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Abstract
Milk flavor is a critical determinant of consumer preference. Given the lack of sensory logic validation and insufficient integration of data-driven and knowledge-driven paradigms in existing machine learning predictive models, this study presents a synergistic strategy combining Flavoromics and Sensomics for the precise elucidation of food flavor. With 245 milk samples from eight major pastures in China as the research subject, from a data-driven perspective, an artificial intelligence (AI) based hybrid Flavoromics framework was innovatively introduced by integrating 15 machine learning algorithms with seven feature selection strategies. From 105 potential schemes, the optimized approach was identified to construct predictive models, which successfully screened 20 key characteristic compounds significantly associated with six major flavor attributes. From a knowledge-driven perspective, Sensomics techniques (including gas chromatography-mass spectrometry-olfactometry (GC-O-MS), aroma extract dilution analysis (AEDA), and odor activity value (OAV) analysis) were further employed to identify 26 aroma-active compounds. By integrating the 37 candidate compounds screened from both strategies, 22 skeletal structure flavor compounds that constitute the aroma profile of milk were ultimately determined through aroma omission and recombination experiments. Furthermore, by employing multi-gradient addition experimental datasets combined with machine learning modeling, the ability of this core backbone to reconstruct the sensory profile of milk was confirmed at the algorithmic level, thereby validating the reliability of the proposed approach. This study innovatively integrates Flavoromics and Sensomics to establish a novel strategy for the elucidation of food flavor compounds. It not only clarifies the chemical basis of characteristic milk flavor but also establishes a standardized paradigm for food flavor analysis driven by both data and knowledge. This provides a theoretical foundation and technical reference for the standardized and intelligent application of artificial intelligence in food flavor research, highlighting the potential of multidisciplinary approaches for the precise elucidation of food flavor.
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