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Cultivating Fish Fat Cells 

 

 
Introduction 
 
Since the emergence of cell-based meats in 2013, there has been an increase in research in cell-based meat 
production largely driven by the vast potential market size and its environmental impact. This strategy has led 
many start-ups in the space to focus on beef, pork, and chicken cells.  Additionally, there is existing literature 
on culturing mammalian cell lines and protocols that can provide the framework for their research. However, 
mammalian cell lines may not be the most suitable for large scale bioreactor cultivation.   
 
As the cultivated meat sector grows, there is increasing interest in culturing seafood. Fish is the largest protein 
source globally, and is facing a host of environmental and legislative challenges, all of which are expected to 
increase, thereby making this an interesting target for alternative protein companies. Fish is often considered 
one of the best sources of Omega-3 fatty acids, and is often consumed with the promise of “healthy fats”. 
Due to this nutritional superiority of fish fat, it is possible that in the future cultivated meat companies may 
look to fish fat cell cultures as a means of providing these nutritional benefits. Additionally, there exists 
preliminary research that indicates fish cells may be marginally easier to culture in vitro. In particular, fish cell 
culture offers several advantages over mammalian cell culture in terms of adaptation to a broad range of 
temperature, higher tolerance to hypoxia, and easier maintenance of cell culture for longer periods.1 However, 
the amount of literature on fish and crustacean cell lines and cell culture protocols is limited in comparison to 
mammalian cell lines. This report aims to better understand the benefits and implications of culturing fish cells, 
and in particular fish fat cells.  
 
 

Fish Physiology and Cells 
 
The first cultured fish for muscle protein production was a goldfish, and this research was developed in 2002 
with NASA’s funding. 2 For almost two decades since this initial exploration, no other work was published 
regarding cell-based seafood production. Most research on fish muscle physiology and genetics has been for 
the implications of aquaculture. Genetic modification of seafood has increased production, feed conversion 
rates, and reduced development times for fish in closed systems.3 Even though GM fish grow faster and larger, 
these fish have not entered the US market.  
 

 
1 Role and relevance of fish cell lines in advanced in vitro research - PMC  
2 In vitro edible muscle protein production system (mpps): stage 1, fish  
3 Welfare of aquatic animals: where things are, where they are going, and what it means for research, aquaculture, 
recreational angling, and commercial fishing | ICES Journal of Marine Science  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8747882/#:~:text=Fish%20cell%20culture%20offers%20several,cell%20culture%20for%20longer%20periods
https://www.sciencedirect.com/science/article/pii/S0094576502000334?casa_token=nTs-zQdTCX4AAAAA:DWp6pPP5hGYi2D9XLqIyUJvNRgDyCmeez2m8vspsTIIJHsirV8ZuVR2XhJml3xicb-3ubfIHxA
https://academic.oup.com/icesjms/article/76/1/82/5037898
https://academic.oup.com/icesjms/article/76/1/82/5037898
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In Vivo, fish have the unique ability to maintain neutral pH in the presence of metabolic end products (eg. lactic 
acid) in their muscle tissue. For most cell cultures, the presence of lactic acid causes an acidic bioreactor 
environment that can significantly reduce cell growth and lead to cell death.4 One reason fish can maintain 
neutral pH in the presence of lactic acid is because of their intracellular buffering capacity. Additionally, fish 
have higher muscle lactate dehydrogenase (LDH) content compared to mammalian animals which helps them 
break down lactic acid in muscle tissue.5 
 
Additionally, fish cells can adapt to low temperature regions and even have antifreeze defense systems for 
temperatures in the range of 0ºC - 10ºC.6 In these cold conditions, fish have increased production of 
antioxidants (eg. marine-derived tocopherol), and unique oxygen carrying and metabolic capabilities.6 Due to 
the ability of fish to adapt to cold environments, fish cell culture conditions will usually operate at temperatures 
between 15 - 30ºC. This temperature reduces the energy required to maintain the temperature of the 
bioreactor system, compared to mammalian cell culture. 
 
Fish are also well adapted to low oxygen environments as they are often subjected to these conditions in their 
natural habitat. For example, in one Japanese fish, over 200 hypoxia-responsive genes were identified.7 This 
may indicate that fish cell culture systems will be better suited to oxygen limited environments.  
 
The above-mentioned physiological properties of fish may make them uniquely suited for cultivation in vitro. 
These properties include8:  

● Tolerance to pH changes and lactic acid accumulation, 
● Low temperature growth conditions, 
● Adaptation to tolerate low oxygen environments, 
● Easier maintenance for long cell culture periods. 

 
 

Adipose Tissue Biology 
 
White adipose tissue is the main storage site of excess calories for vertebrate animals. This occurs when 
energy intake exceeds energy expenditure and excess glucose is used to synthesize fatty acids which 
accumulate lipids in the form of triglycerides. This process is called lipogenesis. Conversely, when there is a 
need for energy, adipocytes undergo lipolysis to metabolize the triglycerides and release free fatty acids and 
glycerol into circulation for energy.9 Differentiation into mature adipocytes is usually conserved across species 
and regulated through transcription factors in adipogenic signaling. Maturation of lipid droplets happens 
through inducing adipogenic proteins, such as GLUT4, LPL, Adiponectin, Leptin, etc. White adipose tissue is 
often derived from Myf5(-) progenitor cells, which may be a good starting point for cell line development.  

 
4 Gains in Cell Growth and Productivity through the Supplementation and Design of Cell Culture Media  
5 Buffering capacity of vertebrate muscle: Correlations with potentials for anaerobic function | SpringerLink  
6 Cell-Based Fish: A Novel Approach to Seafood Production and an Opportunity for Cellular Agriculture  
7 Genomic approaches in the identification of hypoxia biomarkers in model fish species - ScienceDirect  
8 Cell-Based Fish: A Novel Approach to Seafood Production and an Opportunity for Cellular Agriculture  
9 Alternative fat: redefining adipocytes for biomanufacturing cultivated meat  

https://cellculturedish.com/gains-in-cell-growth-and-productivity-through-the-supplementation-and-design-of-cell-culture-media/
https://link.springer.com/article/10.1007/BF00797698
https://www.frontiersin.org/articles/10.3389/fsufs.2019.00043/full
https://www.sciencedirect.com/science/article/abs/pii/S0022098109002901
https://www.frontiersin.org/articles/10.3389/fsufs.2019.00043/full
https://pubmed.ncbi.nlm.nih.gov/36117023/
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Culturing fat cells in vitro will allow more control of lipid profiles to improve the flavor and mouthfeel for cell-
based consumer products.10 It is believed that cultured adipocytes can be used in small quantities to improve 
the quality of existing plant-based or cell-based meats. By tuning the lipid composition in vitro, one can 
leverage the biochemical properties of various fatty acids to develop optimal nutrition and flavor.10 

 
 
Muscle and Fat Tissue in Fish 
 
Lipids are a predominant source of energy for fish and stored in fat depots in different parts of their body. 
Many different characteristics of fish influence their lipid metabolism and specific adipose tissue development, 
such as environmental conditions, traditional or novel dietary formulations, and, sexual, endocrine, and life 
cycle status.11  
 
Visceral fat is located in the abdominal cavity and around the digestive tract. This makes up anywhere between 
2 and 25% of total body weight and consists almost entirely of adipocytes. Subcutaneous fat is located all 
around the body and prominent in dorsal or ventral zones. Dorsal subcutaneous fat is developed in the region 
between head and dorsal fin and has a clear separation between muscle and adipose tissue. Ventral 
subcutaneous fat is located in the belly flaps of the abdomen and contains a combination of muscle and 
adipocytes. Subcutaneous adipose tissue influences carcass and filet yields.  
 
Neutral lipids found in fish muscle tissue are used for energy storage and consist of cholesterol, many 
triglycerides, and high omega-3 chain PUFA content. Polar lipids are structural lipids for cell membranes that 
have a constant fatty acid content and composition which is largely influenced by fish diet. Adipose tissue in 
fish has a large variation of cell diameters. The small adipocytes undergo hyperplastic development while large 
adipocytes undergo hypertrophic development.  
 
There are three types of fish muscle: red, pink, and white. The red muscle is highly vascularized  and comprises 
slow twitch fibers with high density of mitochondria and rich supply of capillaries. This muscle group relies on 
aerobic metabolic pathways.12 White muscle is a fast twitch muscle, tightly packed with myofibrils that utilizes 
anaerobic metabolic pathways. Pink muscle has characteristics of the red and white muscle types.13 90% of 
fish skeletal muscle is composed of white muscle tissue.14 White muscle depots modulate flesh organoleptic 
quality, while red muscles are richer in lipids. Adipocytes are included in the myoseptum, the connective tissue 
that separates muscle sheets. Lipid storage in the myoseptum makes up 40% of white muscle lipid content.  
 
 

Culturing fat cells 
 

10 Prospects and challenges for cell-cultured fat as a novel food ingredient - PMC  
11 Characteristics and metabolism of different adipose tissues in fish | SpringerLink   
12 Cell-Based Fish: A Novel Approach to Seafood Production and an Opportunity for Cellular Agriculture  
13 Johnston, I. A. (2001). Fish Physiology: Muscle Development and Growth. Houston, TX: Gulf Professional Publishing. 
14  Characteristics and metabolism of different adipose tissues in fish | SpringerLink   

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7051019/
https://link.springer.com/article/10.1007/s11160-012-9288-0
https://www.frontiersin.org/articles/10.3389/fsufs.2019.00043/full
https://link.springer.com/article/10.1007/s11160-012-9288-0
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Regarding relevant research on fish, the most commonly used species is zebrafish, which has served as a 
valuable in vivo model for many developmental experiments. Zebrafish has also given some insight into 
adipocyte development.15 However, for the purposes of cultivated seafood, the zebrafish is too small to isolate 
sufficient stromal vascular cells from fat tissue. Larger fish species are more relevant for investigating in vitro 
differentiation of adipocytes and culturing fat. However, no fish cell lines are currently commercially available 
for research regarding adipogenesis. Fish cells are believed to be more stable and have more doublings than 
the average mammalian or avian cell line. Additionally, even with these many doublings, fish cells are able to 
endure these culturing processes without aberration and maintain their chromosomal stability.16  
 
According to Sugii et al, culture media components can help tailor cultivated fat to have lower saturated fat 
and higher unsaturated fat. Additionally, cultivated adipocytes can be enriched with digestible proteins and 
micronutrients and vitamins not abundant in pb products.17 To achieve the desired organoleptic properties, it 
may be necessary to reconstruct adipocyte cells with other meat constituents, such as muscle cells, connective 
tissue, and extracellular scaffolds. This could help establish a co-culture of preadipocytes and myosatellite cells 
and vascularization can be used to deliver media nutrients to the self-assembled structure.18  
 
Ultimately, there are many potential benefits to culturing fish cells that may ease the path to scalability. This 
is mostly attributed to fish cells’ ability to adapt to low oxygen environments, cooler temperatures, and 
different pH environments in vitro. Lever VC has already made select investments in the space with Avant and 
Bluu Biosciences partnerships, and this will be an area we continue to actively monitor for opportunities. 
 
 
 

 
15 Reassessment of adipocyte technology for cellular agriculture of alternative fat  
16 A More Open Approach Is Needed to Develop Cell-Based Fish Technology: It Starts with Zebrafish   
17 Alternative fat: redefining adipocytes for biomanufacturing cultivated meat  
18  Reassessment of adipocyte technology for cellular agriculture of alternative fat  

https://pubmed.ncbi.nlm.nih.gov/36018497/
https://www.cell.com/one-earth/fulltext/S2590-3322(20)30294-3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2590332220302943%3Fshowall%3Dtrue
https://pubmed.ncbi.nlm.nih.gov/36117023/
https://pubmed.ncbi.nlm.nih.gov/36018497/



