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Background and Objectives: The pH-shift process has emerged as a
promising and effective technique for recovering and modifying muscle
proteins from complex marine-based raw materials. Additionally, the
ultrasonic technique is considered beneficial, particularly when recovery
efficiency is reduced and as a modifier of techno-functional properties.
This study aimed to investigate the combined effects of pH-shift and
ultrasound-assisted extraction on the recovery yield and functional
characteristics of protein isolates derived from lanternfish muscle.

Materials and Methods: To determine the optimal pHs for solubilization
and precipitation of proteins, solubility and whiteness index curves were
initially plotted. Based on the curve results, two acidic pHs (2 and 2.5),
two alkaline pHs (11.5 and 12), and a precipitation pH of 5.7 were
selected. Protein extraction was then carried out at these pHs using both
conventional and ultrasound-assisted methods. The techno-functional
properties of the protein isolates were subsequently assessed, including
solubility, emulsion activity index (EAI), emulsion stability index (ESI),
foaming capacity (FC), and foam stability (FS).

Results: Alkaline pHs showed higher protein solubility and recovery than
acidic pHs, with the highest recovery obtained at pH 12. Ultrasound
application improved protein solubility and recovery at both acidic and
alkaline conditions. The highest overall protein recovery was observed
under alkaline pH-shift conditions assisted by ultrasound at pH 11.5
(47.31%) and pH 12 (49.01%). Protein isolates obtained under alkaline
conditions demonstrated superior solubility, emulsifying properties, and
foaming characteristics compared to those obtained under acidic
conditions. The positive effect of ultrasound was attributed to its ability to
promote conformational changes induced by the pH-shift process. Overall,
the combination of alkaline pH-shift and ultrasound-assisted extraction
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proved to be an effective approach for producing relatively high-quality
and cost-efficient protein isolates from lanternfish muscle suitable for

gel- and emulsion-based food applications.
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Figure 1. Percentage solubility curves and whiteness index of muscle proteins as a function of different pH.
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Figure 2. (a) Effect of dissolution pH and ultrasonic waves on the percentage of dissolved, precipitated,
recovered protein and final extraction efficiency; (b) Pearson correlation matrix between the four mentioned
parameters. Different letters at the top of the columns of each section indicate significant differences (P<0.05).
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Figure 5. Effect of different pH on the indices of

(a) foaming capacity (FC) and (b) foam stability (FS) of

protein isolates extracted by classical (dissolution pHs of 2 (pH2-C) and 12 (pH12-C)) and ultrasonically
assisted (dissolution pHs of 2 (pH2-US) and 12 (pH12-US) combined with ultrasonication) pH-shifting process.
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