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Abstract: Whey protein, characterized by a high branched-chain amino acid content, rapid gastrointestinal
absorption, and multiple bioactive components, represents one of the most extensively studied protein sources in
sports nutrition. This review systematically examined the molecular mechanisms, clinical evidence, and emerging
research directions of whey protein in the context of sports nutrition. At the mechanistic level, whey protein
stimulates muscle protein synthesis primarily through activation of the mTOR signaling pathway, attenuates central
fatigue via modulation of the tryptophan—serotonin axis, and reinforces post-exercise immune function through the
concerted actions of immunoglobulins and lactoferrin. Clinically, accumulating evidence supports its efficacy in
promoting resistance training-induced hypertrophy, accelerating endurance recovery, facilitating body composition
management, and sustaining immune homeostasis during intensive training. Recent advances include co-formulation
with collagen to simultaneously target myofibrillar and connective tissue protein synthesis, nano-encapsulation
for enhanced bioavailability, and genotype-informed supplementation strategies based on polymorphisms such as
ACTN3. Concurrently, membrane filtration and precision fermentation technologies are expanding the sustainable
production of functional whey proteins. As multi-omics profiling and artificial intelligence converge with nutritional
science, individualized whey protein protocols calibrated to genotype, metabolic phenotype, and training load are
becoming increasingly feasible.

Keywords: whey protein; sports nutrition; mTOR signaling pathway; branched-chain amino acid; personalized
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