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Abstract

Fish are widely consumed worldwide for their distinctive flavor and nutritional value; however,
overfishing and intensive aquaculture have led to ecological degradation, pollution, and animal
welfare concerns. Moreover, fish consumption carries risks of heavy metal accumulation and
histamine-related allergies. The concept of cultured meat originated in 1930, with the first in
vitro meat-based burger produced in 2013, and Singapore becoming the first country to approve
cultured chicken in 2020. Cell-based fish meat has emerged as a sustainable alternative,
achieved by cultivating fish stem cells on scaffolds to form tissue-like constructs. Scaffold
properties play a pivotal role in regulating cell proliferation, differentiation, and final texture.
In this study, different 3D scaffold materials were evaluated. Seven-band grouper (Epinephelus
septemfasciatus) muscle satellite cells proliferated sevenfold on 3D porous gelatin
microcarriers, showing high viability and producing constructs with espringness and
cohesiveness comparable to native fish meat. Large yellow croaker (Larimichthys crocea)
muscle stem cells grown on pea protein isolate (PPI) scaffolds demonstrated effective
proliferation across 7SF, 11SF, and PPIF scaffolds, with the 11SF scaffold exhibiting >80%
porosity and an average pore size of 41.38 £ 1.37 um, optimizing adhesion and differentiation.
Rainbow trout (Oncorhynchus mykiss) muscle satellite cells cultured in FG/CFG hydrogels
showed that a 4FG6CFG hydrogels provided superior printability, stability, and >75% live cells
after 7 days, with no significant difference in hardness compared to fresh fish. Collectively,
food-grade scaffolds with high porosity, suitable pore size, and mechanical strength enhance

nutrient transport and support fish cell growth and differentiation.
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