland dysfunction.

MATERIAL AND METHODS

The study was conducted on a total of 104 mammary complexes obtained from 26 cows of different ages that had
been excluded from production for various reasons (reproductive disorders, decreased milk yield, chronic diseases
and other causes). Prior to slaughter, all animals underwent a clinical and ultrasonographic examination of the udder
in order to assess the morphological condition of the mammary gland and to identify potential pathological changes.
Ultrasonographic examination of the udder was performed transcutaneously using a real-time ultrasound device
equipped with a linear probe operating at a frequency of 6-8 MHz. Before examination, the udder was washed with
lukewarm water, cleaned of impurities and dried with paper towels, after which an ultrasound coupling gel was
applied to the skin to ensure adequate acoustic contact. All four udder quarters were examined, with the probe
positioned longitudinally and transversely relative to the teat axis and mammary parenchyma. Particular attention
was paid to parenchymal homogeneity and echogenicity, as well as the appearance of milk acini and the ductal
system.

Milk samples were collected from all four udder quarters. Prior to sampling, teat ends were thoroughly disinfected. A
milk sample bottle from each udder quarter was labeled with the cow identification number. Somatic cell count was
determined using the fluoro-opto-electronic method with a Fossomatic analyzer (Foss Electric, Hillerad, Denmark).
Subclinical mastitis was defined as a somatic cell count exceeding 400 x 103 cells/mL.

After slaughter, a tissue sample of approximately 1 cm? was collected from each mammary complex and fixed in
10% neutral buffered formalin. Following standard histological processing, the samples were dehydrated through
increasing concentrations of alcohol, embedded in paraffin and sectioned at a thickness of 5 um.

Histological sections were stained with hematoxylin and eosin (H&E) and examined under a light microscope.
Special attention was given to the structure of milk acini, epithelial morphology, luminal content and the presence of
mineralized masses within the alveoli. The findings were described qualitatively, with the frequency of calcification
occurrence recorded in the examined samples. Histopathological findings of milk calcification within the acini were
classified semi-quantitatively as follows: mild — presence of single, small calcified deposits within the acinar lumen;
moderate — multiple calcifications with partial filling of the alveolar lumen; severe — massive, compact calcified
deposits associated with marked acinar dilatation and accompanying degenerative changes of the epithelial lining.
The relationship between the histopathological severity of milk calcification and somatic cell count (SCC) was
evaluated descriptively. Data were summarized as mean SCC values for each semi-quantitative category of
calcification (mild, moderate, severe). No formal statistical tests were applied due to the absence of sufficient
quantitative data for ultrasonographic echogenicity.

RESULTS AND DISCUSSION

Histopathological examination of mammary tissue samples revealed the presence of milk calcification within
mammary acini in a substantial proportion of the examined udder quarters. Calcified deposits were localized
exclusively within the acinar lumina and varied in size, number and distribution among samples.

Based on a semi-quantitative assessment, milk calcification was classified as mild, moderate or severe. Mild
calcification was characterized by single or a few small deposits within the acinar lumen, with preserved acinar
architecture and intact epithelium (Eigure 1). Moderate calcification was defined by multiple deposits partially filling
the acinar lumen, often associated with acinar dilatation and early epithelial degeneration (Figure 2). Severe
calcification, observed in a smaller number of samples, consisted of massive, compact mineralized material
occupying a large portion or the entirety of the acinar lumen, accompanied by pronounced acinar enlargement and
marked epithelial degeneration (Figure 3).
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Figure 1. Mammary acinus with mild milk calcification. Single, small calcified deposits are present within the acinar
lumen, with preserved acinar architecture and intact epithelial lining. H&E 40x

Figure 2. Moderate milk calcification within mammarycini. Multiple calcified deposits partially fill the acinar
lumen and are associated with acinar dilatation and early degenerative changes of the secretory epithelium. H&E 40x

Figure 3. Severe milk calcification in the mammary gland. Massive, compact calcified material occupies the acinar

lumen, causing marked acinar enlargement and pronounced epithelial degeneration. H&E 40x

Ultrasonographic examination of the udder revealed normal parenchymal appearance in all examined quarters.
Calcified deposits were detected only by histopathological analysis, indicating that milk calcification may not be
identifiable by routine ultrasonographic examination.

The distribution of histopathological findings and mean somatic cell count (SCC) values according to the degree of
milk calcification is presented in Table 1. Udder quarters without histopathological evidence of calcification
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exhibited the lowest mean SCC values, while a progressive increase in mean SCC was observed with increasing
severity of calcification.

Table 1. Histopathological severity of milk calcification and mean SCC in examined udder quarters

Histopathology No of Meag
quarters SCCx10°/ml
No calcification 39 330
Mild calcification 34 410
Moderate calcification 23 460
Severe calcification 8 480

Milk calcification within mammary acini is a relatively uncommon histopathological finding in dairy cows and its
occurrence has been insufficiently described in the literature. The present study demonstrates that calcified deposits
can develop within the acinar lumina even in the absence of ultrasonographically detectable changes, highlighting
the importance of histological examination for the accurate identification of this phenomenon.

The observed pattern of calcification, ranging from single small deposits to massive, lumen-filling mineralized
masses, suggests a progressive process associated with chronic alterations of the mammary gland. Mild calcification,
with preserved acinar architecture, may represent early or subclinical changes, whereas moderate and severe
calcification are associated with acinar dilatation, epithelial degeneration and structural disruption. These findings
are consistent with previous reports indicating that prolonged milk stasis, chronic inflammation and degenerative
changes of the secretory epithelium may contribute to mineral deposition within the mammary gland (Schadt, 2023;
Stanek et al., 2024).

The progressive increase in SCC observed in udder quarters (Sumon et al., 2020) with more severe calcification
indicates an association between milk mineralization and local inflammatory response. Elevated SCC values are
commonly interpreted as a marker of subclinical or chronic mastitis (Bisutti et al., 2024; Danieli et al., 2025),
suggesting that calcification may develop in chronically affected tissue or exacerbate local inflammation. This
observation aligns with the hypothesis that mechanical obstruction caused by mineral deposits may impair milk
outflow, favoring persistent inflammation and cellular infiltration.

The absence of detectable calcifications on ultrasonography emphasizes the limitations of routine imaging in
identifying mineralized deposits within the acini. While ultrasonography is effective for evaluating parenchymal
homogeneity and identifying gross structural abnormalities, small or intraluminal calcifications may remain
undetected. Therefore, histopathological examination remains the gold standard for precise characterization of milk
calcification, particularly in cows removed from production due to chronic mammary disorders.

From a practical perspective, the identification of milk calcification has implications for herd management and milk
production. Although the clinical impact of mild calcification may be limited, moderate and severe changes are
likely to compromise glandular function, reduce milk yield and increase susceptibility to inflammatory processes.
These alterations may contribute to the decision to remove affected cows from production, emphasizing the
relevance of histopathological evaluation in assessing udder health and long-term productivity.

CONCLUSION

This study provides detailed histopathological evidence of milk calcification in dairy cows excluded from production
and highlights its association with chronic epithelial degeneration and elevated SCC. The findings demonstrate that
milk calcification represents a pathological alteration of the mammary gland that may remain undetected by
ultrasonography and underscore the value of histological analysis for comprehensive assessment of udder health.
Further research is warranted to elucidate the underlying pathogenetic mechanisms and potential metabolic or
systemic factors contributing to the development of mineralized deposits within the mammary acini.
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