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Mechanisms of Lipid Metabolism in Fish Stem Cells and Their Applications
in Cultivated Fish Meat Production
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Outline
1. Introduction
2. Lipid Metabolism and Volatile Compound Analysis in Large Yellow Croaker Muscle and
Adipose Stem Cells
3. Lipid Accumulation and Fatty Acid Composition in Atlantic Mackerel Muscle Cell Lines
4. Establishment of Rainbow Trout Muscle and Adipose Stem Cells and Evaluation of
Cultured Fish Meat Quality
5. Conclusion
Abstract

Cultured meat research has predominantly focused on mammalian species, whereas marine
organisms remain comparatively underexplored. In response to overfishing and contamination
by heavy metals and plastic pollutants, cultured fish meat (CFM) has emerged as a promising
sustainable protein source to alleviate food security concerns. This study integrates findings on
the establishment of stem cell lines from multiple fish species and their lipid metabolic
characteristics, with emphasis on adipogenesis and flavor formation. Lipidomic profiles and
volatile compound signatures were compared across differentiation pathways to elucidate their
roles in flavor modulation of CFM. Significant lipidomic differences were observed between
adipose stem cells (ASCs) and muscle stem cells (MSCs) from large yellow croaker during
adipogenic differentiation and transdifferentiation. Differentiated ASCs exhibited increased
triacylglycerol and sphingomyelin levels, positively correlated with aldehydes, ketones, and
esters, suggesting that phospholipids enriched in unsaturated fatty acids act as key flavor
precursors. Spontaneously immortalized mackerel cell lines demonstrated lipid accumulation
and adipogenic capacity, with higher monounsaturated fatty acid content than native tissue.
Rainbow trout muscle (RTMS) and adipose-derived (RTADS) stem cell lines achieved optimal
proliferation at 10% and 15% fetal bovine serum(FBS) at 18°C, enabling production of marbled
CFM containing 57% cellular content. However, reduced polyunsaturated and o-3 fatty acid
levels compared with conventional fish highlight lipid metabolic regulation as a critical

challenge.
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