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Abstract

Bovine milk contains bioactive proteins and encrypted peptide sequences whose abundance
and availability may change during mammary or systemic inflammation. This narrative
review critically evaluates evidence associated with subclinical mastitis, lameness-causing
claw disorders, and periparturient metabolic disorders. Direct milk-level evidence is
strongest for mastitis: increased somatic cell count and intramammary inflammation are
generally associated with higher concentrations of milk haptoglobin, milk serum amyloid
A (including mammary-associated serum amyloid A3, when isoform-resolved), lactoferrin,
cathelicidins, and immunoglobulins, together with accelerated casein proteolysis. For
lameness and metabolic disorders, evidence is substantially weaker and derives mainly
from systemic acute-phase responses, broad milk metabolomic or compositional changes,
and mechanistic hypotheses involving blood-milk barrier permeability and protease regu-
lation. The review explicitly separates direct disease-defined milk evidence from systemic,
broad omics, and mechanistic evidence. These alterations may influence biomarker per-
formance, whereas processing consequences are best-established for mastitic milk. Their
persistence after processing and digestion, and their biological effects in human consumers,
remain largely unresolved. Future studies should combine diagnosis-specific cow health
monitoring with milk proteomics and peptidomics. They should also assess the stabil-
ity, bioaccessibility, and functionality of altered proteins and peptides during processing
and digestion.

Keywords: bovine milk; bioactive peptides; acute-phase proteins; lactoferrin; mastitis;
lameness; metabolic disorders; milk proteomics; dairy processing

1. Introduction

Bovine milk is a complex biological fluid containing intact bioactive proteins and pep-
tide sequences encrypted within caseins and whey proteins. Lactoferrin, immunoglobulins,
lysozyme, cathelicidins, acute-phase proteins (APPs), and milk-protein-derived peptides
have demonstrated antimicrobial, immunomodulatory, antioxidant, antihypertensive, or
opioid activities, primarily in biochemical, cellular, or digestion-based experimental sys-
tems [1-9]. Their relevance in dairy foods and to consumers depends on concentration,
structural integrity, processing stability, digestive release, and bioavailability [7,10-13].
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The inflammatory status of the lactating cow can alter this fraction through altered
mammary secretion, paracellular transfer across a disrupted blood-milk barrier, and acti-
vation of endogenous or leukocyte-derived proteases [14-21]. These processes can increase
immune proteins while reducing casein integrity and changing substrates available for
processing and digestion. This review therefore focuses on disease-associated changes in
milk bioactive proteins and peptides rather than on inflammation in dairy cows generally.

Mastitis provides the clearest disease model because inflammation occurs within the
mammary gland, and affected quarters can be sampled directly. Subclinical mastitis (SCM)
is defined here as a somatic cell count (SCC) > 200,000 cells/mL without visible clinical
signs [16,22,23]. Lower cut-offs of approximately 100,000-150,000 cells/mL are also used
for sensitive quarter-level screening [22,23], whereas European Union legislation specifies a
rolling geometric mean of <400,000 cells/mL over three months for raw bulk cow milk [24].
Comparisons should therefore report the sampling unit, parity, repeated-sampling scheme,
pathogen status, and diagnostic objective.

Lameness-causing claw lesions can elicit local and systemic inflammation, but disease-
specific measurements of milk bioactive proteins and peptides remain scarce [25-27]. Peri-
parturient negative energy balance, hyperketonemia, hypocalcemia, and hepatic lipidosis
can alter immune function, nutrient partitioning, and potentially milk-protein synthesis or
protease regulation [28-41]. Because these conditions often overlap and production level
varies with breed, parity, diet, region, and management, this review applies no universal
milk-yield threshold for high-producing cows [42].

The evidence base is therefore uneven: mastitis is supported by direct milk measure-
ments and challenge studies, whereas conclusions for lameness and metabolic disease rely
largely on systemic biomarkers, broad compositional changes, or mechanistic inference.
This distinction matters for health monitoring, dairy processing, and consumer relevance,
the last of which additionally requires persistence through processing and digestion and
biological activity at physiologically relevant exposure levels [7,10-13,43,44].

Figure 1 summarizes the principal routes by which inflammation may modify the
milk bioactive fraction. Active secretion, serum-protein leakage, neutrophil migration, and
protease activation can occur simultaneously, although their relative contributions differ
between intramammary and systemic disease [14-21]. The schematic represents subclinical
pathways rather than a quantitative model of overt clinical inflammation.

This review integrates evidence across mastitis, claw disorders, and periparturient
metabolic disease while explicitly classifying the directness and endpoint specificity of
the available evidence. It aims to summarize direct changes in milk bioactive proteins
and peptides during intramammary infection and SCM; evaluate comparable findings
in lameness and defined claw lesions; examine ketosis and other metabolic disorders in
relation to milk protein integrity, APPs, and peptide-generating proteases; and assess the
fate and possible functionality of these changes during processing and digestion without
extrapolating raw-milk findings directly to consumer health.
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Figure 1. Principal pathways by which subclinical inflammation may alter the bioactive protein and
peptide fraction of bovine milk. Four related mechanisms are illustrated: (i) local synthesis and apical
secretion by mammary epithelial cells (MECs), contributing lactoferrin, cathelicidins, and mammary-
associated serum amyloid A3 (M-SAA3) to milk; (ii) paracellular transfer through inflammation-
disrupted tight junctions (TJs), allowing circulating proteins, including haptoglobin, serum amyloid
A, lipopolysaccharide-binding protein, immunoglobulins, and bovine serum albumin, to enter
milk; (iii) neutrophil migration into the mammary lumen and subsequent degranulation, releasing
lactoferrin, matrix metalloproteinase-9, cathelicidins, and other leukocyte-derived components; and
(iv) activation of milk plasminogen by plasminogen activators, generating plasmin and promoting
casein degradation and the release of casein-derived peptide fragments. These pathways may occur
simultaneously, although their relative contributions vary with the cause, location, and intensity of
inflammation. The schematic represents pathways relevant to subclinical inflammatory conditions
and is not intended to quantify changes occurring during overt clinical disease. Arrows indicate the
direction of the proposed pathways or changes; 1 and | denote increases and decreases, respectively.
APPs = acute-phase proteins; BSA = bovine serum albumin; Hp = haptoglobin; IgG = immunoglobulin
G; LBP = lipopolysaccharide-binding protein; LF = lactoferrin; MEC = mammary epithelial cell;
M-Hp = milk haptoglobin; MMP-9 = matrix metalloproteinase-9; M-SAA = milk serum amyloid
A when the assay does not resolve the isoform; M-SAA3 = mammary-associated serum amyloid A3;
PA = plasminogen activator; SAA = serum amyloid A; TJ = tight junction [3,18,20,45,46].

Established milk-level findings are separated from indirect systemic evidence and
mechanistic hypotheses. This evidence-aware structure supports a One Health perspec-
tive [47] without assuming that a change detected in the cow, raw milk, or an in vitro assay
necessarily affects a processed dairy product or the human consumer.
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2. Methods

This article is a critical narrative review designed to evaluate the directness and
endpoint specificity of evidence linking mastitis, lameness-causing claw disorders, and
periparturient metabolic disorders with changes in bovine milk bioactive proteins, prote-
olytic systems, casein integrity, and peptide-related endpoints.

Relevant literature was identified through iterative, targeted searches of PubMed/
MEDLINE, Web of Science, Scopus, and CAB Abstracts. Search concepts covered three
principal domains: (i) bovine milk bioactive proteins, proteases, and peptides; (ii) mastitis,
lameness and defined claw lesions, and periparturient metabolic disorders; and (iii) milk
quality, dairy processing, gastrointestinal digestion, and potential human-health relevance.
Searches were supplemented by backward citation screening of relevant primary studies
and reviews. No publication-date restriction was applied. The literature searches were last
updated on 15 June 2026.

For the disease-focused synthesis, peer-reviewed English-language publications were
considered when they reported milk proteins, protease activity, casein integrity, defined
peptide endpoints, or broad milk-omics or compositional findings in cows with a defined
diagnosis, lesion classification, or experimental mammary challenge. Serum, plasma, tissue-
level, inflammatory, or physiological studies were included only as indirect contextual
evidence and were not interpreted as demonstrating a corresponding change in milk. Stud-
ies on processing, gastrointestinal digestion, purified proteins or peptides, experimental
animals, or human biological effects were used only to evaluate downstream stability,
bioaccessibility, or functionality. Regulatory documents, guidelines, and selected books
or book chapters were used separately for definitions, diagnostic thresholds, analytical
context, and regulatory interpretation.

Evidence directness and endpoint specificity were classified at the level of each
disease—endpoint relationship using an A-D framework. Category A denotes direct milk-
level evidence for the specified protein, protease, peptide, or explicitly defined milk end-
point from cows with a defined diagnosis or from an experimental mammary challenge.
Category B denotes relevant evidence that does not directly quantify the specified endpoint
and is further described as B—systemic, referring to serum, plasma, tissue-level, inflam-
matory, or physiological evidence, or B—milk-omics, referring to direct but broad milk
metabolomic, lipidomic, proteomic, or compositional measurements that do not quantify
the specified bioactive protein, protease, or peptide endpoint. Category C was assigned
when a specific mechanistic relationship between a disease process and the specified milk
endpoint was supported by relevant indirect or non-disease-specific evidence but still
required disease-specific milk validation. Category D was assigned when neither direct
disease-specific milk evidence nor a sufficiently specific, evidence-supported mechanistic
relationship was identified among the sources considered. Category D therefore indicates
an evidence gap rather than evidence that no change occurs.

Where different evidence types were available for the same disease—endpoint rela-
tionship, the classification reflected the most direct evidence identified, while analytical
limitations, inconsistencies, and important confounders were described in the accompa-
nying text. Mechanistic plausibility alone was not used to classify an endpoint as direct
milk-level evidence. Analytical approaches were also considered during interpretation be-
cause immunoassays, activity assays, electrophoresis, and mass spectrometry-based methods
differ in sensitivity, specificity, calibration, sample preparation, and analyte coverage.

The A-D framework describes evidence directness and endpoint specificity only
and does not constitute a formal assessment of study quality, risk of bias, consistency,
reproducibility, or overall certainty. Category A should therefore not automatically be
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interpreted as high-quality or high-certainty evidence, and category B should not be
interpreted as methodologically inferior evidence.

Because the searches were iterative and were not prospectively documented as a formal
systematic-review workflow, database-specific retrieval counts, complete pre-deduplication
records, and a formal screening log were not retained and could not be reconstructed
retrospectively with sufficient reliability. These numbers are consequently not reported.
The final reference list contains 101 unique disease-focused, methodological, regulatory, and
contextual sources cited in the manuscript. This number represents the total number of cited
sources and should not be interpreted as the number of studies selected through a formal
systematic-review screening process. No formal duplicate independent screening, risk-
of-bias assessment, or quantitative synthesis was undertaken. The restriction to English-
language disease-focused publications may have introduced language bias because relevant
dairy-cattle research is also available in German, French, Hungarian, and other languages.

3. Bioactive Proteins and Peptides in Healthy Bovine Milk
3.1. Major Bioactive Proteins

The bioactive protein fraction of bovine milk includes molecules involved in mammary
defense, neonatal immunity, and milk functionality. Lactoferrin (LF), an iron-binding gly-
coprotein, is reported at approximately 0.03-0.5 mg/mL in healthy mature individual-cow
or quarter milk, with substantial variation according to lactation stage, SCC, sampling
design, and analytical method [3,48]. It increases during mammary inflammation. It re-
stricts microbial growth by sequestering iron and by interacting with bacterial surfaces
and lipopolysaccharide; proteolysis can also release membrane-disrupting peptides such
as lactoferricin [3,43]. Interactions with viral or host-cell surfaces and the modulation of
cytokine and leukocyte activity provide mechanisms for its antiviral, anti-inflammatory,
and immunomodulatory effects [3].

Other bioactive proteins include immunoglobulins, lysozyme, cathelicidins, and acute-
phase proteins (APPs). In healthy mature quarter milk, representative values are approxi-
mately 0.2-0.5 mg/mL for IgG1 or total IgG, although the reported concentration depends
strongly on isotype, lactation stage, SCC, sampling unit, and assay [2,8,48]. By contrast,
milk haptoglobin (M-Hp) and mammary-associated serum amyloid A3 (M-SAA3) are
commonly low, undetectable, or near the assay-specific detection limit in healthy con-
trol milk in the cited experimental studies; the available data do not establish universal
healthy-milk reference intervals [14,15]. Lysozyme and cathelicidins provide antimicrobial
defense [16,49], while lipopolysaccharide-binding protein and «1-acid glycoprotein are
often near assay quantification limits [16,19]. Throughout this review, M-SAA3 denotes the
mammary-associated isoform, whereas M-SAA denotes milk serum amyloid A when the
cited assay or report does not resolve the isoform.

Reported concentrations vary with lactation stage, parity, breed, udder-health defi-
nition, sampling level, and analytical platform. Values also differ substantially according
to whether total IgG or a specific isotype is measured and whether quarter, composite, or
bulk milk is analyzed. Terms such as “low”, “undetectable”, or “near the limit of quantifi-
cation” therefore describe assay-dependent observations rather than biological absence.
Table 1 provides representative values or assay-status descriptions, together with detection
approaches reported in the cited literature. The method column summarizes approaches
used for each analyte and does not imply that every cited study used every listed platform;
study-specific protocols should be checked in the original reports.
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Table 1. Approximate concentrations or assay-status descriptions, representative detection approaches reported in the cited literature, and evidence-directness
classifications for changes in major bioactive proteins, acute-phase proteins, proteolytic markers, and peptide-related endpoints in bovine milk.

Bioactive Component

Detection Approaches
Reported in Cited Studies

Healthy Mature Milk

Subclinical Mastitis

Clinical Mastitis

Lameness/Claw Disease

Metabolic Disease

Haptoglobin (M-Hp)

ELISA; immunoturbidimetry
[14-16,50,51]

Low or near the assay-specific
detection limit in healthy control
milk; no universal reference
interval has been
established [14,15].

A: increased [14-16,50].

A: markedly
increased [14-16,50,51].

B—systemic: serum Hp may
increase in severe claw lesions, but
a lesion-specific increase in milk
has not been demonstrated [26,52].

C: an increase in milk during systemic

postpartum inflammation is plausible,

but direct disorder-specific validation
is lacking [14-16,30-32,37,38,41].

Milk serum amyloid
A/mammary-associated
serum amyloid A3
(M-SAA/M-SAA3)

ELISA; immunoassay;
immunoblot [15,16,51]

Low and assay-dependent in
healthy mature milk; no universal
reference interval has been
established [15,16].

A:increased [15,16].

A: markedly
increased [15,16,51].

B—systemic: systemic SAA
responses occur in selected lesions,
but direct lesion-specific milk
M-SAA/M-SAAS3 evidence is
lacking [26,52].

C: a milk-associated increase during
postpartum inflammation is plausible,
but direct disorder-specific validation

is lacking [15,16,30-32,37,38,41].

Lactoferrin (LF)

ELISA [48]; radial
immunodiffusion [3];
LC-MS/MS [16]

Approximately 0.03-0.5 mg/mL in
healthy mature individual-cow or
quarter milk; strongly dependent
on lactation stage, SCC, sampling
design, and analytical
method [3,48].

A:increased, although the
magnitude varies with
pathogen, SCC, and lactation
stage [3,16,48].

A:increased, with larger
responses generally
associated with more
severe mammary
inflammation [3,16,48].

D: evidence gap; no direct
disease-specific milk evidence or
sufficiently supported
endpoint-specific mechanism
was identified.

D: evidence gap; no direct
disease-specific milk evidence or
sufficiently supported
endpoint-specific mechanism
was identified.

Lipopolysaccharide-
binding protein (LBP)

ELISA; targeted
proteomics [16,49]

Detectable at low pg/mL
concentrations; assay- and
study-dependent [16,49].

A: milk concentrations differ
between uninfected and
subclinically infected quarters
in direct studies [16,49].

A: increased in naturally

acquired clinical mastitis

and after intramammary
LPS challenge [16,49].

D: evidence gap; no direct
disease-specific milk evidence or
sufficiently supported
endpoint-specific mechanism
was identified.

C: an increase during systemic
inflammation is mechanistically
plausible, but disease-specific milk
validation is lacking
[16,30-32,37-39,41,49].

al-Acid
glycoprotein (AGP)

Western blotting; radial
immunodiffusion;
anion-exchange enrichment;
immunoassay [16,51]

Below the detection limit of radial
immunodiffusion in mature milk,
but detectable using
enrichment-based or more
sensitive methods [16,51].

C: a disease-associated milk
change is plausible, but robust
targeted quantitative evidence

is insufficient [16,19,51].

C: direct quantitative
clinical-mastitis-specific
milk validation is
insufficient [16,19,51].

D: evidence gap; no direct
disease-specific milk evidence or
sufficiently supported
endpoint-specific mechanism
was identified.

C: a disease-associated milk change is
plausible, but direct disorder-specific
evidence is lacking [30-32,37,38,41].

Cathelicidins

Targeted LC-MS/MS;
immunoblot; ELISA
[16,50,53]

Not detected or present at very
low abundance in healthy quarters
in the cited immunoblot studies;
assay-dependent [16].

A: increased [16,50,53].

A: increased [16,50].

D: evidence gap; no direct
disease-specific milk evidence or
sufficiently supported
endpoint-specific mechanism
was identified.

D: evidence gap; no direct
disease-specific milk evidence or
sufficiently supported
endpoint-specific mechanism
was identified.

Lysozyme

Enzymatic lysis or activity
assay; immunoassay [16]

Low and assay-dependent;
approximately 6.9 ng/mL as
reported in the reviewed
literature [16]

A:increased in a direct study of
staphylococcal mastitis; broader
validation is limited [16].

A: increased in a direct
study of staphylococcal
mastitis; broader validation
is limited [16].

D: evidence gap; no direct
disease-specific milk evidence or
sufficiently supported
endpoint-specific mechanism
was identified.

D: evidence gap; no direct
disease-specific milk evidence or
sufficiently supported
endpoint-specific mechanism
was identified.

Immunoglobulins,
especially IgG

ELISA [8]; radial
immunodiffusion [2,48]

Approximately 0.2-0.5 mg/mL for
IgG1 or total IgG in representative
mature quarter-milk studies;
strongly dependent on isotype,
lactation stage, SCC, sampling
unit, and assay [2,8,48].

A increased in selected direct
studies, consistent with
blood-milk barrier
leakage [18-20,48].

A: increased, consistent
with pronounced barrier
disruption [18-20].

C: a barrier-mediated change is
plausible but unconfirmed
[18,20,26,52].

C: a disease-specific milk change
remains unconfirmed and is strongly
confounded by colostral transition and
concurrent mammary inflammation
[18,20,30-32,37,38,41].
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Table 1. Cont.

Bioactive Component

Detection Approaches
Reported in Cited Studies

Healthy Mature Milk

Subclinical Mastitis

Clinical Mastitis

Lameness/Claw Disease

Metabolic Disease

«-and (3-casein integrity

SDS-PAGE; HPLC;
LC-MS/MS [21,54-56]

Intact reference profile [21,54].

A: decreased through increased
proteolysis [21,54-56].

A: markedly decreased
through proteolysis
[21,54,55,57].

C: systemic inflammatory or
secondary disease-related effects
are plausible but
unconfirmed [21,26,52].

C: disease-specific changes in - and
{3-casein integrity are plausible, but
direct validation in cows with a
defined metabolic disorder is lacking.
Broad transition-period milk-proteomic
findings provide contextual rather than
disorder-specific evidence [58,59].

Plasmin activity in milk

Chromogenic or fluorometric

activity assay [17,21,54-56]

Basal activity is present and
regulated by the balance among
plasminogen, plasminogen
activators, and inhibitors; values
are assay-dependent [17,21].

A: increased [17,21,56].

A: increased [17,21,54,55].

C: a change is plausible but has
not been established for isolated
claw disease [17,21,26,52].

C: metabolic regulation is
hypothesized, but direct
disease-specific milk validation is
required [21,54,58,59].

ACE-inhibitory peptides
(VPP, IPP)

Targeted LC-MS/MS;

peptidomics; ACE-inhibition

assay [7]

No established concentration
range for free, sequence-resolved
peptides in raw milk; the relevant
sequences are primarily encrypted

within caseins and may be
released during processing or
digestion [4,5].

C: altered substrate integrity
may affect later peptide release,
but direct sequence-resolved
evidence is limited
[4,5,21,54-56].

C: extensive proteolysis
may alter later peptide
availability, but direct
evidence is limited
[4,5,21,54-57].

D: evidence gap; no direct
disease-specific milk evidence or
sufficiently supported
endpoint-specific mechanism
was identified.

C: altered casein integrity or protease
regulation may affect the subsequent
release of VPP and IPP during
processing or digestion, but no
disease-specific sequence-resolved
evidence is available [4,5,21,54,58,59].

3-Casomorphin-7 (BCM-7)

Targeted LC-MS/MS;
peptidomics [7,60-62]

No established concentration
range for free BCM-7 in raw milk;
release depends mainly on
{3-casein genotype and
digestion [60-62].

C: altered {3-casein integrity
may affect subsequent release,
but this has not been
demonstrated [21,54-56,60-62].

C: mechanistically
plausible, but direct
disease-defined evidence is
lacking [21,54-57,60-62].

D: evidence gap; no direct
disease-specific milk evidence or
sufficiently supported
endpoint-specific mechanism
was identified.

C: altered (-casein integrity may affect
subsequent BCM-7 release during
processing or digestion, but no
disease-specific sequence-resolved
evidence is available [21,54,58-62].

Note: Changes are expressed relative to healthy mature milk. Evidence-directness categories were assigned as follows: A, direct milk-level evidence for the specified protein, protease,
peptide, or explicitly defined milk endpoint from animals with a defined diagnosis or from experimental mammary-challenge studies; B, relevant evidence that does not directly quantify
the specified endpoint; C, a specific mechanistic relationship supported by relevant indirect or non-disease-specific evidence but requiring disease-specific milk validation; and D,
neither direct disease-specific milk evidence nor a sufficiently specific, evidence-supported mechanistic relationship identified. Category D indicates an evidence gap and should
not be interpreted as evidence that no disease-associated change occurs. These categories describe evidence directness and endpoint specificity only and do not represent a formal
assessment of study quality, sample size, risk of bias, consistency, reproducibility, or overall certainty. The terms “low”, “undetectable”, and “near LOQ” are assay-dependent and do not
indicate biological absence or constitute universal reference intervals. Detection approaches in the second column are representative methods reported in the cited literature for each
analyte; they do not imply that every cited study used every listed method. Where method-specific citations are shown in the second column, they identify the cited sources supporting
the listed analytical approach. Values obtained using ELISA, immunoturbidimetry, electrophoresis, activity assays, and mass-spectrometry-based methods should not be compared
directly without considering analytical sensitivity, specificity, calibration, sample preparation, and analyte coverage. The metabolic-disease column excludes normal physiological
colostral changes except where these constitute an important confounder. M-SAA is used where the assay did not resolve the isoform; M-SAA3 is used only for isoform-specific
measurements. ACE, angiotensin-converting enzyme; AGP, «1-acid glycoprotein; BCM-7, 3-casomorphin-7; ELISA, enzyme-linked immunosorbent assay; HPLC, high-performance
liquid chromatography; IgG, immunoglobulin G; IPP, Ile-Pro-Pro; LBP, lipopolysaccharide-binding protein; LC-MS/MS, liquid chromatography-tandem mass spectrometry; LOQ, limit
of quantification; M-Hp, milk haptoglobin; M-SAA, milk serum amyloid A when the assay does not resolve the isoform; M-SAA3, mammary-associated serum amyloid A3; SDS-PAGE,
sodium dodecyl sulfate-polyacrylamide gel electrophoresis; VPP, Val-Pro-Pro.
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3.2. Bioactive Peptides Derived from Milk Proteins

Bioactive sequences encrypted within caseins and whey proteins require proteolytic
release during digestion, fermentation, industrial hydrolysis, or endogenous milk proteol-
ysis [4-7,44]. Casein-derived products include the ACE-inhibitory peptides Val-Pro-Pro
(VPP) and Ile-Pro-Pro (IPP), 3-casomorphins, and immunomodulatory or antibacterial
sequences; whey proteins also yield antimicrobial, antioxidant, and immunomodulatory
peptides [4-7].

The presence of a sequence in an intact parent protein does not demonstrate a measur-
able free peptide in raw milk or predict the amount released during processing or digestion.
Table 1 therefore treats ACE-inhibitory peptides and -casomorphin-7 (BCM-7) as peptide-
related endpoints. Targeted LC-MS/MS and sequence-resolved peptidomics quantify
individual peptides, whereas ACE-inhibition assays measure the combined activity of
a peptide mixture; these endpoints are not interchangeable [7].

Peptide generation and persistence depend on the extent and specificity of proteolysis.
Plasmin preferentially cleaves (3-casein and produces y-caseins and proteose-peptone frag-
ments [17,21,54]; its activity reflects the balance among plasminogen, plasmin, activators,
and inhibitors and increases during mammary inflammation and late lactation [17,21].
Mastitis clearly increases plasmin activity and reduces casein integrity, but sequence-
resolved changes in VPP, IPP, and other defined peptides remain insufficiently documented.
Metabolic-disease-related claims concerning VPP and IPP are likewise classified as category
C because altered casein integrity or protease regulation could affect their subsequent
release during processing or digestion, although no disease-specific sequence-resolved
evidence is currently available [4,5,21,54,58,59].

BCM-7 illustrates the distinction between substrate composition and demonstrated
exposure. It can be released from Al and B (3-casein during enzymatic or gastrointestinal
digestion, whereas release from A2 (3-casein is more restricted [60-62]; the A1:A2 ratio
is determined mainly by herd CSN2 genotypes [61]. Inflammation may modify 3-casein
integrity, but no disease-defined study has shown a reproducible effect on free BCM-7 in
raw milk or its subsequent generation. Mastitis- and metabolic-disease-related BCM-7
claims therefore remain category C under the evidence-directness framework [21,54,58-62].
Lameness-related claims remain category D.

4. Effects of Mastitis on the Bioactive Protein and Peptide Profile of Milk
4.1. Intramammary Infection and Acute-Phase Protein Response

Evidence-directness summary: A for direct, endpoint-specific mastitis-associated
changes in milk acute-phase and host-defense proteins.

Mastitis is commonly associated with bacterial intramammary infection, including
Staphylococcus aureus, coagulase-negative staphylococci, Escherichia coli, and Streptococcus
spp. Mammary epithelial activation, neutrophil recruitment, increased SCC, blood-milk
barrier disruption, and local TNF-¢, IL-1§3, and IL-6 production accompany infection [18,63].
Experimental intramammary LPS challenge increased milk haptoglobin [14]. Experimen-
tally induced S. aureus mastitis increased milk haptoglobin and serum amyloid A [15].
Clinical and systematic evidence supports these proteins as adjunct biomarkers, although
performance varies with severity, bacteriological status, sampling design, and analytical
method [16,50,51].

Milk LF and cathelicidins also increase during intramammary inflammation. LF reflects
mammary epithelial secretion and neutrophil recruitment, with responses influenced by lac-
tation stage, SCC, pathogen category, and assay [3,16,48]. Cathelicidins contribute to local an-
timicrobial defense and have potential as subclinical and clinical mastitis biomarkers [16,49,50].
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These are direct milk-level findings, but their individual technological effects should be distin-
guished from the better-established consequences of mastitis-associated proteolysis.

Milk APP responses vary among pathogens, although Gram-negative and Gram-
positive categories overlap. Gram-negative or lipopolysaccharide challenges often induce
rapid, pronounced responses, while S. aureus and some coagulase-negative staphylococci
may produce lower, persistent patterns [14,15,18,22]. In natural mastitis, M-Hp, M-SAA,
and cathelicidin also vary with bacteriology, clinical severity, and systemic inflamma-
tion [50,51]; a single APP threshold is therefore unlikely to perform uniformly across
etiologies and lactation stages.

Diagnostic systems should combine repeated APP measurements with SCC, days
in milk, parity, clinical assessment, and pathogen identification. Multi-analyte panels
incorporating M-Hp, M-SAA, cathelicidins, LF, and other inflammatory proteins may be
more robust than a single marker, but require external validation across farms, platforms,
and pathogen groups [16,50]. Proteomic studies have identified additional host-response
candidates [19,49,64], which must be validated by standardized quantitative assays before
routine use.

These findings establish altered APP and host-defense protein concentrations in raw
mastitic milk, not their retention or activity after processing and digestion or any effect in
human consumers. Those evidence tiers are considered separately in Section 7 [7,10-13].

4.2. Effects on Casein Integrity and Bioactive Peptide Availability

Evidence-directness summary: A for direct, endpoint-specific evidence of mastitis-
associated activation of milk proteolytic systems and loss of casein integrity, and C for disease-
specific changes in defined bioactive peptide sequences and their biological functionality.

Mastitis activates several milk proteolytic systems. Plasmin is the principal endoge-
nous caseinolytic enzyme, while leukocytes and mammary cells contribute matrix met-
alloproteinases (MMPs) and other proteases. Experimental and disease-defined studies
show increased proteolytic or gelatinolytic activity, accelerated casein degradation, and
increased MMP-9 activity, with less-consistent MMP-2 responses [21,54-57]. These data
demonstrate reduced casein integrity but not the generation or persistence of specific
bioactive peptide sequences.

In a preclinical study, VPP and IPP reduced lipopolysaccharide-induced inflammatory
responses in cultured bovine mammary epithelial cells and showed protective effects in
an LPS-induced mouse mastitis model [65]. These results demonstrate activity under
experimental conditions but not endogenous generation at effective concentrations or
an in vivo feedback effect in dairy cows. The proposed relationship therefore remains
a category C hypothesis under the evidence-directness framework.

MMP-2 and MMP-9 act mainly on extracellular-matrix and basement-membrane sub-
strates, whereas plasmin preferentially hydrolyses caseins, especially 3-casein. Gelatinases
can facilitate leukocyte migration and barrier damage [18,56,57], thereby modifying whey-
protein transfer [18,20]. Because mastitic milk contains mammary-, leukocyte-, serum-,
and potentially pathogen-derived proteases, total proteolytic activity cannot be assigned to
a single enzyme [21,54,55,57], and MMP-2 and MMP-9 need not change in parallel [56,57].

Mastitis-associated proteolysis prolongs rennet coagulation, weakens gels, and im-
pairs cheese making by reducing intact «- and P-casein and altering micelle proper-
ties [21,54,55,66]. Effects depend on pathogen, inflammatory severity, SCC, lactation stage,
initial casein composition, and the proportion of affected milk in the bulk tank [55,66,67]. Al-
though peptide fragments and proteose-peptone fractions may increase, sequence-resolved
evidence remains too limited to infer a reproducible or beneficial bioactive peptide pro-
file [55].
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4.3. Subclinical Mastitis: Magnitude of Changes

Evidence-directness summary: A for direct, endpoint-specific subclinical-mastitis-
associated changes in milk acute-phase and host-defense proteins, although the magnitude
and diagnostic performance of individual markers vary with pathogen, sampling design,
lactation stage, and analytical method.

SCM is defined here as SCC > 200,000 cells/mL without visible udder or milk abnor-
malities [16,22,23]. Lower thresholds of approximately 100,000-150,000 cells/mL may be
used for sensitive quarter-level screening, while the European Union bulk-milk criterion
is a rolling geometric mean of <400,000 cells/mL over three months [24]. Studies should
report the sampling level, single or repeated measurement, and bacteriological or molecular
confirmation because these choices affect prevalence, effect size, and diagnostic performance.

Direct milk studies show that SCM can increase M-Hp, M-SAA, cathelicidins, and
sometimes LF [16,50,53], while altering serum-derived proteins, casein fractions, and
protease activity [53,56]. The magnitude is heterogeneous because pathogens, duration,
inflammatory intensity, SCC, and lactation stage differ among cows and studies; elevated
SCC therefore does not imply a uniform response in every bioactive protein.

Pathogen-defined SCM studies have identified host-defense and casein-associated
changes. Streptococcus agalactiae-associated SCM was linked to an altered protein profile
and cathelicidin-1 abundance was associated with SCC [53], and naturally occurring SCM
has been associated with altered composition and MMP-9 activity [56]. Clinical mastitis
and experimental E. coli proteomic studies [19,64] provide mechanistic context but not
direct estimates of changes in natural SCM.

Biomarker performance is assay- and study-specific. In one quarter-level study, hap-
toglobin showed sensitivity 0.92 and specificity 0.94, cathelicidin 0.83 and 0.97, and M-SAA
0.65 and 0.76, respectively [50]. Haptoglobin and cathelicidin also varied with bacteriologi-
cal findings [50], indicating that optimal thresholds may differ among pathogens.

Pathogen dependence complicates universal mastitis detection: thresholds suited
to strong neutrophilic responses may miss persistent low-grade infections, while lower
thresholds may lose specificity in late lactation, systemic inflammation, or bacteriologically
negative high-SCC quarters. Studies should report pathogen distribution, days in milk,
parity, sampling level, assay platform, and the SCM reference definition. Repeated mea-
surements interpreted with SCC and microbiology are more defensible than a universal
cut-off [16,50].

Multi-analyte panels may improve discrimination, but superiority over individual
markers has not been validated consistently across independent herds and platforms.
Prospective external validation, standardized assays, repeatability testing, and clearly
defined quarter-level infection status are required before use in automated milking systems.
Bulk-tank SCC can dilute signals from a few affected quarters, so specific protein biomarkers
should be validated at cow or quarter level [16,23,50].

SCM studies establish altered raw-milk protein concentrations and profiles, not struc-
tural retention after processing and digestion or beneficial or adverse effects in consumers.
These later evidence levels are addressed in Section 7.

5. Effects of Lameness and Claw Disorders on Milk
Bioactive Components

5.1. Systemic Inflammatory Responses Associated with Lameness-Causing Claw Disorders

Evidence-directness summary: B—systemic for lesion-associated systemic inflamma-
tory responses and C-D for disease-specific changes in milk bioactive proteins and peptides.
Lameness is a clinical sign with diverse causes, most commonly digital dermatitis, sole
ulcer, white line disease, heel horn erosion, and laminitis [25,68]. Lesions differ in etiology
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and inflammatory intensity. Serum Hp and SAA can increase with claw pathology [26,52];
acute laminitis and sole ulcer produced the largest responses in one lesion-specific study,
digital dermatitis a moderate response, and heel horn erosion or white line separation no
significant change [52]. These findings demonstrate systemic inflammation in selected
lesions, not corresponding milk changes.

Longitudinal studies have detected altered circulating innate-immunity reactants
before clinical lameness [27]. However, transition-period physiology, negative energy
balance, concurrent metabolic disease, and later claw lesions may contribute simultaneously.
Such data therefore support an association with systemic inflammation, not a direct effect
of an isolated lesion on the milk bioactive profile.

Most evidence derives from serum, plasma, or claw tissue. Hp and SAA are nonspecific
and also increase with mammary, uterine, respiratory, gastrointestinal, and metabolic
disease [69]. Systemic APP elevation in a lame cow cannot therefore be assumed to
increase milk Hp, M-SAA, LF, cathelicidins, or peptides, and any milk change requires
the exclusion of intramammary and other inflammatory disease. Proposed links through
barrier permeability, serum transfer, nutrient partitioning, or mammary proteases remain
mechanistic hypotheses.

Disease-specific milk studies are scarce. Stronger designs should combine standard-
ized lesion classification with repeated quarter-level SCC, culture or PCR, exclusion of
current or recent mastitis, and adjustment for days in milk, parity, yield, body condition,
feed intake, blood p-hydroxybutyrate (BHBA), non-esterified fatty acids (NEFAs), medica-
tion, and postpartum disease. Longitudinal serum and milk sampling before diagnosis, at
detection, after treatment, and during recovery, together with targeted protein, casein, plasmin,
proteomic, and peptidomic measurements, would test whether a reproducible claw-disease-
specific milk signature exists. Table 2 summarizes the available lesion-level evidence.

5.2. Milk Metabolomic and Lipidomic Evidence in Lame Cows

Evidence-directness summary: B—milk-omics for broad metabolomic and lipidomic
measurements in milk from selected lameness-classified cohorts, because these studies do
not directly quantify the specified bioactive protein or peptide endpoints; C-D for lesion-
specific changes in bioactive proteins, protease systems, or defined peptide sequences.

Direct milk-level omics studies demonstrate broad signatures, but they do not provide
endpoint-specific evidence for the bioactive proteins and peptides reviewed here. Untar-
geted dried-milk-spot analysis distinguished lame from non-lame cows using lipid and
small-metabolite signals, with phosphatidylglycerol (PG) 35:4 identified as a candidate
marker based on internal validation [70]. First-lactation milk lipidomics also identified sig-
nals associated with subsequent lameness and onset [71]. These studies demonstrate broad
metabolomic or lipidomic differences, not changes in APPs, LF, cathelicidins, casein-derived
peptides, or other defined protein endpoints.

Most milk-omics studies classified cows by mobility or later lameness status without
consistently identifying the responsible lesion or excluding SCM. Signatures may therefore
reflect pain, reduced intake, energy balance, lactation stage, medication, yield, or concurrent
disease. A scoping review likewise found that most lameness biomarker studies examined
serum or plasma rather than milk [72].

Available claw-lesion studies measured APPs in serum rather than milk [26]. They
support lesion-associated systemic inflammation but not increased milk haptoglobin. Dis-
tinguishing a systemic claw effect from secondary mammary inflammation requires lesion-
specific diagnosis, repeated quarter-level SCC, culture or PCR, exclusion of current or
recent mastitis, and simultaneous serum and milk sampling.
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Days in milk, parity, yield, body condition, feed intake, BHBA, NEFA, medication,
and postpartum disorders should be controlled by matching, exclusion, or multivariable
analysis. Longitudinal sampling and targeted assays for M-Hp, M-SAA, LF, cathelicidins,
casein integrity, plasmin, and sequence-resolved proteomics or peptidomics would provide
stronger causal evidence.

Lameness-related pain and behavioral change can reduce feeding and milk produc-
tion [73-75], but these studies do not demonstrate altered casein-to-whey ratio, proteolysis,
or a peptide profile. Production, metabolomic, and lipidomic changes should therefore be
distinguished from targeted evidence for bioactive proteins and peptides.

Table 2. Systemic acute-phase responses associated with selected claw disorders and availability of

direct milk-level evidence.

Sample Matrix and

Direct Milk

Evidence-Directness

Claw Disorder Systemic Inflammatory Evidence Principal Endpoints Bioactive Evidence Category References
Serum Hp and SAA increases have No lesion-specific B—systemic (serum); D for
Dicital dermatitis been reported, but responses are Serum; Hp and milk APP, proteomic, s ecif}i]e d lesion-spect flic milk [52,76]
& generally lower and less consistent SAA immunoassays or peptidomic lZn dpoints (evi dgnce ap) o
than for sole ulcer or acute laminitis study identified P &ap)-
Consistent systemic inflammator; No direct milk APP or
- el Y 4 Serum; Hp, SAA, IL-6, bioactive protein B—systemic (serum); D for
Sole ul response; elevated SAA may persist d clinical ti ified lesion- ific milk 26,5276
ole ulcer for at least two weeks after and clinica measurement in specified lesion-specific mil [26,52,76]
. . inflammatory measures mastitis-free cows endpoints (evidence gap).
diagnosis or treatment identified
s Serum APP responses are low or . . B—systemic (serum); D for
dise:;g‘/lzz h;; tion inconsistent and have not differed Serum; Hp and SAA g;is;éiit$2§ specified lesion-specific milk [52,76]
P from controls in some studies endpoints (evidence gap).
. Ma'rked serum Hp an.d SAA Serum; Hp and No direct milk B_.SYSteml.C (serum} ;.D f(?r
Acute laminitis increases reported in a SAAELISA data identified specified lesion-specific milk [52]
lesion-specific cross-sectional study endpoints (evidence gap).
Minimal or no significant serum Hp B—systemic (limited serum
Heel horn erosion and SAA response relative to Serum; Hp and No direct milk evidence); D for specified [52]

controls in the available
lesion-specific study

SAA ELISA

data identified

lesion-specific milk
endpoints (evidence gap).

Note: Hp and SAA findings are derived from serum measurements and should not be interpreted as evidence
that the corresponding proteins increase in milk. Study-to-study comparisons are limited by differences in
lesion definition, severity, sampling time, treatment status, analytical method, lactation stage, and control
of concurrent disease. No study identified in this review simultaneously confirmed a specific claw lesion,
excluded intramammary infection using repeated quarter-level testing, and quantified the corresponding milk
APP, proteomic, or peptidomic response. APP = acute-phase protein; ELISA = enzyme-linked immunosorbent
assay; Hp = haptoglobin; IL-6 = interleukin-6; SAA = serum amyloid A.

5.3. Implications for the Milk Bioactive Protein and Peptide Fraction

Evidence-directness summary: C for a possible relationship between claw disease and
the milk bioactive fraction, and D for lesion-specific changes in individual milk bioactive
proteins or defined peptide sequences.

Current evidence does not show that isolated lameness or a specific claw lesion
reproducibly changes milk haptoglobin, M-SAA, LEF, cathelicidins, plasmin, casein integrity,
or defined peptides. Broad milk metabolomic and lipidomic differences [70,71] should not
be interpreted as altered bioactive protein or peptide availability, and no direct evidence
supports increased LF or cathelicidins in mastitis-free claw disease.

The main implication is methodological. Standardized lesion diagnosis should be
combined with repeated quarter-level udder-health testing, metabolic profiling, and simul-
taneous serum and milk sampling. Targeted immunoassays, casein and protease measure-
ments, and LC-MS/MS proteomics or peptidomics could distinguish a true claw-disease-
associated response from mastitis, reduced intake, negative energy balance, medication, or
lactation stage.

Any raw-milk difference would require separate technological evaluation through
standardized processing, with measurements of residual proteins, peptide sequences,
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coagulation, and proteolysis. Until then, claw-disease-associated changes should not be
described as improving or impairing dairy-product bioactivity.

Claw-lesion prevention and treatment clearly benefit welfare and productivity [73-75].
Automated lameness detection may facilitate longitudinal study-animal identification [77,78],
but molecular milk benefits remain unproven. Herd-level interventions should therefore
link hoof-health records with repeated milk APP, protease, proteomic, and peptidomic
measurements before welfare improvements are associated with bioactive milk quality.

6. Effects of Periparturient Metabolic Disorders on Milk
Bioactive Components

6.1. Transition-Period Inflammation

Evidence-directness summary: B—systemic for transition-period inflammatory re-
sponses, B—milk-omics for broad milk changes associated with energy balance and lac-
tation stage, and C-D for changes in specified bioactive proteins, protease systems, and
peptide endpoints attributable to a defined metabolic disorder.

The transition period involves coordinated metabolic, endocrine, and immune adap-
tation [30,33,35,38,41]. Negative energy balance, NEFA mobilization, hyperketonemia,
hypocalcemia, hepatic lipid accumulation, and postpartum inflammation frequently over-
lap, limiting attribution of a milk protein or peptide change to one disorder.

Milk proteomic and metabolomic studies show broad changes with energy balance and
lactation stage [58,59], but do not establish that an isolated transition disorder specifically
alters M-Hp, M-SAA, LF, cathelicidins, casein-derived peptides, or other defined bioactive
components. Oxidative stress is therefore treated as a modifier of inflammatory, secretory,
and proteolytic pathways rather than as a milk bioactive component.

Serum Hp and SAA frequently increase in cows developing postpartum disease, and
sustained inflammation is associated with poorer production and reproduction [36-38,79].
Direct evidence for milk APP changes caused by systemic transition inflammation inde-
pendently of intramammary disease remains limited; intramammary challenge models
demonstrate mammary responses rather than isolated systemic effects.

‘Excessive’ and ‘prolonged’ inflammation require separate operational definitions
because no universal serum Hp or SAA cut-off is transferable across analytical platforms,
herds, and postpartum sampling days [37,38]. Excessive inflammation may be defined
using assay- and population-specific upper reference limits or prospectively specified
high-response categories; for example, serum Hp > 100 pg/mL at one-week postpartum
was used to define a high-Hp group in one cohort [79], but this value should not be
interpreted as a universal threshold. Longitudinal profiles across the periparturient period
are more informative than isolated measurements for identifying a persistent inflammatory
response [37,38]. Accordingly, prolonged inflammation may be operationalized in future
studies as Hp and/or SAA remaining above the study-specific reference interval at two
or more consecutive postpartum sampling points or failing to decline over a prespecified
period. Because validated universal duration and concentration thresholds are unavailable,
studies should report the assay, sampling days, reference population, and the exact criteria
used for both magnitude and persistence.

Early-lactation milk APPs may contribute to multi-disease monitoring, although their
lack of organ specificity limits interpretation [16,50,69]. Elevated milk Hp or M-SAA may
reflect mammary inflammation, systemic disease, colostral transition, or combinations
thereof and should be interpreted with repeated quarter-level SCC, udder-health testing,
days in milk, parity, and metabolic biomarkers.
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6.2. Ketosis and Milk Bioactive Composition

Evidence-directness summary: B—milk-omics for broad disease-defined milk meta-
bolomic changes, because these untargeted data do not directly quantify the specified
bioactive protein or peptide endpoints; C-D for ketosis-specific alterations in individual
bioactive proteins, protease systems, and defined peptide sequences.

Hyperketonemia is commonly defined as blood BHBA > 1.2 mmol/L in early lacta-
tion [40,80]. Disease-defined studies show plasma and milk metabolomic differences in
subclinical and clinical ketosis [80], but these do not establish a characteristic change in
M-Hp, M-SAA, LE, cathelicidins, plasmin, or defined bioactive peptides.

Milk proteomic patterns also vary with energy balance and lactation stage [58,59], but
are influenced by days in milk, diet, yield, dry-period length, and normal early-lactation
physiology. They provide contextual evidence rather than proof of a ketosis-specific
bioactive protein profile.

Hyperketonemia and elevated NEFA can impair immune-cell function and increase
susceptibility to intramammary infection [41,81]. Milk APP or proteolytic changes in
ketotic cows may therefore be indirect, and udder health should be confirmed at every
sampling point.

Ketosis has not been shown to independently activate the milk plasmin system. A pos-
sible metabolic regulation of the milk plasmin system has been proposed, but it has not been
validated specifically in ketotic dairy cows [21,54,82]; it should therefore remain a category
C hypothesis under the evidence-directness framework.

Verification requires longitudinal measurements of blood BHBA and NEFA; quarter-
level SCC and bacteriology; milk APPs and host-defense proteins; plasmin-system com-
ponents and casein degradation products; and sequence-resolved peptides. Controls
should be matched for parity, days in milk, yield, diet, and body condition. Until then,
defined protein, protease, and peptide effects remain category C or D under the evidence-
directness framework.

6.3. Other Periparturient Metabolic Disorders

Evidence-directness summary: B—systemic for systemic physiological and inflamma-
tory effects, and C-D for disease-specific changes in milk bioactive proteins and peptides.

Subclinical hypocalcemia can impair immune-cell function and increase susceptibility
to mastitis, metritis, and displaced abomasum [34,83]. These secondary disorders may
affect milk APPs or barrier permeability, but direct milk bioactive protein and peptide
studies in isolated, mastitis-free hypocalcemia are lacking. Calcium status is therefore an
upstream modifier and confounder rather than a confirmed direct determinant.

Fatty liver and impaired hepatic function alter nutrient partitioning, endotoxin han-
dling, and systemic acute-phase responses [32,33,37], yet disease-specific milk proteomic
or peptidomic evidence is sparse. Displaced abomasum is similarly confounded by re-
duced intake, hyperketonemia, inflammation, treatment, and other postpartum disease.
No characteristic milk bioactive signature is established for these disorders.

Future studies should define diagnostic groups prospectively, report overlap among
metabolic and inflammatory disorders, and combine repeated milk sampling with quarter-
level udder-health testing, targeted APP and host-defense assays, casein and plasmin
measurements, and proteomics or peptidomics. This would separate disease-specific effects
from normal colostral and early-lactation changes.

The main limitation is the shortage of direct milk studies with strict diagnoses and
control of concurrent disease. Accordingly, most disorder-specific effects are classified as
category C or D under the evidence-directness framework in Table 1.
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6.4. Nutritional Modulation: Relevance to Milk Bioactive Components

Evidence-directness summary: B—systemic for systemic inflammatory and metabolic
responses, and C-D for milk bioactive protein and peptide outcomes.

Plant-derived feed additives are included only as intervention models. A parallel
change in systemic inflammation and independently measured milk APPs, host-defense
proteins, protease activity, or peptide profiles would strengthen evidence linking systemic
inflammation with the milk bioactive fraction.

Curcumin, carnosic acid, cinnamaldehyde, eugenol, and related compounds can
modify circulating inflammatory or metabolic indicators [84], but most studies have not
measured corresponding milk APPs, LF, cathelicidins, casein integrity, plasmin, or defined
peptides. They therefore demonstrate systemic intervention effects rather than improved
milk bioactive quality.

Current evidence does not support claims that phytogenic supplementation improves
the technological, functional, or consumer-health properties of milk. Future trials should
measure blood and milk endpoints concurrently and assess transfer of phytogenic com-
pounds or metabolites, sensory effects, and processing consequences [84-86].

7. Fate and Functionality of Inflammation-Associated Milk Proteins
and Peptides

7.1. Impact on Processing Quality and Dairy Product Functionality

Evidence-directness summary: A for directly demonstrated processing consequences
of mastitic milk, including bacteriologically characterized subclinical mastitis, and D for
comparable effects attributed specifically to isolated lameness or metabolic disease.

Technological consequences are best established for mastitic milk. Increased plasmin
and leukocyte-derived proteases accelerate casein degradation and increase the release of
endogenous peptide fragments [21,54-57,87,88]. These changes can impair rennet coagula-
tion, gel formation, cheese-making performance, and shelf-life stability [66,67,89-92]. In
a recent study of bacteriologically characterized milk from clinically healthy cows, major
mastitis pathogens were associated with prolonged clotting time and poorer curd and whey
quality, although curd yield was not significantly altered [89]. The magnitude and nature
of these effects depend on pathogen category, inflammatory severity, SCC, lactation stage,
milk composition, and the proportion of affected milk entering the bulk tank.

Mastitis also changes the whey-protein fraction and increases inflammatory and
host-defense proteins [19,49,64]. However, the individual technological effects of LF or
cathelicidins have not been separated adequately from mastitis-associated proteolysis,
altered mineral balance, and reduced casein integrity. Direct studies using disease-relevant
concentrations in appropriate dairy matrices are required before specific effects on starter
cultures, coagulation, or product quality can be inferred.

Comparable processing effects have not been demonstrated for isolated lameness,
ketosis, hypocalcemia, or other metabolic disorders. General systemic, compositional,
metabolomic, or transcriptomic differences are insufficient to infer changes in coagulation,
cheese yield, fermentation, or shelf life.

7.2. Processing Stability and Gastrointestinal Bioaccessibility

A disease-associated change is relevant to consumer exposure or downstream bio-
logical functionality only if the altered protein or peptide remains present, structurally
intact, and biologically active after processing. Heat can denature, aggregate, or reduce the
solubility and activity of immunoglobulins, LF, and other immune proteins, depending on
temperature-time conditions, concentration, and food matrix [10].
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Short peptides are generally less susceptible to heat-induced unfolding than intact
proteins, although they may be generated, modified, aggregated, or degraded during
processing and digestion [7,11-13,62,93]. Thus, a higher concentration in raw milk does
not imply a proportional increase in a finished product, in the gastrointestinal tract, or at
the site of biological action.

Microbial and endogenous proteases generate product-specific peptide profiles dur-
ing fermentation and ripening. Pre-existing casein degradation in mastitic milk may
alter the available substrate, but the outcome depends on product type, starter culture,
coagulation conditions, ripening time, initial protein composition, and the extent of prote-
olysis [11-13,62,91,93].

Robust studies should compare healthy and diagnosis-defined milk through standard-
ized pasteurization, UHT treatment, fermentation, cheese making, storage, and in vitro
digestion. Residual intact proteins, sequence-resolved peptides, bioaccessibility, and func-
tional activity should be measured at physiologically relevant concentrations. Without this
experimental chain, processing and digestion remain major discontinuities between bovine
disease and consumer exposure.

7.3. Three-Tier Evidence Chain and One Health Interpretation
7.3.1. Tier 1—Alteration in Raw Milk

Mastitis directly increases selected APPs and host-defense proteins, disrupts the blood-milk
barrier, activates proteases, and reduces casein integrity [14-16,18,19,50,51,53,55-57,87,94]. APPs
are established biomarkers of infection and inflammation, although they are not organ-
or disease-specific and must be interpreted together with clinical, microbiological, and
milk-level information [69]. SCC-associated LC-MALDI-MS/MS findings also demonstrate
increased endogenous peptide release and proteolysis in milk [88].

Selected lameness- and ketosis-classified populations show milk metabolomic or
lipidomic differences [70,71,80], but targeted milk protein and peptide evidence remains
sparse for isolated claw and metabolic disorders. Lameness studies demonstrate a sub-
stantial disease burden and periparturient changes in hoof-support structures [68,95-97],
whereas experimental ketosis and transition-period studies demonstrate hepatic metabolic-
network and systemic oxidative-stress alterations [35,98]. These systemic findings provide
biological context but do not establish corresponding changes in the milk bioactive protein
or peptide fraction.

7.3.2. Tier 2—Retention During Processing and Digestion

The stability and digestive behavior of bovine milk proteins and peptides have been
studied in healthy milk, colostrum, purified systems, and dairy products [7,10-13,62,91,93],
but few studies begin with diagnosis-defined milk. The fraction of disease-associated
M-Hp, M-SAA, LE, cathelicidins, or peptide fragments remaining intact, bioaccessible, and
active is therefore largely unknown.

7.3.3. Tier 3—Biological Effects in Human Consumers

Purified or isolated milk-derived proteins and peptides, including lactoferricin and
lactoferrin, show antimicrobial or antiviral activity in experimental systems [3,43]. However,
these studies do not establish biological effects from consuming milk produced during
bovine disease. No adequate human intervention evidence links disease-associated changes
in milk with beneficial or adverse consumer outcomes; elevated disease-associated proteins
should therefore not be presented as improving consumer health.

A One Health perspective remains valuable when the three tiers are kept separate.
Mastitis prevention, claw-health management, and transition-cow monitoring benefit ani-
mal welfare, production management, and farm economics [73,75,79,99]. Clinical mastitis
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may also impair reproductive performance, particularly when pathogen-specific episodes
occur shortly before or after insemination [86]. These animal-health and production ben-
efits are compatible with a One Health perspective [47], independently of any unproven
nutritional effect in consumers.

Integrated health records, SCC, milk APPs, protease assays, sensor-derived data,
proteomics, peptidomics, and appropriately validated machine-learning methods may
improve disease detection and processing-quality control and support the longitudinal
evaluation of downstream functionality [77,78,100,101]. However, improvements in cow
health or disease-associated changes in raw milk should not be interpreted as evidence of a
more beneficial protein or peptide profile for human consumers unless all three evidence
tiers are demonstrated: alteration in raw milk, retention and bioaccessibility after processing
and gastrointestinal digestion, and a biological effect in human consumers.

8. Conclusions and Future Perspectives

Mastitis produces the most consistent and directly measured changes in the bioactive
protein and peptide-related fraction of bovine milk. Intramammary inflammation increases
acute-phase and host-defense proteins, disrupts the blood-milk barrier, activates proteolytic
systems, and reduces casein integrity. By contrast, evidence for lameness and periparturient
metabolic disorders remains dominated by systemic biomarkers, broad milk-composition
or omics changes, and mechanistic inference. Disease-specific effects on milk bioactive
proteins and peptides therefore require confirmation in studies using clearly defined
diagnoses and rigorous control for concurrent mastitis.

Key research gaps include lesion-specific milk proteomics and peptidomics in lame
cows without concurrent intramammary infection; prospective comparisons of ketosis,
hypocalcemia, fatty liver, displaced abomasum, and other transition disorders; harmoniza-
tion of analytical methods and detection-limit reporting; and tracking of disease-associated
proteins and sequence-resolved peptides through dairy processing, gastrointestinal di-
gestion, and functional testing. Human-health interpretations require completion of all
three evidence tiers: alteration in raw milk, retention and bioaccessibility after processing
and digestion, and biological effects at physiologically relevant exposure levels. Until
this evidence chain is complete, neither beneficial nor adverse consumer-health effects
should be inferred. Table 3 summarizes the principal evidence gaps and the study designs
recommended to address them.

Future research should prioritize longitudinal, diagnosis-specific cohorts with repeated
quarter- and cow-level milk sampling; standardized lesion and metabolic diagnoses; SCC
and microbiological testing; and integrated APP, protease, proteomic, and peptidomic
analyses. Parallel processing and digestion studies are required to determine which disease-
associated changes remain bioaccessible and functional, without conflating cow-level
inflammation, raw-milk composition, and human-health effects.
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Table 3. Evidence gaps and recommended study designs for investigating inflammation-associated changes in the bioactive protein and peptide profile of bovine milk.

Research Area

Current Evidence

Main Limitation

Recommended Study Design

Mastitis and
intramammary
infection

Best-documented category. Subclinical and clinical mastitis increase milk
APPs (Hp, SAA), host-defense proteins, blood-milk barrier permeability,
SCC, and endogenous protease activity [14-16,18,19,22,49,64].
SCC-associated peptidomic evidence additionally demonstrates
increased generation of casein-derived fragments, without necessarily
identifying increased concentrations of defined bioactive peptide
sequences [87,88].

Heterogeneity related to pathogen, lactation stage,
SCC threshold, quarter-level versus cow-level
sampling, analytical method, and disease severity.

Longitudinal quarter-level studies combining pathogen
identification, SCC, milk APPs, lactoferrin, cathelicidins,
plasmin and MMP activity, proteomics, peptidomics, and
processing-quality testing.

Lameness and
claw disorders

Lesion-associated systemic acute-phase responses are documented, and
selected lameness-classified cohorts show broad milk metabolomic or
lipidomic differences [26,27,70,71]. However, these findings do not
directly quantify lesion-specific milk bioactive proteins, protease systems,
or defined peptide sequences. Direct targeted evidence for changes in the
milk bioactive protein and peptide fraction remains sparse.

Few studies quantify milk bioactive proteins in
cows with well-characterized claw lesions while
controlling for concurrent mastitis, parity, lactation
stage, metabolic status, feed intake, and treatment.

Prospective, claw-lesion-specific longitudinal cohort studies
using locomotion scoring; diagnosis during professional
claw trimming; repeated quarter-level SCC measurements;
bacteriological culture or PCR to exclude concurrent
intramammary infection; serum APP assays; and targeted
milk proteomics and peptidomics.

Ketosis and other
periparturient
metabolic disorders

Systemic and hepatic evidence is substantial, including
ketosis-associated alterations in hepatic metabolic and signaling gene
networks and transition-period changes in oxidative status [35,98].
However, direct disease-specific evidence for individual milk proteins,
protease systems, and peptide sequences remains limited [40,58,59,80].
Ketosis has the most data; hypocalcemia, fatty liver, and displaced
abomasum remain poorly characterized at the targeted milk-protein
and peptide level.

Confounding by early lactation, parity, diet, milk
yield, concurrent mastitis, and overlap among
metabolic disorders.

Prospective longitudinal studies with predefined diagnostic
criteria and explicit reporting of disease overlap; repeated
SCC and bacteriological testing; and parallel measurement

of BHBA, NEFA, calcium, liver indicators, milk APPs,
protease activity, proteomics, and peptidomics.

Processing and
dairy-product
functionality

Mastitis-associated proteolysis impairs casein integrity, rennet
coagulation, gel formation, cheese-making performance, and shelf-life
stability [21,54-56,66,67,89-92].

Most studies do not link animal-health status, milk
bioactive proteins, protease activity, and
technological outcomes within the same

experimental design.

Integrated studies linking diagnosis-specific animal-health
data and raw-milk proteomic profiles with standardized
processing conditions, rennet-coagulation properties, cheese
yield, shelf-life stability, and sequence-resolved
peptide profiles.

Human-health
relevance

No direct human-health evidence links disease-associated milk changes
with consumer outcomes. Upstream evidence demonstrates altered
protein concentrations and proteolysis in raw mastitic milk [14-16,19,64],
whereas separate experimental studies report biological activities of
purified proteins, peptides, or conventional dairy products
[1,4-6,9,43,44]. Few studies have tracked disease-associated changes
through processing and digestion.

Evidence is discontinuous across three tiers:
alteration in raw milk, retention and bioaccessibility
after processing and digestion, and biological effects
in human consumers. Detectability or activity in an

isolated experimental system does not establish
consumer exposure or health effects.

Studies beginning with milk from cows of clearly defined
health status, followed by standardized processing,
simulated gastrointestinal digestion, quantitative protein
and peptide analysis, physiologically relevant cell-based
assays, microbiome-interaction assays, and, only where
justified, human intervention studies.

Precision livestock
farming and

Automated SCC, lameness, metabolic, and real-time milk-composition
monitoring can support diagnosis-specific animal selection and
longitudinal sampling [77,78,100,101]. These tools do not directly

Lack of large-scale herd-level datasets linking
automated health records with validated milk
protein and peptide biomarkers and downstream

Large-scale longitudinal herd studies integrating automated
milking and sensor data, disease records, repeated milk
sampling, validated biomarker panels, proteomics and

herd-level monitoring establish changes in milk bioactive proteins or peptides. processing outcomes. peptidomics, and dairy-processing endpoints.

APP = acute-phase protein; BHBA = f3-hydroxybutyrate; Hp = haptoglobin; MMP = matrix metalloproteinase; NEFAs = non-esterified fatty acids; PCR = polymerase chain reaction;
SAA = serum amyloid A; SCC = somatic cell count. This table distinguishes areas with strong direct milk-level evidence, particularly mastitis, from areas in which current knowledge is
based mainly on systemic inflammatory evidence, broad omics findings, mechanistic plausibility, or limited disease-specific milk data.
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Abbreviations

The following abbreviations are used in this manuscript:

Abbreviation Definition

ACE angiotensin-converting enzyme

AGP al-acid glycoprotein

APP acute-phase protein

BCM-7 [3-casomorphin-7

BHBA B-hydroxybutyrate

BSA bovine serum albumin

CSN?2 [3-casein-encoding gene

ELISA enzyme-linked immunosorbent assay
HPLC high-performance liquid chromatography
Hp haptoglobin

IeG immunoglobulin G

IL-13 interleukin-1f3

IL-6 interleukin-6

IPP Ile-Pro-Pro

LBP lipopolysaccharide-binding protein
LC-MS/MS liquid chromatography—tandem mass spectrometry

LC-MALDI-MS/MS

liquid chromatography-matrix-assisted laser desorption/ionization tandem
mass spectrometry

LF lactoferrin

LOQ limit of quantification

LPS lipopolysaccharide

MEC mammary epithelial cell

MEDLINE Medical Literature Analysis and Retrieval System Online
M-Hp milk haptoglobin

M-SAA milk serum amyloid A when the assay does not resolve the isoform
M-SAA3 mammary-associated serum amyloid A3

MMP matrix metalloproteinase

MMP-2 matrix metalloproteinase-2

MMP-9 matrix metalloproteinase-9

NEFA non-esterified fatty acid

PA plasminogen activator

PCR polymerase chain reaction

PG phosphatidylglycerol

Plg plasminogen
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SAA serum amyloid A
SCC somatic cell count
SCM subclinical mastitis
SDS-PAGE sodium dodecyl sulfate—polyacrylamide gel electrophoresis
TJ tight junction
TNEF-« tumor necrosis factor-o
UHT ultra-high-temperature treatment
VPP Val-Pro-Pro
References
1. Meisel, H. Overview on milk protein-derived peptides. Int. Dairy J. 1998, 8, 363-373. [CrossRef]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Larson, B.L. Immunoglobulins of the mammary secretions. In Advanced Dairy Chemistry; Fox, P.F., Ed.; Springer: Boston, MA,
USA, 1992; Volume 1, pp. 231-254.

Farnaud, S.; Evans, R.W. Lactoferrin—A multifunctional protein with antimicrobial properties. Mol. Immunol. 2003, 40, 395-405.
[CrossRef] [PubMed]

Meisel, H.; FitzGerald, R.J. Biofunctional peptides from milk proteins: Mineral binding and cytomodulatory effects. Curr. Pharm.
Des. 2003, 9, 1289-1295. [CrossRef] [PubMed]

Fitzgerald, R.J.; Murray, B.A. Bioactive peptides and lactic fermentations. Int. ]. Dairy Technol. 2006, 59, 118-125. [CrossRef]
Pellegrini, A. Antimicrobial peptides from food proteins. Curr. Pharm. Des. 2003, 9, 1225-1238. [CrossRef] [PubMed]

Nielsen, S.D.-H.; Liang, N.; Rathish, H.; Kim, B.J.; Lueangsakulthai, J.; Koh, J.; Qu, Y.; Schulz, H.-].; Dallas, D.C. Bioactive milk
peptides: An updated comprehensive overview and database. Crit. Rev. Food Sci. Nutr. 2024, 64, 11510-11529. [CrossRef]
[PubMed]

Stelwagen, K.; Carpenter, E.; Haigh, B.; Hodgkinson, A.; Wheeler, T.T. Inmune components of bovine colostrum and milk.
J. Anim. Sci. 2009, 87, 3-9. [CrossRef] [PubMed]

Korhonen, H.J. Bioactive milk proteins and peptides: From science to functional applications. Aust. ]. Dairy Technol. 2009,
64,16-25.

Chatterton, D.E.W.; Aagaard, S.; Hansen, T.H.; Nguyen, D.N.; De Gobba, C.; Lametsch, R.; Sangild, P.T. Bioactive proteins in
bovine colostrum and effects of heating, drying and irradiation. Food Funct. 2020, 11, 2309-2327. [CrossRef] [PubMed]

Park, YYW.; Nam, M.S. Bioactive peptides in milk and dairy products: A review. Korean J. Food Sci. Anim. Resour. 2015, 35, 831-840.
[CrossRef] [PubMed]

Mohanty, D.P.; Mohapatra, S.; Misra, S.; Sahu, P.S. Milk derived bioactive peptides and their impact on human health—A review.
Saudi ]. Biol. Sci. 2016, 23, 577-583. [CrossRef] [PubMed]

Santiago-Lopez, L.; Aguilar-Toald, ].E.; Herndndez-Mendoza, A.; Vallejo-Cordoba, B.; Liceaga, A.M.; Gonzalez-Cérdova, A.F. In-
vited review: Bioactive compounds produced during cheese ripening and health effects associated with aged cheese consumption.
J. Dairy Sci. 2018, 101, 3742-3757. [CrossRef] [PubMed]

Hiss, S.; Mielenz, M.; Bruckmaier, R.M.; Sauerwein, H. Haptoglobin concentrations in blood and milk after endotoxin challenge
and quantification of mammary Hp mRNA expression. J. Dairy Sci. 2004, 87, 3778-3784. [CrossRef] [PubMed]

Gronlund, U.; Hulten, C.; Eckersall, P.D.; Hogarth, C.; Waller, K.P. Haptoglobin and serum amyloid A in milk and serum during
acute and chronic experimentally induced Staphylococcus aureus mastitis. J. Dairy Res. 2003, 70, 379-386. [CrossRef] [PubMed]
Giagu, A.; Penati, M.; Traini, S.; Dore, S.; Addis, M.F. Milk proteins as mastitis markers in dairy ruminants—A systematic review.
Vet. Res. Commun. 2022, 46, 329-351. [CrossRef] [PubMed]

Politis, I. Plasminogen activator system: Implications for mammary cell growth and involution. J. Dairy Sci. 1996, 79, 1097-1107.
[CrossRef] [PubMed]

Schukken, Y.H.; Gunther, J.; Fitzpatrick, ].; Fontaine, M.C.; Goetze, L.; Holst, O.; Leigh, J.; Petzl, W.; Schuberth, H.J.; Sipka, A.; et al.
Host-response patterns of intramammary infections in dairy cows. Vet. Immunol. Immunopathol. 2011, 144, 270-289. [CrossRef]
[PubMed]

Hogarth, C.J.; Fitzpatrick, J.L.; Nolan, A.M.; Young, EJ.; Pitt, A.; Eckersall, P.D. Differential protein composition of bovine whey:
A comparison of whey from healthy animals and from those with clinical mastitis. Proteomics 2004, 4, 2094-2100. [CrossRef]
[PubMed]

Stelwagen, K.; Singh, K. The role of tight junctions in mammary gland function. J. Mammary Gland Biol. Neoplasia 2014, 19, 131-138.
[CrossRef] [PubMed]

Ismail, B.; Nielsen, S.S. Invited review: Plasmin protease in milk: Current knowledge and relevance to dairy industry. J. Dairy Sci.
2010, 93, 4999-5009. [CrossRef] [PubMed]

Pyorald, S. Indicators of inflammation in the diagnosis of mastitis. Vet. Res. 2003, 34, 565-578. [CrossRef] [PubMed]

https:/ /doi.org/10.3390 /molecules31152570


https://doi.org/10.1016/S0958-6946(98)00059-4
https://doi.org/10.1016/S0161-5890(03)00152-4
https://www.ncbi.nlm.nih.gov/pubmed/14568385
https://doi.org/10.2174/1381612033454847
https://www.ncbi.nlm.nih.gov/pubmed/12769737
https://doi.org/10.1111/j.1471-0307.2006.00250.x
https://doi.org/10.2174/1381612033454865
https://www.ncbi.nlm.nih.gov/pubmed/12769733
https://doi.org/10.1080/10408398.2023.2240396
https://www.ncbi.nlm.nih.gov/pubmed/37504497
https://doi.org/10.2527/jas.2008-1377
https://www.ncbi.nlm.nih.gov/pubmed/18952725
https://doi.org/10.1039/C9FO02998B
https://www.ncbi.nlm.nih.gov/pubmed/32108849
https://doi.org/10.5851/kosfa.2015.35.6.831
https://www.ncbi.nlm.nih.gov/pubmed/26877644
https://doi.org/10.1016/j.sjbs.2015.06.005
https://www.ncbi.nlm.nih.gov/pubmed/27579006
https://doi.org/10.3168/jds.2017-13465
https://www.ncbi.nlm.nih.gov/pubmed/29477517
https://doi.org/10.3168/jds.S0022-0302(04)73516-X
https://www.ncbi.nlm.nih.gov/pubmed/15483161
https://doi.org/10.1017/S0022029903006484
https://www.ncbi.nlm.nih.gov/pubmed/14649408
https://doi.org/10.1007/s11259-022-09901-y
https://www.ncbi.nlm.nih.gov/pubmed/35195874
https://doi.org/10.3168/jds.s0022-0302(96)76463-9
https://www.ncbi.nlm.nih.gov/pubmed/8827475
https://doi.org/10.1016/j.vetimm.2011.08.022
https://www.ncbi.nlm.nih.gov/pubmed/21955443
https://doi.org/10.1002/pmic.200300723
https://www.ncbi.nlm.nih.gov/pubmed/15221770
https://doi.org/10.1007/s10911-013-9309-1
https://www.ncbi.nlm.nih.gov/pubmed/24249583
https://doi.org/10.3168/jds.2010-3122
https://www.ncbi.nlm.nih.gov/pubmed/20965314
https://doi.org/10.1051/vetres:2003026
https://www.ncbi.nlm.nih.gov/pubmed/14556695
https://doi.org/10.3390/molecules31152570

Molecules 2026, 31, 2570 21 of 24

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

International Dairy Federation. Guidelines for the Use and Interpretation of Bovine Milk Somatic Cell Counts (SCC) in the Dairy Industry;
Bulletin of the IDF No. 466/2013; International Dairy Federation: Brussels, Belgium, 2013.

European Parliament and Council of the European Union. Regulation (EC) No. 853/2004 of 29 April 2004 laying down specific
hygiene rules for food of animal origin. Off. |. Eur. Union 2004, L 139, 55-205.

Greenough, P.R. Bovine Laminitis and Lameness: A Hands-On Approach; Saunders Elsevier: Edinburgh, UK, 2007.

Smith, B.I.; Kauffold, J.; Sherman, L. Serum haptoglobin concentrations in dairy cattle with lameness due to claw disorders. Vet.
J. 2010, 186, 162-165. [CrossRef] [PubMed]

Zhang, G.; Hailemariam, D.; Dervishi, E.; Deng, Q.; Goldansaz, S.A.; Dunn, S.M.; Ametaj, B.N. Alterations of innate immunity
reactants in transition dairy cows before clinical signs of lameness. Animals 2015, 5, 717-747. [CrossRef] [PubMed]

Zhang, Y.; Wang, C.; Khan, M.Z,; Ju, Z.; Huang, J. Current Understanding of Bovine Ketosis: From Molecular Basis to Farm-Level
Management. Animals 2025, 15, 3644. [CrossRef] [PubMed]

Krnjai¢, S.; Cincovi¢, M.; Djokovi¢, R.; Beli¢, B.; Jezek, J.; Stari¢, J. The Influence of Energy Balance, Lipolysis and Ketogenesis on
Metabolic Adaptation in Cows Milked Twice and Three Times Daily. Metabolites 2022, 12, 1090. [CrossRef] [PubMed]

LeBlanc, S. Monitoring metabolic health of dairy cattle in the transition period. J. Reprod. Dev. 2010, 56, S29-535. [CrossRef]
[PubMed]

Ashar, M].; Gonzalez-Rivas, P.A.; Dunshea, FR.; Marth, C.D.; Chauhan, S.S. Integrative Insights into Metabolic, Oxidative, and
Immune Adaptations During the Transition Period in Dairy Cows: Revisiting Nutritional Strategies and Emerging Roles of
Injectable Trace Minerals. Dairy 2026, 7, 15. [CrossRef]

Mulligan, EJ.; Doherty, M.L. Production diseases of the transition cow. Vet. J. 2008, 176, 3-9. [CrossRef] [PubMed]

Bell, A.W. Regulation of organic nutrient metabolism during transition from late pregnancy to early lactation. J. Anim. Sci. 1995,
73,2804-2819. [CrossRef] [PubMed]

Goff, J.P. Macromineral physiology and application to the feeding of the dairy cow for prevention of milk fever and other
periparturient mineral disorders. Anim. Feed Sci. Technol. 2006, 126, 237-257. [CrossRef]

Sordillo, L.M.; Aitken, S.L. Impact of oxidative stress on the health and immune function of dairy cattle. Vet. Immunol.
Immunopathol. 2009, 128, 104-109. [CrossRef] [PubMed]

Dubug, J.; Duffield, T.F; Leslie, K.E.; Walton, J.S.; LeBlanc, S.J. Risk factors for postpartum uterine diseases in dairy cows. J. Dairy
Sci. 2010, 93, 5764-5771. [CrossRef] [PubMed]

Bertoni, G.; Trevisi, E.; Han, X.; Bionaz, M. Effects of inflammatory conditions on liver activity in puerperium period and
consequences for performance in dairy cows. J. Dairy Sci. 2008, 91, 3300-3310. [CrossRef] [PubMed]

Trevisi, E.; Amadori, M.; Cogrossi, S.; Razzuoli, E.; Bertoni, G. Metabolic stress and inflammatory response in high-yielding,
periparturient dairy cows. Res. Vet. Sci. 2012, 93, 695-704. [CrossRef] [PubMed]

Wellnitz, O.; Arnold, E.T.; Bruckmaier, R.M. Lipopolysaccharide and lipoteichoic acid induce different immune responses in the
bovine mammary gland. J. Dairy Sci. 2011, 94, 5405-5412. [CrossRef] [PubMed]

McArt, J.A.A;; Nydam, D.V,; Overton, M.W. Hyperketonemia in early lactation dairy cattle: A deterministic estimate of component
and total cost per case. J. Dairy Sci. 2015, 98, 2043-2054. [CrossRef] [PubMed]

Sordillo, L.M.; Raphael, W. Significance of metabolic stress, lipid mobilization, and inflammation on transition cow disorders. Vet.
Clin. N. Am. Food Anim. Pract. 2013, 29, 267-278. [CrossRef] [PubMed]

Martens, H. Invited Review: Increasing Milk Yield and Negative Energy Balance: A Gordian Knot for Dairy Cows? Animals 2023,
13, 3097. [CrossRef] [PubMed]

Bellamy, W.; Takase, M.; Wakabayashi, H.; Kawase, K.; Tomita, M. Antibacterial spectrum of lactoferricin B, a potent bactericidal
peptide derived from the N-terminal region of bovine lactoferrin. J. Appl. Bacteriol. 1992, 73, 472-479. [CrossRef] [PubMed]
Clare, D.A.; Swaisgood, H.E. Bioactive milk peptides: A prospectus. J. Dairy Sci. 2000, 83, 1187-1195. [CrossRef] [PubMed]
Suojala, L.; Kaartinen, L.; Pyorald, S. Treatment for bovine Escherichia coli mastitis—An evidence-based approach. J. Vet. Pharmacol.
Ther. 2013, 36, 521-531. [CrossRef] [PubMed]

Reinhardt, T.A.; Lippolis, ].D.; Nonnecke, B.J.; Sacco, R.E. Bovine milk exosome proteome. ]. Proteom. 2012, 75, 1486-1492.
[CrossRef] [PubMed]

Zinsstag, J.; Schelling, E.; Waltner-Toews, D.; Tanner, M. From ‘one medicine’ to ‘one health’ and systemic approaches to health
and well-being. Prev. Vet. Med. 2011, 101, 148-156. [CrossRef] [PubMed]

Galfi, A.; Radinovi¢, M.; Milanov, D.; Savi¢, S.; Bobos, S.; Paji¢, M. Lactoferrin and immunoglobulin G concentration in bovine
milk from cows with subclinical mastitis during the late lactation period. Acta Sci. Vet. 2016, 44, 6. [CrossRef]

Smolenski, G.A.; Broadhurst, M.K.; Stelwagen, K.; Haigh, B.].; Wheeler, T.T. Host defence related responses in bovine milk during
an experimentally induced Streptococcus uberis infection. Proteome Sci. 2014, 12, 19. [CrossRef] [PubMed]

Wollowski, L.; Heuwieser, W.; Kossatz, A.; Addis, M.F.; Puggioni, G.M.G.; Meriaux, L.; Bertulat, S. The value of the biomarkers
cathelicidin, milk amyloid A, and haptoglobin to diagnose and classify clinical and subclinical mastitis. J. Dairy Sci. 2021,
104, 2106-2122. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/molecules31152570


https://doi.org/10.1016/j.tvjl.2009.08.012
https://www.ncbi.nlm.nih.gov/pubmed/19751983
https://doi.org/10.3390/ani5030381
https://www.ncbi.nlm.nih.gov/pubmed/26479383
https://doi.org/10.3390/ani15243644
https://www.ncbi.nlm.nih.gov/pubmed/41463929
https://doi.org/10.3390/metabo12111090
https://www.ncbi.nlm.nih.gov/pubmed/36355173
https://doi.org/10.1262/jrd.1056S29
https://www.ncbi.nlm.nih.gov/pubmed/20629214
https://doi.org/10.3390/dairy7010015
https://doi.org/10.1016/j.tvjl.2007.12.018
https://www.ncbi.nlm.nih.gov/pubmed/18342556
https://doi.org/10.2527/1995.7392804x
https://www.ncbi.nlm.nih.gov/pubmed/8582872
https://doi.org/10.1016/j.anifeedsci.2005.08.005
https://doi.org/10.1016/j.vetimm.2008.10.305
https://www.ncbi.nlm.nih.gov/pubmed/19027173
https://doi.org/10.3168/jds.2010-3429
https://www.ncbi.nlm.nih.gov/pubmed/21094748
https://doi.org/10.3168/jds.2008-0995
https://www.ncbi.nlm.nih.gov/pubmed/18765589
https://doi.org/10.1016/j.rvsc.2011.11.008
https://www.ncbi.nlm.nih.gov/pubmed/22197526
https://doi.org/10.3168/jds.2010-3931
https://www.ncbi.nlm.nih.gov/pubmed/22032363
https://doi.org/10.3168/jds.2014-8740
https://www.ncbi.nlm.nih.gov/pubmed/25622874
https://doi.org/10.1016/j.cvfa.2013.03.002
https://www.ncbi.nlm.nih.gov/pubmed/23809891
https://doi.org/10.3390/ani13193097
https://www.ncbi.nlm.nih.gov/pubmed/37835703
https://doi.org/10.1111/j.1365-2672.1992.tb05007.x
https://www.ncbi.nlm.nih.gov/pubmed/1490908
https://doi.org/10.3168/jds.S0022-0302(00)74983-6
https://www.ncbi.nlm.nih.gov/pubmed/10877382
https://doi.org/10.1111/jvp.12057
https://www.ncbi.nlm.nih.gov/pubmed/23679229
https://doi.org/10.1016/j.jprot.2011.11.017
https://www.ncbi.nlm.nih.gov/pubmed/22129587
https://doi.org/10.1016/j.prevetmed.2010.07.003
https://www.ncbi.nlm.nih.gov/pubmed/20832879
https://doi.org/10.22456/1679-9216.81097
https://doi.org/10.1186/1477-5956-12-19
https://www.ncbi.nlm.nih.gov/pubmed/24721702
https://doi.org/10.3168/jds.2020-18539
https://www.ncbi.nlm.nih.gov/pubmed/33358157
https://doi.org/10.3390/molecules31152570

Molecules 2026, 31, 2570 22 of 24

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Dalanezi, EM.; Schmidt, E.M.S.; Joaquim, S.F.; Guimaraes, FF.; Guerra, S.T.; Lopes, B.C.; Cerri, R.L.A.; Chadwick, C.; Langoni, H.
Concentrations of acute-phase proteins in milk from cows with clinical mastitis caused by different pathogens. Pathogens 2020,
9, 706. [CrossRef] [PubMed]

Ilievska, K.; Atanasov, B.; Dovenski, T.; Smolac, O.; Stojanov, B.; Trojachanec, P. Acute phase proteins—As indicators of claw
diseases in dairy cattle. Maced. Vet. Rev. 2019, 42, 95-100. [CrossRef]

Pongthaisong, P.; Katawatin, S.; Thamrongyoswittayakul, C.; Roytrakul, S. Milk protein profiles in response to Streptococcus
agalactiae subclinical mastitis in dairy cows. Anim. Sci. J. 2016, 87, 92-98. [CrossRef] [PubMed]

Bastian, E.D.; Brown, R.J. Plasmin in milk and dairy products: An update. Int. Dairy ]. 1996, 6, 435-457. [CrossRef]

Leitner, G.; Krifucks, O.; Merin, U.; Lavi, Y.; Silanikove, N. Interactions between bacteria type, proteolysis of casein and
physico-chemical properties of bovine milk. Int. Dairy J. 2006, 16, 648-654. [CrossRef]

Tiantong, A.; Eardmusic, S.; Arunvipas, P.; Lee, ].-W.; Inyawilert, W. The influence of subclinical mastitis on the protein
composition and protease activities of raw milk from lactating Thai-crossbred dairy cows. Vet. World 2023, 16, 1363-1368.
[CrossRef] [PubMed]

Mehrzad, ].; Desrosiers, C.; Lauzon, K.; Robitaille, G.; Zhao, X.; Lacasse, P. Proteases involved in mammary tissue damage during
endotoxin-induced mastitis in dairy cows. . Dairy Sci. 2005, 88, 211-222. [CrossRef] [PubMed]

Lu, J.; Antunes Fernandes, E.; Pdez Cano, A.E.; Vinitwatanakhun, J.; Boeren, S.; van Hooijdonk, T.; van Knegsel, A.; Vervoort, J.;
Hettinga, K.A. Changes in milk proteome and metabolome associated with dry period length, energy balance, and lactation stage
in postparturient dairy cows. J. Proteome Res. 2013, 12, 3288-3296. [CrossRef] [PubMed]

Delosiéere, M.; Pires, J.; Bernard, L.; Cassar-Malek, I.; Bonnet, M. Milk proteome from in silico data aggregation allows the
identification of putative biomarkers of negative energy balance in dairy cows. Sci. Rep. 2019, 9, 9718. [CrossRef] [PubMed]

Li, S,; Sun, S.; Shen, W.; Sun, M; Xiang, P.; Mao, X.; Lu, X.; Xu, H,; Jiang, Y.; Yang, X. A1 3-Casein and A2 (3-casein: Effects on the
gastrointestinal motility, digestion, and absorption. J. Funct. Foods 2026, 136, 107144. [CrossRef]

Truswell, A.S. The A2 milk case: A critical review. Eur. |. Clin. Nutr. 2005, 59, 623-631. [CrossRef] [PubMed]

Nguyen, D.D.; Johnson, S.K.; Busetti, F; Solah, V.A. Formation and degradation of beta-casomorphins in dairy processing. Crit.
Rev. Food Sci. Nutr. 2015, 55, 1955-1967. [CrossRef] [PubMed]

Bradley, A.J. Bovine mastitis: An evolving disease. Vet. . 2002, 164, 116-128. [CrossRef] [PubMed]

Boehmer, J.L.; Ward, J.L.; Peters, R.R.; Shefcheck, K.J.; McFarland, M.A.; Bannerman, D.D. Proteomic analysis of the temporal
expression of bovine milk proteins during coliform mastitis and label-free relative quantification. J. Dairy Sci. 2010, 93, 593-603.
[CrossRef] [PubMed]

Zhu, M.; Wei, R;; Li, J.; Bao, J.; Wei, L.; Yu, X.; Zhou, Z.; Hu, E; Li, S. Protective mechanism of milk-derived bioactive peptides
VPP and IPP against lipopolysaccharide-induced inflammation in bovine mammary epithelial cells and a mouse mastitis model.
Anim. Nutr. 2025, 2, €10. [CrossRef]

Wedholm, A.; Larsen, L.B.; Lindmark-Ménsson, H.; Karlsson, A.H.; Andrén, A. Effect of protein composition on the cheese-making
properties of milk from individual dairy cows. J. Dairy Sci. 2006, 89, 3296-3305. [CrossRef] [PubMed]

Barbano, D.M.; Ma, Y.; Santos, M.V. Influence of raw milk quality on fluid milk shelf life. J. Dairy Sci. 2006, 89, E15-E19. [CrossRef]
[PubMed]

Thomsen, P.T.; Shearer, J.K.; Houe, H. Prevalence of lameness in dairy cows: A literature review. Vet. J. 2023, 295, 105975.
[CrossRef] [PubMed]

Ceciliani, F; Ceron, J.J.; Eckersall, P.D.; Sauerwein, H. Acute phase proteins in ruminants. J. Proteom. 2012, 75, 4207-4231.
[CrossRef] [PubMed]

He, W.; Cardoso, A.S.; Hyde, RM.; Green, M.].; Scurr, D.J.; Griffiths, R.L.; Randall, L.V.; Kim, D.-H. Metabolic alterations in dairy
cattle with lameness revealed by untargeted metabolomics of dried milk spots using direct infusion-tandem mass spectrometry
and the triangulation of multiple machine learning models. Analyst 2022, 147, 5537-5545. [CrossRef] [PubMed]

Cardoso, A.S.; Martinez-Jarquin, S.; Hyde, RM.; Green, M.].; Kim, D.-H.; Randall, L.V. Milk lipidome alterations in first-lactation
dairy cows with lameness: A biomarker identification approach using untargeted lipidomics and machine learning. J. Dairy Sci.
2025, 108, 6216-6228. [CrossRef] [PubMed]

Sadiq, M.B.; Ramanoon, S.Z.; Mansor, R.; Mossadeq, W.M.S.; Syed-Hussain, S.S.; Yimer, N.; Kaka, U.; Ajat, M.; Abdullah, J.EF.
Potential biomarkers for lameness and claw lesions in dairy cows: A scoping review. J. Dairy Res. 2024, 91, 202-210. [CrossRef]
[PubMed]

Bareille, N.; Beaudeau, F; Billon, S.; Robert, A.; Faverdin, P. Effects of health disorders on feed intake and milk production in
dairy cows. Livest. Prod. Sci. 2003, 83, 53-62. [CrossRef]

Juarez, S.T.; Robinson, PH.; DePeters, E.J.; Price, E.O. Impact of lameness on behavior and productivity of lactating Holstein cows.
Appl. Anim. Behav. Sci. 2003, 83, 1-14. [CrossRef]

Green, L.E.; Hedges, V.J.; Schukken, Y.H.; Blowey, R.W.; Packington, A.]. The impact of clinical lameness on the milk yield of
dairy cows. J. Dairy Sci. 2002, 85, 2250-2256. [CrossRef] [PubMed]

https:/ /doi.org/10.3390 /molecules31152570


https://doi.org/10.3390/pathogens9090706
https://www.ncbi.nlm.nih.gov/pubmed/32867136
https://doi.org/10.2478/macvetrev-2019-0011
https://doi.org/10.1111/asj.12391
https://www.ncbi.nlm.nih.gov/pubmed/26632331
https://doi.org/10.1016/0958-6946(95)00021-6
https://doi.org/10.1016/j.idairyj.2005.10.020
https://doi.org/10.14202/vetworld.2023.1363-1368
https://www.ncbi.nlm.nih.gov/pubmed/37577188
https://doi.org/10.3168/jds.S0022-0302(05)72679-5
https://www.ncbi.nlm.nih.gov/pubmed/15591384
https://doi.org/10.1021/pr4001306
https://www.ncbi.nlm.nih.gov/pubmed/23738862
https://doi.org/10.1038/s41598-019-46142-7
https://www.ncbi.nlm.nih.gov/pubmed/31273261
https://doi.org/10.1016/j.jff.2025.107144
https://doi.org/10.1038/sj.ejcn.1602104
https://www.ncbi.nlm.nih.gov/pubmed/15867940
https://doi.org/10.1080/10408398.2012.740102
https://www.ncbi.nlm.nih.gov/pubmed/25077377
https://doi.org/10.1053/tvjl.2002.0724
https://www.ncbi.nlm.nih.gov/pubmed/12359466
https://doi.org/10.3168/jds.2009-2526
https://www.ncbi.nlm.nih.gov/pubmed/20105531
https://doi.org/10.1017/anr.2025.1
https://doi.org/10.3168/jds.s0022-0302(06)72366-9
https://www.ncbi.nlm.nih.gov/pubmed/16899662
https://doi.org/10.3168/jds.s0022-0302(06)72360-8
https://www.ncbi.nlm.nih.gov/pubmed/16527874
https://doi.org/10.1016/j.tvjl.2023.105975
https://www.ncbi.nlm.nih.gov/pubmed/36990338
https://doi.org/10.1016/j.jprot.2012.04.004
https://www.ncbi.nlm.nih.gov/pubmed/22521269
https://doi.org/10.1039/D2AN01520J
https://www.ncbi.nlm.nih.gov/pubmed/36341756
https://doi.org/10.3168/jds.2024-26066
https://www.ncbi.nlm.nih.gov/pubmed/40250603
https://doi.org/10.1017/S0022029924000487
https://www.ncbi.nlm.nih.gov/pubmed/39463263
https://doi.org/10.1016/S0301-6226(03)00040-X
https://doi.org/10.1016/s0168-1591(03)00107-2
https://doi.org/10.3168/jds.S0022-0302(02)74304-X
https://www.ncbi.nlm.nih.gov/pubmed/12362457
https://doi.org/10.3390/molecules31152570

Molecules 2026, 31, 2570 23 of 24

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.
93.

94.

95.

96.

97.

98.

99.

Pirkkalainen, H.; Talvio, I.; Kujala-Wirth, M.; Soveri, T.; Orro, T. Acute phase response of sole ulcer, white line disease and digital
dermatitis in dairy cows. Vet. Anim. Sci. 2022, 17, 100253. [CrossRef] [PubMed]

Alsaaod, M.; Fadul, M,; Steiner, A. Automatic lameness detection in cattle. Vet. J. 2019, 246, 35-44. [CrossRef] [PubMed]

Van Nuffel, A.; Zwertvaegher, I.; Van Weyenberg, S.; Pastell, M.; Thorup, V.M.; Bahr, C.; Sonck, B.; Saeys, W. Lameness detection
in dairy cows: Part 2. Use of sensors to automatically register changes in locomotion or behavior. Animals 2015, 5, 861-885.
[CrossRef] [PubMed]

Shin, D.H.; Jeong, ].K.; Choi, 1.S.; Moon, S.H.; Lee, 5.C.; Kang, H.G.; Park, 5.B.; Kim, I.H. Associations between serum haptoglobin
concentration and peri- and postpartum disorders, milk yield, and reproductive performance in dairy cows. Livest. Sci. 2018,
213, 14-18. [CrossRef]

Huang, Y.; Zhang, B.; Mauck, J.; Loor, ].J.; Wei, B.; Shen, B.; Wang, Y.; Zhao, C.; Zhu, X.; Wang, J. Plasma and milk metabolomics
profiles in dairy cows with subclinical and clinical ketosis. J. Dairy Sci. 2024, 107, 6340-6357. [CrossRef] [PubMed]

Hammon, D.S.; Evjen, LM.; Dhiman, T.R.; Goff, ].P.; Walters, ].L. Neutrophil function and energy status in Holstein cows with
uterine health disorders. Vet. Immunol. Immunopathol. 2006, 113, 21-29. [CrossRef] [PubMed]

Mulligan, EJ.; O’Grady, L.; Rice, D.A.; Doherty, M.L. A herd health approach to dairy cow nutrition and production diseases of
the transition cow. Anim. Reprod. Sci. 2006, 96, 331-353. [CrossRef] [PubMed]

Martinez, N.; Sinedino, L.D.P.; Bisinotto, R.S.; Ribeiro, E.S.; Gomes, G.C.; Lima, ES.; Greco, L.F.,; Risco, C.A.; Galvao, K.N.;
Taylor-Rodriguez, D.; et al. Effect of induced subclinical hypocalcemia on physiological responses and neutrophil function in
dairy cows. J. Dairy Sci. 2014, 97, 874-887. [CrossRef] [PubMed]

Kumprechtova, D.; Chabrillat, T.; Guillaume, S.; Kerros, S.; Kadek, R.; Indrova, E.; Illek, J. Effect of plant bioactive compounds
supplemented in transition dairy cows on the metabolic and inflammatory status. Molecules 2022, 27, 6092. [CrossRef] [PubMed]
Clarke, H].; Griffin, C.; Rai, D.K.; O’Callaghan, T.E; O’Sullivan, M.G.; Kerry, J.P; Kilcawley, K.N. Dietary Compounds Influencing
the Sensorial, Volatile and Phytochemical Properties of Bovine Milk. Molecules 2020, 25, 26. [CrossRef] [PubMed]

Hertl, J.A.; Schukken, Y.H.; Welcome, EL.; Tauer, L.W.; Grohn, Y.T. Effects of pathogen-specific clinical mastitis on probability of
conception in Holstein dairy cows. J. Dairy Sci. 2014, 97, 6942-6954. [CrossRef] [PubMed]

Guerrero, A.; Dallas, D.C.; Contreras, S.; Bhandari, A.; Cénovas, A.; Islas-Trejo, A.; Medrano, ].E; Parker, E.A.; Wang, M.; Hettinga,
K.; et al. Peptidomic analysis of healthy and subclinically mastitic bovine milk. Int. Dairy . 2015, 46, 46-52. [CrossRef] [PubMed]
Wedholm, A.; Meller, H.S.; Lindmark-Mansson, H.; Rasmussen, M.D.; Andrén, A.; Larsen, L.B. Identification of peptides in milk
as a result of proteolysis at different levels of somatic cell counts using LC MALDI MS/MS detection. J. Dairy Res. 2008, 75, 76-83.
[CrossRef] [PubMed]

Zalewska, M.; Brzozowska, P.; Rzewuska, M.; Kawecka-Grochocka, E.; Urbariska, D.M.; Sakowski, T.; Bagnicka, E. The quality
and technological parameters of milk obtained from dairy cows with subclinical mastitis. J. Dairy Sci. 2025, 108, 1285-1300.
[CrossRef] [PubMed]

Leitner, G.; Lavon, Y.; Merin, U.; Jacoby, S.; Blum, S.E.; Krifucks, O.; Silanikove, N. Milk quality and milk transformation
parameters from infected mammary glands depends on the infecting bacteria species. PLoS ONE 2019, 14, e0213817. [CrossRef]
[PubMed]

Fox, PF; Guinee, T.P.; Cogan, T.M.; McSweeney, P.L.H. Fundamentals of Cheese Science, 2nd ed.; Springer: New York, NY, USA, 2017.
[CrossRef]

Lucey, J.A; Kelly, J. Cheese yield. Int. ]. Dairy Technol. 1994, 47, 1-14. [CrossRef]

Wolk, M.; Milkovska-Stamenova, S.; Hoffmann, R. Comprehensive profiling of the native and modified peptidomes of raw
bovine milk and processed milk products. Foods 2020, 9, 1841. [CrossRef] [PubMed]

Zhang, L.; Boeren, S.; van Hooijdonk, A.C.M.; Vervoort, ].M.; Hettinga, K.A. A proteomic perspective on the changes in milk
proteins due to high somatic cell count. J. Dairy Sci. 2015, 98, 5339-5351. [CrossRef] [PubMed]

Tarlton, ].E; Holah, D.E.; Evans, K.M.; Jones, S.; Pearson, G.R.; Webster, A.J.F. Biomechanical and histopathological changes in the
support structures of bovine hooves around the time of first calving. Vet. J. 2002, 163, 196-204. [CrossRef] [PubMed]

Knott, L.; Tarlton, J.F.,; Craft, H.L.; Webster, A.J.F. Effects of housing, parturition and diet change on the biochemistry and
biomechanics of the support structures of the hoof of dairy heifers. Vet. J. 2007, 174, 277-287. [CrossRef] [PubMed]

Espejo, L.A.; Endres, M.1; Salfer, J.A. Prevalence of lameness in high-producing Holstein cows housed in freestall barns in
Minnesota. J. Dairy Sci. 2006, 89, 3052-3058. [CrossRef] [PubMed]

Loor, J.J.; Everts, R.E.; Bionaz, M.; Dann, HM.; Morin, D.E.; Oliveira, R.; Rodriguez-Zas, S.L.; Drackley, ] K.; Lewin, H.A.
Nutrition-induced ketosis alters metabolic and signaling gene networks in liver of periparturient dairy cows. Physiol. Genom.
2007, 32, 105-116. [CrossRef] [PubMed]

Halasa, T.; Huijps, K.; Osteras, O.; Hogeveen, H. Economic effects of bovine mastitis and mastitis management: A review. Vet.
Q. 2007, 29, 18-31. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/molecules31152570


https://doi.org/10.1016/j.vas.2022.100253
https://www.ncbi.nlm.nih.gov/pubmed/35669246
https://doi.org/10.1016/j.tvjl.2019.01.005
https://www.ncbi.nlm.nih.gov/pubmed/30902187
https://doi.org/10.3390/ani5030388
https://www.ncbi.nlm.nih.gov/pubmed/26479390
https://doi.org/10.1016/j.livsci.2018.04.015
https://doi.org/10.3168/jds.2023-24496
https://www.ncbi.nlm.nih.gov/pubmed/38608939
https://doi.org/10.1016/j.vetimm.2006.03.022
https://www.ncbi.nlm.nih.gov/pubmed/16740320
https://doi.org/10.1016/j.anireprosci.2006.08.011
https://www.ncbi.nlm.nih.gov/pubmed/16979858
https://doi.org/10.3168/jds.2013-7408
https://www.ncbi.nlm.nih.gov/pubmed/24359833
https://doi.org/10.3390/molecules27186092
https://www.ncbi.nlm.nih.gov/pubmed/36144832
https://doi.org/10.3390/molecules25010026
https://www.ncbi.nlm.nih.gov/pubmed/31861730
https://doi.org/10.3168/jds.2014-8203
https://www.ncbi.nlm.nih.gov/pubmed/25173468
https://doi.org/10.1016/j.idairyj.2014.09.006
https://www.ncbi.nlm.nih.gov/pubmed/25908898
https://doi.org/10.1017/S0022029907002968
https://www.ncbi.nlm.nih.gov/pubmed/18226301
https://doi.org/10.3168/jds.2024-25346
https://www.ncbi.nlm.nih.gov/pubmed/39521420
https://doi.org/10.1371/journal.pone.0213817
https://www.ncbi.nlm.nih.gov/pubmed/31260459
https://doi.org/10.1007/978-1-4899-7681-9
https://doi.org/10.1111/j.1471-0307.1994.tb01264.x
https://doi.org/10.3390/foods9121841
https://www.ncbi.nlm.nih.gov/pubmed/33321979
https://doi.org/10.3168/jds.2014-9279
https://www.ncbi.nlm.nih.gov/pubmed/26094216
https://doi.org/10.1053/tvjl.2001.0651
https://www.ncbi.nlm.nih.gov/pubmed/12093195
https://doi.org/10.1016/j.tvjl.2006.09.007
https://www.ncbi.nlm.nih.gov/pubmed/17110142
https://doi.org/10.3168/jds.S0022-0302(06)72579-6
https://www.ncbi.nlm.nih.gov/pubmed/16840622
https://doi.org/10.1152/physiolgenomics.00188.2007
https://www.ncbi.nlm.nih.gov/pubmed/17925483
https://doi.org/10.1080/01652176.2007.9695224
https://www.ncbi.nlm.nih.gov/pubmed/17471788
https://doi.org/10.3390/molecules31152570

Molecules 2026, 31, 2570 24 of 24

100. Rutten, C.J.; Velthuis, A.G.J.; Steeneveld, W.; Hogeveen, H. Invited review: Sensors to support health management on dairy farms.
J. Dairy Sci. 2013, 96, 1928-1952. [CrossRef] [PubMed]

101. Cockburn, M. Review: Application and prospective discussion of machine learning for the management of dairy farms. Animals
2020, 10, 1690. [CrossRef] [PubMed]

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/10.3390/molecules31152570


https://doi.org/10.3168/jds.2012-6107
https://www.ncbi.nlm.nih.gov/pubmed/23462176
https://doi.org/10.3390/ani10091690
https://www.ncbi.nlm.nih.gov/pubmed/32962078
https://doi.org/10.3390/molecules31152570

	Introduction 
	Methods 
	Bioactive Proteins and Peptides in Healthy Bovine Milk 
	Major Bioactive Proteins 
	Bioactive Peptides Derived from Milk Proteins 

	Effects of Mastitis on the Bioactive Protein and Peptide Profile of Milk 
	Intramammary Infection and Acute-Phase Protein Response 
	Effects on Casein Integrity and Bioactive Peptide Availability 
	Subclinical Mastitis: Magnitude of Changes 

	Effects of Lameness and Claw Disorders on Milk Bioactive Components 
	Systemic Inflammatory Responses Associated with Lameness-Causing Claw Disorders 
	Milk Metabolomic and Lipidomic Evidence in Lame Cows 
	Implications for the Milk Bioactive Protein and Peptide Fraction 

	Effects of Periparturient Metabolic Disorders on Milk Bioactive Components 
	Transition-Period Inflammation 
	Ketosis and Milk Bioactive Composition 
	Other Periparturient Metabolic Disorders 
	Nutritional Modulation: Relevance to Milk Bioactive Components 

	Fate and Functionality of Inflammation-Associated Milk Proteins and Peptides 
	Impact on Processing Quality and Dairy Product Functionality 
	Processing Stability and Gastrointestinal Bioaccessibility 
	Three-Tier Evidence Chain and One Health Interpretation 
	Tier 1—Alteration in Raw Milk 
	Tier 2—Retention During Processing and Digestion 
	Tier 3—Biological Effects in Human Consumers 


	Conclusions and Future Perspectives 
	References

