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Abstract

Bovine colostrum, the initial mammary secretion post-parturition, is indispensable for the survival and
physiological well-being of newborn calves. Owing to the epitheliochorial structure of the bovine placenta,
which precludes the transplacental transfer of immunoglobulins, calves are born agammaglobulinemic.
Consequently, their passive immunity is acquired exclusively through the timely ingestion of adequate
quantities of colostrum. This review investigates the role of colostrum-derived metabolites and bioactive
compounds in modulating the expression of genes associated with immune function and overall health in
calves, utilizing a nutrigenomics perspective. By synthesizing existing literature on colostrum bioactive,
metabolomics, nutrigenomics, and passive immune transfer, this study elucidates the complex mechanisms
underlying colostrum’s biological significance. The analysis reveals that colostrum functions not merely as a
source of energy and nutrients, but as a potent epigenetic regulator. Key components—including microRNAs,
nucleotides, nucleosides, growth factors, cytokines, immunoglobulins, transferrin, and oligosaccharides—
orchestrate the expression of genes critical for immune responsiveness, intestinal barrier maturation and
integrity, gut microbiota modulation, and the regulation of inflammatory responses. This early-life molecular
programming enhances calf survival rates during the critical neonatal period and exerts long-lasting effects on
immune competence throughout the animal’s productive lifespan. Furthermore, variations in colostrum
composition are influenced by genetic, individual, and environmental factors. Evidence suggests that antibody
levels in colostrum, milk, and serum possess a significant heritable component, with specific genomic regions
influencing these traits being identifiable. Consequently, identifying these genetic markers offers a promising
tool for mitigating Failure of Passive Transfer (FPT) through targeted genetic selection. While proper
colostrum management remains a fundamental practical strategy for enhancing calf health in commercial dairy
operations, integrating genetic selection for colostrum quality into breeding programs represents a forward-
looking approach. Such strategies have the potential to reduce reliance on antibiotics and significantly improve
overall herd productivity.
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