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Abstract

Black soldier fly larvae (BSFL) proteins are potential alternative emulsifiers for food applications, but
identifying individual, sequence-defined peptides with enhanced and tailored colloidal functionality could
help unlock their full potential. This study investigated the interfacial and emulsifying properties of
synthetic peptides derived from abundant proteins in defatted BSFL biomass. Proteins were identified by
LC-MS/MS-based proteomics and embedded peptides with potential emulsifying properties were predicted
using the EmulsiPred model. The aim of this study was to illustrate how model-based peptide prediction can
guide targeted ingredient screening rather than relying on whole-protein hydrolysates. Sixty peptides
predicted from BSFL protein sequences, comprising 20 «, 20 , and 20 y peptides, were analyzed using
pendant drop tensiometry and dilatational rheology. Their performance as emulsifiers in oil-in-water
emulsions was also evaluated. Interfacial tension (IFT) measurements at the medium-chain triglyceride
(MCT) oil-water interface identified peptide Pa5 as the strongest performer, reaching a final IFT of 7.49
mN/m after 30 min. At the interface, Pa5 and Py7 formed highly elastic films, with E’ values of 26.5-32.6
and 23.6-27.5 mN/m, respectively, across 0.01-0.1 Hz and low power-law slopes (n = 0.084 and 0.067),
indicating strong potential to stabilize droplets against coalescence. P32 exhibited a highly negative surface
charge with a C-potential of -91.57 mV. Across the BSFL peptide set, peptide length was not a consistent
predictor of interfacial or emulsifying performance, whereas charge-related sequence descriptors correlated
more strongly with {-potential and emulsion stability. These findings demonstrate that bioinformatic
prediction tools such as EmulsiPred may identify individual peptides with promising emulsifying
performance. Notably, some BSFL-derived peptides exhibited emulsifying performances substantially
exceeding those reported for previously characterized peptides from a wide range of biomass sources.
Coupling sequence-based prediction with high-throughput characterization could provide a predictive and
resource-efficient workflow for targeted formulation of insect-derived ingredients.



