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Abstract
Seafood, including fish and shellfish, is a highly nutritious component of global food systems. However, seafood is also among the major triggers of food allergy, resulting in broad avoidance that can compromise dietary variety and nutritional adequacy. In Singapore, standardised food safety assessments and clinical nutrition guidance are complicated by the wide diversity of regional fish species consumed, combined with species-specific repertoires of allergenic proteins (allergens). Nevertheless, the absence of established workflows to resolve real world allergen profiles obscures the relationship between allergen abundance and consumer risk. In this study, an integrated workflow combining immunological analyses, liquid chromatography-tandem mass spectrometry (MS) proteomics, and bioinformatics was applied to characterise allergen repertoires across eight commonly consumed fish species in Singapore. Raw extracts were compared with extracts from heated tissue and heated raw extracts. MS was used to evaluate species-specific allergen profiles and heat-processing effects. Comprehensive allergen profiles were established using in silico allergenicity predictions with AllerCatPro, combined with immunological validations using allergen-specific antibodies and pooled patient sera. Across the eight species, 529–1,012 protein groups were identified, including 11 fish allergens, with pronounced interspecies differences in allergen profiles and isoform distribution. The major fish pan-allergen, parvalbumin, was dominant in most species and varied by up to 7.6-fold across species. Mackerel showed a unique low-parvalbumin profile with enriched metabolic allergens. Tissue heating induced a consistent shift toward enrichment of heat-stable and tissue-retained allergens, particularly parvalbumin, tropomyosin, and collagen. In contrast, heating of raw extracts generated more variable and species-specific retention of selected proteins, particularly metabolic enzymes. In silico analysis predicted additional 11 proteins with strong allergenicity evidence which requires further validation. Overall, high-allergenic foods such as fish cannot be represented by a single generic allergen profiling approach. Consideration of species and processing methods provides molecular evidence that may expand safe dietary choice in fish-allergic consumers and support species-specific risk assessment, dietary guidance, and food safety reference materials.
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