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Main Takeaways 
We assessed how current and near-term AI tools affect the commercial viability of cultivated 

meat. We reviewed existing and emerging AI applications across the sector's main 

bottlenecks—technical, economic, regulatory, political, and consumer-facing—and asked 

which bottlenecks AI can meaningfully address and which it cannot. Our goal is to help 

funders and strategists decide where to direct resources in light of rapid AI progress. 

 Key Findings::   

●​ AI could provide a large relative uplift for cultivated meat, but actual adoption is far 

below the ceiling, constrained by data scarcity, company secrecy, funding shortfalls, 

and a small workforce. 

●​ Open-access data is the binding constraint. Even as AI systems become more 

capable, they can only help cultivated meat R&D if sector-specific data exists to train 

and apply them. 

●​ AI currently appears to help the least with addressing negative sentiment from 

policymakers or consumers. Insofar as investors have fled due to uncertainty about 

regulation or demand, AI advances do not clearly translate into progress for the sector. 

●​ Broader AI trends (agentic systems, improving LLMs, and automated labs) could 

close the gap between AI's theoretical and realized impact, primarily by lowering the 

expertise threshold for deploying specialized tools. But conventional meat producers 

have more data, capital, and infrastructure to use these same tools, so the net effect 

on displacement is ambiguous. 

 Recommendation::  

Funders who consider cultivated meat promising should prevent further political bans, invest 

in open-access data and AI tools, and measure actual purchasing behavior and meat 

displacement as products reach market. As AI compresses technical timelines, non-AI 

institutional work—regulatory capacity, political strategy, consumer research—may become 

comparatively more important and neglected, and more in need of philanthropic support.​
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Executive Summary 

Context 

●​ There is considerable disagreement about when, if ever, cultivated meat will displace 
conventional meat at scale.  

●​ Increasingly sophisticated large language models (LLMs) and AI agents may help 
address the cultivated meat industry's most pressing bottlenecks.  

●​ On the other hand, it may be that AI is largely irrelevant to some of these challenges. 
Or, perhaps, transformative AI (TAI) would meaningfully accelerate progress, but 
today's AI tools are insufficient.  

What We Did 

●​ We reviewed what AI tools are currently available or in development to benefit the 
cultivated meat industry as of April 2026. 

●​ We assessed the extent to which deployment of these tools could and will address the 
industry's most pressing bottlenecks over the next ~5 years.  

●​ We highlight which bottlenecks deserve greater attention because they benefit less 
from AI progress.  

What We Found (see Table 1 for summary) 

●​ AI could provide a large relative uplift for cultivated meat compared to many other 
industries, because the sector faces numerous well-defined scientific and engineering 
problems where AI tools already exist or are emerging.  

●​ Yet actual AI adoption in cultivated meat appears far below this ceiling. The constraints 
are data scarcity, company secrecy, funding shortfalls, and the small size of the 
workforce. 

●​ AI currently has no obvious application for addressing negative sentiment from 
policymakers or consumers. Insofar as investors have fled due to uncertainty about 
regulation or demand, advances in AI do not obviously translate into progress for the 
sector. 
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●​ Broader trends in AI, including improving LLM capabilities, agentic AI, or fully 
automated labs, could reduce the gap between theoretical and realized AI impacts in 
cultivated meat by minimizing uptake barriers for specialized AI tools. 

Table 1: AI’s current and potential impact on cultivated meat bottlenecks 
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Bottleneck Solving 
itself 
without 
AI? 

Is AI 
already 
helping? 

Could AI 
help in 
the next 
5 years?* 

Examples of relevant AI tools and 
interventions 

Designing 
biological 
inputs 

Some 
progress 

Partially Yes -​ Open-access data to train models for 
media optimization and cell-line 
engineering 

Scaling the 
science 

Some 
progress 

Partially Yes -​ Open-access data to train models 
-​ AI-driven digital twins, or predictive 

models to anticipate how processes 
behave at each scale-up step 

Achieving 
sensory parity 

Some 
progress 

No Yes -​ Generate paired sensory–composition 
training datasets as an open-access 
public good 

-​ Models for predicting sensory attributes 

Scaling 
production with 
profitable unit 
economics 

Some 
progress 

Partially Partially -​ AI-driven monitoring and image 
processing of bioreactors for early 
detection of culture decline and batch 
failure, with real-time parameter 
adjustment 

Reducing cost 
of 
infrastructure 

Some 
progress 

No Unclear, 
lean no 

-​ AI-enabled manufacturing (robotic 
fabrication, automated quality control) 
for bioreactor production 

Regulatory 
capacity and 
timelines 

No Partially Partially -​ Frontier LLMs to speed up regulatory 
approval processes within regulatory 
bodies 

-​ Frontier LLMs for companies to navigate 
regulatory pathways and check dossier 
completeness against published 
guidance 

Political bans No No Lean no -​ LLMs for campaign design and 
efficiency 

Consumer 
perception & 
acceptability 

No No Unclear -​ AI-powered consumer segmentation to 
help companies identify which framings 
and product attributes are most 
effective for which consumer groups 

Capital & No No Unclear, -​ AI-driven cost reductions in media, 



 

* Assuming no AGI/TAI in the next five years 

Strategic Implications 

●​ For funders who consider cultivated meat a promising technology, a couple of 
priorities persist, whether or not you think AI makes a difference to cultivated meat 
strategy: 

○​ Preventing further bans. This is a precondition for the sector reaching 
consumers and could also help attract more funding to the space.  

○​ Measuring consumer acceptance and conventional meat displacement as 
products become available will help assess whether the sector delivers on its 
stated benefits and update strategy accordingly 

●​ If you think AI is necessary for making cultivated meat competitive with 
conventional meat or that the gap between AI's potential and actual contribution to 
cultivated meat should be closed, you should consider prioritizing generating 
open-access data and AI tools for the cultivated meat sector. 

●​ If the potential of AI tools for cultivated meat is realized, we expect R&D 
bottlenecks to be relatively less neglected and institutional or consumer bottlenecks 
to be the binding constraint.​ ​  

How This Analysis Could Be Wrong 

●​ Cultivated meat companies are keeping quiet about major productivity 
improvements facilitated by AI. Cultivated meat companies arguably have a strong 
incentive to overstate their progress in order to improve investor sentiment. That said, 
they can boast about breakthroughs without necessarily giving due credit to AI tools. 
Companies may be remaining coy about internal AI use to preserve competitive 
advantages. 

●​ Short timelines for transformative AI render current limitations irrelevant. We 
restricted our projections to only 5 years, because longer forecasts suggest a 
non-trivial probability of TAI by then (e.g. see Wynroe et al., 2023). We hope to do 
some follow-up work on how TAI changes the picture we have depicted here, but do 
not yet have firm views.  
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Funding lean no bioprocess control, and sensory 
optimization could derisk further 
investment 

-​ Frontier LLMs at cultivated meat 
companies to reduce operating costs 
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About This Report 
Below, we go through the bottlenecks in turn, describing progress that has been made on the 
bottleneck, regardless of AI progress, and then examining theoretical and demonstrated AI 
applications that could improve the bottleneck. 

Methods 

We drew on three main types of evidence to produce this report. First, we conducted a broad 
reading of academic literature, industry reports, and news articles on cultivated meat 
bottlenecks and AI applications. Second, we attended the Bezos Centre for Alternative 
Proteins conference and conducted semi-structured interviews with five industry experts and 
researchers, including those working at cultivated meat companies, academic labs, and 
non-profit organizations. We also had experts (including AI in cultivated meat specialists and a 
wider alternative protein sector expert) review a draft of this report to check for mistakes or 
areas where views and assumptions differ. Third, we reviewed existing techno-economic 
analyses and funding landscape data.  

We did not conduct a comprehensive systematic review. Where we state that we "did not find" 
evidence of a particular application, this reflects the scope of our search rather than definitive 
absence. We flag throughout the report where our evidence is thin and where our 
assessments reflect judgment rather than empirically demonstrated claims. 

Scope 

We provide a non-exhaustive list of the bottlenecks cultivated meat faces before it could 
meaningfully displace animal agriculture.  

We categorize these key bottlenecks into five broad categories: 

●​ Technical or scientific: how to make cultivated meat  

●​ Economic and cost: making it affordable to produce 

●​ Regulatory and political hurdles: getting permission to sell 

●​ Consumer perception and acceptance: getting people to buy cultivated meat 

●​ Capital and funding: having money to develop facilities and products 

It is necessary to overcome these five bottlenecks for reaching the ultimate goal of 
displacement, whether cultivated meat actually replaces conventional meat in consumer diets. 
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These categories are not mutually exclusive, and there are feedback loops between them. We 
treat them separately for clarity, but note that progress on one can create traction with 
another. For example, a challenge related to reducing the cost of a component may also be a 
scientific challenge, such as finding a new formulation that is cheaper than the standard one. 
We categorize bottlenecks based on our impression of what challenge the bottleneck most 
contributes to, but we concede that this can be somewhat messy in practice.  

We describe each bottleneck, highlight any progress that has been made so far, then assess 
AI's impact on each bottleneck category in turn, covering what AI already does, what it could 
plausibly do based on today's capabilities, and where it appears to offer little help.  

We distinguish between how AI could help in theory and how it actually helps, based on 
uptake and actual deployment of AI tools. For the latter, we generally focus on commercial 
applications of AI, as these provide the most relevant examples of actual AI use. While we 
give many examples, we do not provide an exhaustive list of all current and potential AI 
applications for each area.  

What AI means in this report 

We define "AI" broadly in this report to encompass the range of machine learning (ML) 
techniques and capabilities that could affect cultivated meat development. This includes 
classical ML methods (such as Bayesian optimization for experimental design), purpose-built 
scientific models (such as AlphaFold for protein structure prediction), and contemporary LLMs. 
It also includes AI agents—systems that can autonomously plan multi-step workflows, call 
specialized tools, and iterate on results with limited human oversight—and automated 
laboratories where AI controls physical instruments directly. We discuss these broader AI 
trends in a dedicated subsection because the distinction between individual AI tools, 
tool-integrated agents, and autonomous laboratory systems affects how quickly technical 
bottlenecks could plausibly be resolved. 

We note that AI capabilities are developing rapidly, and our assessment reflects the state of 
the field and near-term projections as of April 2026.  

Why we focus on cultivated meat 

Cultivated meat is further behind than other alternative proteins and faces more unsolved 
technical problems, making it a useful case study for understanding AI's impact on an 
emerging food-tech sector.  
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Box 1: Cultivated meat processes and terminology 

Most information in this box is based on the Good Food Institute’s (GFI) online course 
“The science behind alternative proteins.”  

Cultivated meat starts with living animal cells. To produce meat without slaughtering 
animals, companies take a small sample of cells from an animal and grow them in a 
controlled environment. Some cell types are isolated from this cell starter culture to 
establish cell lines.  

Cell lines are populations of cells that can divide repeatedly under laboratory 
conditions. Companies need cell lines that grow reliably, produce large quantities of 
biomass, and maintain their desired properties over many rounds of division. It is 
possible for engineered cell lines to be used to create desired traits.  

For large-scale commercial viability, cultivated meat cell lines need to achieve several 
things: immortalization (the ability to keep dividing), growth in serum-free and ideally 
animal-component-free media, and—for many companies—adaptation to suspension 
culture (growing freely in liquid rather than attached to surfaces). For an overview of 
desired cell line traits, see (Riquelme-Guzmán et al., 2024, Fig. 1). 

The first part of production involves cells multiplying inside large steel vessels called 
bioreactors. These bioreactors must be kept aseptic and provide the necessary 
conditions for cells to grow, including temperature, oxygen, and cell culture media 
delivery. 

Cell culture media is a mixture given to the cells to provide nutrients needed for 
growth. 

Growth factors are one component of cell culture media consisting of proteins that 
signal cells to grow, divide, or specialize into particular tissue types. 

While proliferating, cells produce metabolic waste, like lactate and ammonia, that can 
become toxic to the cells if not managed. Removal of these wastes can be non-trivial, 
particularly at larger scales. 

Production may then move onto tissue perfusion, where cells are differentiated into 
different parts of meat (e.g., fat and muscle).  

Scaffolds—structures that cells can adhere to—may be used to create different 
structures and textures to mimic different meat types and cuts. 
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1. Technical or Scientific: How to 
Make It  

1.1. Designing the Biological Inputs 

The process of making cultivated meat depends on several biological building blocks working 
together, including cell lines and cell culture media. 

The industry has made progress in developing good cell lines. Key challenges include finding 
or engineering cell lines that can: 

●​ divide many times without losing function (immortalization) 

●​ grow in serum-free and animal-component-free media 

●​ be adapted to suspension culture for scalable bioreactor production 

●​ have the ability to differentiate into many cell types 

Progress on cell lines has been made in a few directions. First, spontaneous immortalization 
of various species cells has been demonstrated, including for chicken and bovine cells, and 
several publicly accessible cell lines are now available for research (e.g., Stout et al., 2023; 
Saad et al., 2023). In 2025, GFI acquired SCiFi Foods' CRISPR-immortalized, 
suspension-adapted1 bovine lines for open distribution via Tufts University Open Cell 
Bank—the first time suspension bovine cells have been publicly accessible. However, cell 
lines from a wide range of species that have demonstrated production capabilities are still 
needed.2 

Cell culture media—the nutrient liquid in which cells grow—historically relied on fetal bovine 
serum (FBS), a product extracted from the blood of unborn calves during slaughter. FBS 
contains a complex mixture of growth factors, hormones, and nutrients that support cell 
growth. However, the industry is moving away from FBS for several reasons: FBS is very 
expensive (e.g., Lee et al., 2023), it has high variability batch-to-batch (making consistent 
bioprocesses difficult), some evidence indicates FBS can cause undesirable adaptations in 
cells (for example, if the cells being grown are not bovine), and it makes cultivated meat 
products non-vegan (e.g., Venkatesan et al., 2022). 

2 A related, non-technical challenge remains around whether native or genetically modified cells are 
more acceptable to consumers and regulators (though note that UPSIDE foods has already received 
regulatory approval in the US with a genetically engineered cell line). 

1 Suspension adaptation refers to engineering or training cells to grow floating freely in liquid 
medium—rather than attached to a surface. Suspension cultures can more easily be scaled up in large 
stirred-tank bioreactors. 
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Reformulating media without FBS requires identifying which specific components of FBS the 
cells actually need and then sourcing or engineering non-animal alternatives for each. 
Researchers and companies have pursued several strategies, and at least six companies have 
now achieved approval for products with serum-free media formulations. 

The remaining challenges for serum-free media are primarily optimization problems rather 
than scientific barriers. Each cell line and production approach typically requires its own 
media formulation, optimized for specific growth characteristics, differentiation behavior, and 
cost targets. Optimization can include several dimensions—for example, the cells (engineering 
cells to grow more efficiently in specific media), formulation of the media (finding the right 
combination of nutrients, growth factors, and supplements), and sourcing of raw materials. 
While companies have demonstrated that specific serum-free media is achievable, the 
prevailing challenge is whether it can be made cheaply and reliably enough across the range 
of species and cell types the industry needs.  

AI accelerates biological input design, but published 
applications in cultivated meat remain scarce 

Below we give a handful of examples of AI tools that are or can be used in cultivated meat 
R&D. We likely could have given more examples, but we assume many readers are already on 
board with the idea that AI tools can and do significantly uplift science R&D. If you would like 
to see more examples, we recommend this recent review of AI applications in cultivated meat. 

AI for media optimization applications likely exists. Companies usually need to test 
thousands of media formulations to find combinations that support reliable cell growth—a 
process that traditionally requires running each formulation manually, culturing cells, and 
evaluating outcomes. As researchers note, since cell culture media have many components 
and need to meet multiple requirements (such as price, stability, and effect on cell growth), 
media design can be treated as a hyperparameter optimization problem.  

AI can help companies maximize the value of limited experimental budgets—if a company can 
only afford 100 experiments out of 1,000 possible, AI-guided experimental design can help 
select the most informative 100 of the bunch. Multus’ MediOP platform addresses this by 
using machine learning models to optimize formulation by extracting data from thousands of 
automated parallel experiments, with the model’s dataset growing each time new media is 
made. Clever Carnivore has also cited AI as contributing to their media cost reductions, 
though details are limited. 

Another bottleneck is monitoring cell cultures as they grow. Counting cells accurately and 
non-invasively is essential for knowing when to harvest, when to adjust media, and how well a 
culture is performing. Traditional methods require staining cells with dyes (which can be costly 
and interfere with growth) or removing samples from the bioreactor. Hoxton Farms, which 
produces cultivated fat, made a model called BrightQuant that can estimate cell density from 
unstained images and be used across different cell lines. 
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There are also several tools that plausibly could help with cultivated meat R&D, but we 
could not find published applications by cultivated meat companies.3 The cultivated meat 
literature identifies several protein-engineering needs that these tools could plausibly 
address. Some growth factors degrade quickly in high temperatures, and enhancing their 
thermostability is a recognized priority—a 2025 review discussed machine learning as an 
emerging approach for improving growth factor thermostability, specifically for cultivated meat 
applications (Mainali et al., 2025). Scaffolding for structured cultivated meat products requires 
proteins with specific cell-adhesion and mechanical properties. Tools such as AlphaFold 3, 
which predicts structures of proteins, and AlphaProteo, which designs novel proteins that can 
bind to target molecules, could, in principle, help optimize growth factor thermostability and 
generate novel scaffold proteins optimized for food-grade use. However, we did not find any 
published papers or public announcements from cultivated meat companies reporting 
applications of AlphaFold, AlphaProteo, or similar frontier protein-engineering tools, though 
some groups are generating the growth factor data that could unlock such applications.4 

Cell line engineering—optimizing cell lines for the traits described in Box 1—is another area 
where AI could contribute, though we found no cultivated meat-specific examples yet 
(Todhunter et al., 2024, §3.4, discusses this further). 

1.2. Making the Science Hold at Scale 

Scaling up means growing cells in progressively larger bioreactors, from bench-scale (a few 
litres) to pilot-scale (hundreds of litres) to commercial-scale (thousands of litres or more). At 
each step, the physical environment inside the bioreactor changes in ways that can harm or 
kill cells. 

In a small vessel, nutrients and oxygen can reach cells easily. In a larger vessel, mixing can 
become uneven, oxygen gradients form (some cells get too much oxygen, others too little), 
shear stress from stirring can damage animal cells, and temperature gradients can build up. 
Currently, each increase in scale still requires running real bioreactors and validating that cells 
behave as expected. 

Companies can increase total production capacity in two main ways. Some pursue scale-up 
(building individual bioreactors that are as large as possible), which maximizes the output per 
vessel but runs directly into the biological challenges described above. Others pursue 
scale-out (running many smaller bioreactors in parallel). Scale-out avoids the biological 
problems of very large vessels but increases operational complexity, facility footprint, and 
capital requirements. 

4 Dr. Lucy Cadwell from Google DeepMind did give a presentation on AlphaProteo at the Bezos Centre 
for Sustainable Protein Conference 2026.  

3 Note that a lack of published applications is not necessarily indicative of low actual application of AI 
tools. Companies may keep models and AI use as proprietary information. 
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AI could help scale-up science through digital twins and 
bioprocess control, but adoption is early-stage 

As described in section 1, scaling up cultivated meat production is difficult because the 
physics of a bioreactor change fundamentally at larger volumes—mixing, oxygen transfer, and 
heat dissipation all behave differently. A digital twin is a computational model of a biological 
system (in this case, a bioreactor and the cells growing in it) that integrates multiple types of 
data to simulate how the system behaves under different conditions. Companies can use 
digital twins to run "virtual experiments"—testing the effect of changing a parameter like 
temperature, stirring speed, or media composition in simulation before committing to 
expensive physical runs. 

While digital twins are not necessarily AI-driven, it is likely that machine learning models could 
better learn complex, non-linear relationships from data and more readily adapt based on new 
data. Gourmey partnered with DeepLife to create a digital twin of avian (bird) cells, which can 
simulate cell behavior under a variety of conditions, allowing optimization of different 
attributes and inputs without running wet-lab experiments. They report that “these 
optimizations are actively informing commercial-scale production”. 

AI tools can also be used to directly control the conditions inside bioreactors (e.g., Rajasekhar 
et al., 2024), which could minimize errors and the level of oversight needed. Cultivated meat 
company Magic Valley partnered with Pythag Tech to integrate AI in bioprocesses throughout 
scale-up and optimize media formulations. They report that this will lead to “reduced waste 
from manual experimentation, lower per-kilogram production costs, and shortened research 
and development timelines.” 

1.3. Achieving Sensory Parity 

Turning cultured cells into products that taste, look, cook, and feel like animal meat remains a 
major challenge—particularly for structured products like steaks and chicken breasts, which 
are also currently more expensive to produce than unstructured products. Structured 
products require a scaffold: a three-dimensional structure that cells can grow into, align within, 
and differentiate across, replicating the layered architecture of real muscle tissue. Identifying 
scaffolding materials that meet food safety requirements and can accurately replicate the 
structure of natural meat at scale remains an active area of scientific research.5  

Some pragmatic near-term paths avoid the full sensory parity challenge by targeting products 
where human sensory expectations are lower, such as pet food (e.g., Meatly). 

5 Experts told us that there is disagreement in the field about how sensory parity can be achieved. 
Some argue that the flavour of cultivated meat will largely emerge from the biology of the cells 
themselves. Others argue that sensory quality that these attributes must be actively engineered from 
the outset through choices about cell differentiation, scaffolding, and formulation.  
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AI could speed up sensory optimization, but we found no 
current applications 

Traditional food product development involves preparing physical samples, recruiting and 
running sensory panels (groups of trained human tasters), collecting and analyzing their 
responses, and then reformulating.  

Machine learning models can predict sensory attributes like taste, texture, aroma, and 
consumer acceptance from non-sensory data (chemical composition, physical measurements, 
spectroscopic profiles), potentially reducing the number of human sensory panels needed 
(Nunes et al., 2023). Electronic tongues—sensor arrays that mimic aspects of human gustatory 
perception—can generate standardized data that ML models interpret to classify and predict 
food qualities (Hao et al., 2025). See Weinstock (2026) for a more pessimistic view, 
suggesting that AI will not be technically capable of predicting human taste perception. 
Weinstock suggests the industry should continue relying on human panels instead. 

We did not find published examples of cultivated meat companies using these tools for 
sensory optimization specifically, though there is early academic scoping work (Todhunter et 
al., 2024; Thomas et al., 2025). NECTAR is actively working to build the paired sensory 
preferences datasets and AI tools needed to predict how changes in formulation affect how a 
plant-based product tastes and feels. The underlying capability could, in principle, be applied 
to cultivated meat products as the necessary training data accumulates. Integrating AI tools 
for sensory analysis largely depends on generating the paired sensory-composition datasets 
that ML models need for training, which largely do not yet exist for cultivated meat. 
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2. Economic and Cost: Making it 
Affordable to Produce 
To understand whether cultivated meat could meaningfully displace conventional meat, we 
need to understand whether and how much price affects consumer purchasing habits. 
Willingness-to-pay (WTP) for cultivated meat is heterogeneous, and the key uncertainty is 
whether there exists a sufficiently large segment of consumers with high enough WTP to 
make products commercially viable. Multiple studies have found that substantial consumer 
segments value cultivated meat below conventional meat—that is, they would require a 
discount to choose it (Van Loo et al., 2020; Kantor & Kantor, 2021; Asioli et al., 2022; Yu et al., 
2025). The field consensus, as conveyed to us by industry experts, is that cultivated meat 
cannot sustain a price premium over conventional meat and must reach at least price parity to 
succeed. 

For cultivated meat to be sold at low prices, it must be produced as cheaply as possible. The 
CEO of Fork & Good argued that scaling up production while keeping costs down requires 
both technological innovation and infrastructure development (Mridul, 2026). We address 
each below. 

2.1. Scaling Production With Profitable Unit Economics 

As well as being a scientific problem, scale-up is also an economic issue. Cell culture media 
have historically been, and in large part still remain, the single largest operating cost. Expert 
estimates compiled by GFI suggest media accounts for roughly 55%–95% of the per-unit 
operating cost of cultivated meat production, depending on the media formulation and 
production approach used (Specht, 2020, p. 6; Gu et al., 2025, §4.2.4).6  

Patterns in media cost have been promising. A widely cited techno-economic analysis of 
large-scale cultivated meat production (Humbird, 2021) estimated a production cost of $37 
per kilogram at a global production volume of 100 million kilograms per year, with growth 
factors contributing $3 per kilogram (Table 2). Secondary sources have characterised 
Humbird’s most optimistic scenario as implying media costs of roughly $2.50 per litre and a 
production cost floor of $16–21 per kilogram (Lever VC, 2025), though Humbird has disputed 
some of these characterizations and cautioned against comparing media costs on a per-litre 
basis without accounting for how much media is needed per kilogram of product. 

 

6 The wide range reflects different assumptions about whether pharma-grade or food-grade inputs are 
used, which growth factors are required, and whether the media includes serum. We note that these 
figures are based on expert estimates and techno-economic analysis projections rather than published 
data from commercial-scale facilities, which we could not find. 
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Several companies have claimed costs substantially below Humbird's predictions. The CEO of 
Meatly recently reported at the Bezos Centre for Sustainable Protein Conference in March 
2026 that they work with cell culture media costing 22 pence (GBP) per litre, which could 
reach 1.5p when producing at scale. A Believer Meats-funded,7 peer-reviewed analysis found 
media costs of $0.63 per litre (Pasitka et al., 2024). A report from Lever VC compiled claims 
from several other companies of costs 10–30x cheaper than Humbird's prediction. The lowest 
public claim we found was from Clever Carnivore at $0.07 per litre. We note that most (though 
not all) of these figures are self-reported by companies and investors with clear incentives to 
present optimistic numbers, so we cannot easily verify the veracity of these claims. 
 
We also note that the cost of media per litre alone can be misleading. Conversion ratio—the 
amount of media per kilogram of cultivated meat product—also matters. A cheaper medium 
that requires more volume per kilogram of output may not represent an improvement over a 
slightly more expensive medium with better conversion efficiency. 

Growth factors, one component of cell culture media, used to be prohibitively expensive 
because the only existing manufacturing infrastructure produced them for pharmaceutical 
applications, where production at very small scales resulted in high prices per unit. 
Pharmaceutical production requires extremely high purity ("pharma-grade"), which demands 
high-quality materials, sterile equipment, and rigorous batch testing—specifications far 
beyond what food products require. Producing these proteins at food-grade purity and 
food-industry scale has brought costs down substantially (Swartz, 2023, p.37).  

While costs will likely come down with economies of scale, other approaches to growth factor 
cost reduction involve engineering. The first is engineering the growth factors 
themselves—optimizing the microbial organisms that produce growth factors to increase 
yields and reduce costs, or modifying the growth factor proteins to improve their properties. 
Second, some researchers are investigating whether cells can be engineered to not need 
growth factors.8 

The shift from pharma-grade to food-grade production is a recurring theme across cultivated 
meat economics. It applies not just to growth factors but also to bioreactor design, facility 
construction, and quality control systems (see "Reducing Capital Cost of Infrastructure" 
below). 

AI could accelerate specific aspects of the production cost 
challenge 

Optimizing inputs like growth factors, minimizing wet-lab experiments, and controlling 
bioreactor conditions in the ways described above could reduce costs that scale with 
production (the more cells you grow, the more growth factor you need). There are a few other 

8 Note that where genetic modification is used, a product may be subject to more stringent regulatory 
approval processes. 

7 Believer Meats has since ceased operations 
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ways AI could help improve unit economics, though we did not find evidence of cultivated 
meat applications yet. 

Bioprocess optimization to reduce batch failure rates (Todhunter et al., 2024 §6.1). AI-driven 
image processing and predictive models could reduce batch failure rates by identifying early 
warning signs of culture decline and adjusting parameters in real time. AI sensors and 
computer vision models could also detect contamination early (e.g., Chelvam et al., 2025). 

Yields could be improved through better feeding strategies. AI models that predict optimal 
nutrient feeding schedules—when to add media, how much, and what composition—could 
increase the amount of biomass produced per litre of bioreactor capacity.  

AI-driven process control could plausibly reduce energy consumption for heating, cooling, 
and mixing, and optimize water and nutrient recycling—though we did not find published 
studies quantifying these gains for cell culture specifically. We expect these gains to be 
modest in the near term compared to the gains from engineering redesign (such as the 
food-grade vs. pharma-grade transition described above), but they could have cost-saving 
effects as production scales up. 

2.2. Reducing Capital Cost of Infrastructure 

Insofar as unit economics are improving, infrastructure is the more binding economic 
constraint. Costs for a single commercial facility can be in the dozens of millions, and 
companies often don't have existing cash flows from other products to finance these 
investments—they have to raise the capital on the promise that one day there will be a 
commercially viable product. 

Bioreactors designed for pharmaceutical-grade production are expensive (due to the 
stringent requirements for sterility), and food-grade bioreactors are not widely available, so 
they lack economies of scale. A large number of new facilities are needed for cultivated meat 
production to meaningfully increase. One analysis estimated that producing around 0.3% of 
projected 2030 global meat production would require about 11 to 44 times the current 
bioreactor capacity of the pharmaceutical industry, at current levels of cell-culture productivity 
(though productivity levels continue to improve).  

Some companies are making headway on reducing costs by applying the same 
pharma-to-food-grade logic to infrastructure. Meatly trialed a new 320-liter bioreactor costing 
£12,500 (typical costs can be £250,000); Vow developed a 20,000-liter bioreactor for under 
$1M using former SpaceX engineers—the largest operational cultivated meat bioreactor to 
date. 

While cultivated meat companies are increasingly designing purpose-built food-grade 
equipment rather than repurposing pharmaceutical bioreactors, the scale of the infrastructure 
gap could still be compounded by the fact that cultivated meat is not the only sector seeking 
to build large-scale bioprocessing capacity—pharmaceutical industries and precision 
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fermentation are too. The sector could draw on overlapping pools of skilled bioprocess 
engineers and stainless steel fabrication capacity. Whether this competition for shared inputs 
does or would persistently constrain cultivated meat infrastructure costs—particularly given 
that pharmaceutical companies can typically afford to pay more for the same talent and 
materials—is an open question we have not seen addressed in the literature. 

Other approaches are being trialed too. Shared infrastructure models, where pilot-scale 
facilities (which are the first scale-up step from lab-scale facilities) are open-access and are 
already in operation in the UK, the Netherlands, and Singapore. Practitioners in the field 
consistently rank these as a high priority. 

Nevertheless, capital expenditure can still strain companies. One example is Believer Meats, 
which achieved FDA and USDA approval and built a facility with 12,000,000 kg annual 
capacity, but filed for bankruptcy in December 2025 after allegedly failing to pay $34 million 
in construction bills. 

We found limited evidence of AI applications for infrastructure 
cost reduction 

We searched for examples of AI tools being applied to reduce cultivated meat infrastructure 
costs (such as AI-assisted facility design, construction planning, or equipment optimization) 
and did not find publicly accessible evidence of applications. 

AI could, in principle, help with specific aspects of facility design and construction, such as 
modeling factory layouts and material supply chains. Our impression is that the core 
bottleneck in infrastructure cost appears to be engineering insight and capital access. The 
dramatic cost reductions achieved by some companies seem to have come from 
domain-specific decisions about materials and sterilization methods, not from computational 
optimization of existing designs.  

One area where AI-adjacent technology could plausibly matter is advanced robotics and 
automation for bioreactor manufacturing itself. Companies like Meatly and Vow achieved cost 
reductions partly through custom design and fabrication. If the companies building 
bioreactors and processing equipment used AI-enabled manufacturing (e.g., robotic welding, 
automated quality control), they could potentially produce equipment more cheaply and pass 
savings on to cultivated meat producers. This is speculative—we did not find evidence of this 
happening yet, but we did not do a comprehensive search—but it could be an indirect 
pathway through which AI could reduce infrastructure costs without cultivated meat 
companies themselves adopting AI tools. 
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3. Regulatory and Political 
Hurdles: Getting Permission to 
Sell 
Even technically and economically competitive products can be blocked from the market by 
political barriers.  

3.1. Regulatory Capacity and Timelines 

Cultivated meat companies face several distinct regulatory challenges. The first is the time to 
approval: food safety agencies are often poorly resourced and slow, and the evidence 
companies must provide to secure approval is not always obvious before starting the process. 

At a panel at the Bezos Centre for Sustainable Protein Conference 2026, company leaders 
were asked to choose between a hypothetical fast-track regulatory approval, a 100,000-litre 
bioreactor, or a massive drop in media cost. Most chose regulatory approval, citing that it 
unlocks revenue, investor confidence, and consumer feedback. The CEO of Ivy Farm 
Technologies also recently named regulatory timelines as a key challenge.  

Regulatory pathways for novel foods are frequently unclear. The United Nations Food and 
Agriculture Organization recently called for regulators to simplify processes for cultivated 
meat (FAO, 2026, p. 29–30), suggesting some attention is being paid to the issue. The UK 
Sandbox programme was created in part to try to improve these issues. It ensured dedicated 
Food Safety Agency capacity to evaluate submissions and provides pre-application advice to 
companies that may seek approval. Recently, the UK FSA suggested that it could approve 
cultivated meat for sale within the next five years. 

The second challenge is whether products will pass the approval process. Different 
production methods entail varying requirements. Genetically modified components, for 
example, would have a higher regulatory burden. Some commentators have raised concerns 
about contamination risks in bioreactors—the warm, nutrient-rich environment that supports 
animal cell growth could also support the growth of pathogens if sterility is compromised. We 
are uncertain about how serious this risk is in practice (companies have strong incentives to 
maintain sterility, and contamination would typically be detected through standard quality 
control), but regulators will need to be satisfied that production processes are sufficiently safe 
each time they produce.  

Finally, companies also face a sequencing problem. Securing regulatory approval requires 
detailing the production methods that will be used when the product is produced at 
commercial scale. Therefore, companies can struggle to secure approval without scale-up 
data, but they struggle to fund scale-up without the revenue that approval would enable. A 
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further complication is that novel food approvals are typically granted for a specific product 
produced under specific conditions (e.g., in the EU: Monaco, 2025; Johnson & Monaco, 
2025). If a company subsequently wants to change its cell line, media formulation, or 
production process, it may need to submit a new or amended application and go through a 
lengthy review process again. If companies have limited ability to iterate on their products 
once approved, it could slow the pace of improvement that would otherwise drive down costs 
and improve consumer acceptance.  

AI may help with some aspects of regulation 

Some AI tools are already being adopted by regulatory agencies. In December 2025, the 
FDA announced deployment of "agentic AI" for all agency employees to assist with complex 
tasks, including safety reviews, inspections, and compliance. The FDA also deployed an 
internal generative AI tool called "Elsa" to help staff with reading, writing, and summarizing 
internal documents. Whether these tools meaningfully accelerate the throughput of novel 
food applications—as opposed to medical device or drug reviews, which are the FDA's 
primary focus—is unclear, but it nevertheless demonstrates that regulatory bodies are open to 
using AI to accelerate processes. 

AI could also help on the applicant side. Cultivated meat regulatory filings require substantial 
safety data—toxicology assessments, allergenicity testing, nutritional analysis, and evidence 
that production processes are consistent and controlled. AI tools could help companies 
design more efficient safety and toxicity experiments, analyze complex datasets from those 
experiments more quickly, conduct literature reviews, and prepare regulatory dossiers faster. 
They could also help companies understand complex regulatory pathways and processes 
faster and run dossier completeness checks against published guidance requirements, 
flagging gaps before submission reaches a human reviewer. We did not find published 
examples of cultivated meat companies using AI in this way, but we expect that several may  
be doing so with widely available LLMs (here is some evidence in favor of this). 

We remain uncertain about the net effect of AI on regulatory throughput. The binding 
constraints on regulatory timelines appear to include agency staffing levels, the inherently 
sequential nature of safety review, legal accountability requirements (where human 
decision-makers must ultimately sign off), and political dynamics. AI may compress some 
parts of this process, but we think it is somewhat unlikely to eliminate the need for human 
judgment at critical decision points, at least for now. 

We speculate that AI could reduce approval timelines by months rather than years, but we 
have low–medium confidence in this estimate. Our reasoning is that the longest phases in a 
typical novel food approval are likely missing data (which AI may be able to identify will be an 
issue before the application is submitted), data generation by the applicant (which AI could 
accelerate), expert scientific review by the agency (which AI could assist but currently human 
reviewers are required to be in the loop), and political or bureaucratic queuing (which AI does 
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not address).9 If AI halved the time companies spend preparing dossiers and halved the time 
agency reviewers spend evaluating scientific evidence (both likely optimistic assumptions), 
this would compress perhaps 6–12 months out of a 2.5-year process on our best guess. 

3.2. Cultivated Meat Bans 

Political opposition to cultivated meat has intensified in recent years. In the United States, 
eight states have banned the sale of cultivated meat (see Figure 1)—seven of which also 
banned production (see Appendix for more details). Approximately 21.5% (~75 million people) 
of the American population lives in states where production or sale is banned, with a further 
5% in states where a bill is currently proposed.10 Governor Ron DeSantis framed Florida’s ban 
as resistance to the “global elite’s plan to force the world to eat meat grown in a petri dish or 
bugs to achieve their authoritarian goals.”11 

Figure 1: Map of US states showing which states have enacted permanent bans (red), temporary bans 

(orange), have proposed a bill (yellow), or have proposed a bill that did not progress (light blue).  

 

 

 

 

 

 

 

 

 

 

 

11 A federal court also recently upheld Florida’s ban, ruling against a suit by Upside Foods. 

10 Based on World Population Review state and country data. 

9 An analysis of 292 EU novel food applications found that an application receives an average of 2.7 
requests for additional data by the European Food Safety Authority (EFSA) to the applicant, and that 
answering these constituted 47% (± 25%) of the total evaluation time (Le Bloch et al., 2025). These 
figures are for EU novel food applications generally, not cultivated meat specifically, but we expect the 
pattern to hold. 
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Italy and Hungary (around 15% of the EU population)12 have both banned cultivated meat 
production and sale, and Romania has proposed a ban.13 France proposed a ban in 2023, but 
the bill did not progress. In 2026, the EU banned the use of multiple meat-related terms for 
the sale of plant-based proteins and cultivated meat (while “burger,” “mince,” “sausage,” and 
“nuggets” are allowed, terms like “chicken,” “beef,” “pork,” and “bacon” are not), though no 
cultivated meat products are approved for sale in the EU. 

In the EU, novel foods like cultivated meat first have to pass the European Food Safety 
Authority risk assessment. If a product passes, the European Commission then drafts an act to 
approve the product, which the Standing Committee on Plants, Animals, Food, and Feed then 
votes on (GFI, 2024b; Monaco, 2025). The committee is composed of representatives from all 
EU member states, and qualified majority voting is used—the draft act can be blocked if four 
member states that represent more than 35% of the EU population vote against it (abstentions 
also count as votes against).  

In January 2024, delegations from Italy, Austria, France, and 11 other member states issued a 
note to the Council of the EU expressing concerns about cultivated meat safety. The three 
author countries account for around 30% of the EU population. Experts we spoke to 
suggested that there is a real risk that the EU could ban cultivated meat. 

How AI affects political bans is unclear at this stage 

The bans described above likely reflect economic interests (protecting conventional meat 
producers) and cultural politics (framing cultivated meat as unnatural or elitist). AI could, in 
principle, help advocacy organizations analyze political dynamics, identify proposed bans 
before they gain momentum, target communications more effectively, or identify persuadable 
legislators. However, the conventional meat industry would equally benefit from these same 
tools, so how this influences the current asymmetry is unclear. The ceiling for uplift is higher 
for less-resourced groups like animal advocates and cultivated meat companies, but only if 
those groups prioritize adopting AI tools.  

 

13 These bans may not be enforceable due to failure to notify the EU. 

12 Based on World Population Review and eurostat data 
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4. Consumer Perception and 
Acceptance: Getting People to 
Buy It 
Even if manufacturing and production problems are solved, the response from consumers 
remains unclear. 

Currently, awareness of cultivated meat is moderate—studies find around 43–60% of 
surveyed consumers report being aware of cultivated meat (e.g., see GFI, 2024a, p. 5 for a 
review of various sources).14 A 2024 poll found that only 27% of US adults consider 
themselves "very" or "somewhat" familiar with cultivated meat, even after the concept is 
explained to them (GFI, 2024a, p. 5). GFI Europe found familiarity rates ranging from 23% in 
Greece to 61% in the Netherlands, while studies in China and across 12 African countries 
found rates of 66% and 64%, respectively. 

Normally, a reliable way to understand consumer demand for a product is to observe 
purchasing behavior in a functioning market. Cultivated meat is not yet widely available, which 
means we cannot measure demand the way we ordinarily would, via revealed preferences in 
competitive retail environments. Instead, we must rely on stated preferences: survey 
responses, hypothetical choice experiments, and willingness-to-try or willingness-to-pay 
measures.  

However, consumers’ reported hypothetical willingness-to-try can differ substantially from 
actual consumer habits. One study using a discrete choice design (in which participants chose 
between specific meals) found that 59% of meals selected in a hypothetical choice were 
meat-free, compared to 36% in actual sales data (Brachem et al., 2019, note that cultivated 
meat was not included in this study). 

Deception studies—where participants are told that conventional meat is cultivated or vice 
versa and their responses are measured—offer another way to study consumer reactions 
even before products are widely available. One deception study (Rolland et al., 2020) found 
that consumers ranked a burger they thought was cultivated (but was actually conventional 
meat) higher for taste than the conventional burger.15   

Because cultivated meat is not yet widely available, we cannot yet accurately validate 
hypothetical willingness-to-try with actual purchasing habits, limiting what current metrics can 
tell us about future adoption.16  

16 One study surveyed 100 consumers in Singapore who had purchased a cultivated chicken product 
available there and found that the average willingness to eat it again was 4.41 out 5. However, since 
participants had to preregister to purchase the product, the results may not generalize to consumers 

15 The “cultivated” burger was served in smaller pieces than the conventional one, which the authors 
note could have played a role in consumer perception, potentially reflecting a scarcity effect. 

14 Awareness also varies by terminology used (e.g., see GFI, 2024a, p.4) 
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Still, some patterns can be observed that might be important for encouraging consumers to 
switch away from cultivated meat. 

A common assumption in the alternative protein space is that if cultivated meat can match 
conventional meat on price, taste, and convenience—sometimes called "parity"—consumers 
will switch. A lot of alternative protein strategies are based on this premise, and many 
techno-economic analyses and projections implicitly adopt this framing. However, achieving 
price, taste, and convenience parity may not be sufficient for cultivated meat to displace 
conventional meat consumption at scale. A range of evidence on cultivated meat attitudes 
suggests that social and psychological factors, including culture, social norms, neophobia 
(aversion to new things), and naturalness heuristics, play important roles in food decisions (for 
reviews see Bry-Chevalier, 2026; Onwezen et al., 2021; Peacock, 2026; Siegrist & Hartmann, 
2020). ​
​
Some estimates suggest that willingness to try cultivated meat sits below that for plant-based 
alternatives (e.g., Food Standards Agency, 2022). Among US consumers unlikely to try 
cultivated meat, GFI's 2024 data (p. 22) found the top reasons were: preferring conventional 
meat (37%), not thinking cultivated meat is "natural" (36%), favoring helping farmers (26%), and 
expecting to not like the taste or texture (25%). Overall, no one objection seems to 
consistently rank as most common, suggesting that the barriers to adoption could be diffuse 
rather than concentrated around only price, taste, and convenience. 

Second, while one might think that cultivated meat could hold a distinct appeal for consumers 
who reject plant-based alternatives (e.g., because plant-based options are not "real meat”), 
some evidence (e.g., Slade, 2018) found that consumer groups interested in plant-based and 
cultivated meat overlapped considerably. A separate study found that there was a portion of 
consumers who would not eat plant-based meats but would eat cultivated meat, but it was 
small (9% for “would buy” and 9.2% for “might buy” cultivated meat). The evidence is 
self-reported and from small samples, but may complicate the claim that cultivated meat will 
reach an otherwise unreachable audience.  

Third, a recent meta-analysis found that food technology neophobia—resistance stemming 
specifically from the technological nature of cultivated meat rather than simple unfamiliarity 
with novel foods—was a strong predictor of rejection. There is also growing concern that 
cultivated meat is vulnerable to being categorized as ultra-processed products in the minds of 
consumers, which is frequently ranked as a top food concern (e.g., in the UK: FSA, 2026a), 
though we lack strong empirical evidence on the magnitude of this effect for cultivated meat 
specifically.  

As cultivated meat becomes commercially available, researchers can begin measuring actual 
consumer behavior rather than relying on stated preferences—and these data will sharpen 
both advocacy and marketing strategies. Marketing research, message testing, and 
engagement with specific consumer segments are already being done to some extent by 

not already aware of cultivated meat, or with a low opinion of it. Moreover, the study does not address 
whether consumers would stop eating conventional chicken in favor of cultivated chicken. 
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organizations. Measuring whether cultivated meat sales actually reduce purchases of 
conventional animal products will be essential for understanding whether the industry is 
achieving animal welfare, sustainability, and other goals. This research can begin even before 
full commercial availability: some cultivated meat and non-meat (e.g., milk) products are 
already on the market in some jurisdictions and could provide early evidence on substitution 
patterns. 

It remains possible that widespread availability and familiarity will shift attitudes, but 
companies are currently unable to demonstrate demand, which can dampen investment. 

AI could change some barriers to consumer acceptance, but this 
is uncertain 

Whether AI could influence “naturalness” heuristics and food technology neophobia depends 
in part on how amenable consumers will be to change in light of new information. Evidence is 
mixed, but points toward slow change rather than rapid shifts. Repeated exposure could 
reduce neophobia, and the resemblance of cultivated meat to conventional meat could 
increase willingness-to-try for the first time, though several positive experiences may be 
needed (Rolland et al., 2020), and social factors around eating the food play a role (Szakály et 
al., 2021). AI could plausibly accelerate the rate at which consumers encounter cultivated 
meat products (by improving products and reducing prices), but whether availability 
influences neophobia is unclear.  

Positive information about taste, health benefits, and sustainability can also increase 
willingness to try novel foods, including cultivated meat (Szakály et al., 2021; Rolland et al., 
2020). AI-powered marketing personalization could help companies identify the most 
effective framings for different consumer segments. AI could also accelerate product 
improvement (better taste, texture, nutrition), which could indirectly improve consumer 
acceptance by making products more appealing. Though again, conventional meat 
companies could also use these AI capabilities to prevent uptake of cultivated meat. 

AI could also influence consumer acceptance indirectly through price. If AI-enabled 
bioprocess optimization drives down cultivated meat production costs (as discussed above), 
cheaper products could attract some consumers. Separately, if AI-driven economic growth 
raises incomes substantially—as some analysts project—wealthier consumers might be more 
willing to try premium cultivated meat products, though they might equally increase 
consumption of premium conventional meat. The direction of this effect is ambiguous, and we 
do not yet have strong evidence either way. 
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5. Capital and Funding: Having 
Money to Develop Facilities and 
Products 
Annual funding for cultivated meat companies in 2025 was 93% lower than in 2021. 
Compared to annual investment in cultivated companies in 2021 (the largest year), investment 
in 2024 was an order of magnitude lower (Battle et al., 2025, p. 14). Cultivated meat 
investment peaked at roughly $1 billion in 2021, then declined sharply to approximately $922 
million in 2022, $226 million in 2023, $139 million in 2024, and $74 million in 2025 (Battle et 
al., 2025, p. 14). Investment in the last three years combined amounted to just less than the 
sector raised in 2021 alone. 

The 2021 peak coincided with a record year for venture capital across all sectors, driven by 
low interest rates and abundant liquidity. Agrifoodtech investment as a whole was up ~85% in 
2021 compared to the previous year (AgFunder, 2022). From 2022 to 2023, investment fell 
around 48%—declines steeper than the 35% drop in venture capital overall (Marston, 2024; 
Battle et al., 2026, p. 15). Cultivated meat's funding collapse can therefore be seen as partly a 
correction from an anomalous peak, and likely partly a sector-specific loss of confidence.  

Funding constrains progress on most other bottlenecks—the CEO of Hoxton Farms called 
scaling and funding the biggest challenges, describing them as "inseparable." 

Without capital, companies cannot scale production or survive long regulatory waits. But the 
sector cannot easily attract funding without demonstrating progress on those bottlenecks. As 
GFI argues (p. 16):  

A category-wide shift in private capital tides likely requires a handful of 
cultivated meat companies to successfully de-risk their operations by 
increasing production, lowering costs, and demonstrating a path to 
profitability. 

GFI goes on to state that venture capital alone will not be sufficient to get cultivated meat to 
market, instead needing a mix of funding sources, including governmental and philanthropic 
funding. 

How AI impacts funding is unclear 

AI's relationship with cultivated meat funding is complex. The most direct effect is that AI tools 
could reduce the amount of capital cultivated meat companies need. If AI-guided 
experimental design reduces the number of wet-lab experiments required, or if LLMs allow 
small teams to handle regulatory preparation and literature review at lower cost, then the 
effective purchasing power of each dollar invested increases. 
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AI could also affect investor behavior, though the direction is ambiguous. On one hand, 
cultivated meat companies that credibly integrate AI into their R&D may be better positioned 
to attract funding from investors currently focused on AI-adjacent opportunities. On the other 
hand, AI is absorbing a growing share of total venture capital—roughly half of global venture 
funding in 2025 went to AI-related companies (Teare, 2026)—and one industry analyst 
described the current environment as "VC flight out of everything not AI" (Marston, 2025).  

One further possibility is that if AI-driven productivity growth raises economic output broadly, 
this could expand the pool of capital available for sectors like cultivated meat. This is highly 
uncertain because whether macroeconomic growth translates into investment in a politically 
contested food technology depends on many factors beyond aggregate wealth.  
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AI Adoption in Cultivated Meat 
May Lag Due to Data Scarcity 
and Company Secrecy 
There are numerous scientific and computational problems in the design and manufacture of 
cultivated meat that AI models could help solve. Yet we see very few applications currently. 

One plausible explanation is that much of the relevant data does not exist yet and is 
expensive to generate. High-quality biological output data—how different media compositions 
affect taste, how cells behave at different bioreactor scales, multi-omics data across 
species—is costly to produce.  

Even where data exists, it can also fail to replicate in new settings or processes, which could 
lower the value of open-source datasets, unless AI tools are capable enough to handle 
uncertain external validity.  

Moreover, companies keep cell line data, media formulations, and process parameters as 
trade secrets. We found that cultivated meat employees were reluctant to discuss AI use, 
which could indicate that companies view AI applications as competitively sensitive, or it 
could reflect that specialized use is limited. While we cannot distinguish between these 
explanations with our current evidence, company secrecy likely means each new entrant 
repeats mistakes others may have already solved.  

Some groups are working to make progress on shared data—for example, Food System 
Innovations is funding projects designed to produce open-access datasets that can help the 
industry improve various aspects of alternative protein development. The Bezos Earth Fund 
has also funded a cultivated meat AI hub to provide open-source data and tools.  

We remain uncertain about the level of counterfactual benefit that companies would get from 
using shared datasets. GFI acquired cell lines from SciFi Foods when it went out of business, 
which GFI estimated saved the industry “millions of dollars and years of cell line development 
time.” How accurate these claims are is unclear, as they have not been independently 
estimated. 
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Broader AI Trends Could Change 
the Strategic Picture 
The previous sections assessed AI's impact on cultivated meat bottleneck by bottleneck, and 
found that realized applications are sparse relative to theoretical potential. This section 
considers whether several broader trends in AI development could close that gap. We 
describe four such trends, but note upfront that, similar to the above, each is largely 
prospective for cultivated meat: we found limited evidence of adoption in the sector for any of 
them. 

Improving LLM capabilities 

Frontier AI models are improving substantially in biology and chemistry with each generation. 
This means that each new model could provide more detailed and accurate advice, with 
various steps of cultivated meat development. For example, an LLM asked to help design a 
media optimization experiment will give more useful answers as its scientific reasoning 
improves. More capable models also make fewer errors and synthesize information from 
more sources, which compounds across the many stages of cultivated meat R&D where 
researchers currently rely on manual literature review, hypothesis generation, and data 
analysis. 

Perhaps more importantly, LLMs are now proficient coders. These capabilities allow cultivated 
meat company employees to very rapidly build custom analysis tools, automate data 
pipelines, and create internal dashboards, without hiring additional dedicated software 
engineering staff.  

AI-enabled troubleshooting 

AI could also help with cultivated meat R&D through troubleshooting practical laboratory 
tasks. Bioreactor operation, cell culture monitoring, contamination detection, and harvest 
timing depend on knowledge built up over years of laboratory training. AI systems that can 
interpret many different types of data and that can hold the context for a given experiment, 
laboratory, or bioprocess can reduce the expertise threshold for operating cell culture 
systems. 

AI systems can also be used for troubleshooting other AI tools or software, potentially 
lowering barriers to deploying the narrow biological tools described above. 

We expect that AI troubleshooting will supplement rather than replace experienced operators 
for some time. But the directional effect—lowering the expertise threshold for competent 
bioreactor operation—could matter for a sector where experienced cell culture technicians 
are scarce. 
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Agentic AI 

While we think the AI tools presented in previous sections could make cultivated meat R&D 
faster, each tool currently requires specialized technical expertise to operate. Each has its 
own interface, data format, and workflow. Integrating these tools with an AI agent allows 
researchers to access specialized capabilities without needing to master each tool 
independently. 

AI agents can use a suite of specialized tools and subagents at machine speed, greatly 
speeding up R&D and potentially performing complicated computational workflows better 
than expert humans. Platforms that connect LLM-powered agents to hundreds of biological 
tools and databases have emerged in academic settings, and AI companies have released 
connectors that let researchers perform complex bioinformatics analyses through 
conversational interfaces. 

Based on our preliminary search, the cultivated meat sector has not widely adopted these 
platforms yet. We think this trend matters most for smaller companies. A well-funded 
cultivated meat company with dedicated computational biologists can already deploy 
specialized tools effectively, while a startup with a handful of employees may be knowledge- 
or time-constrained. That said, we expect all companies—regardless of size—will be able to 
greatly speed up their computational R&D activities by adopting AI agents at scale. 

Fully automated laboratories 

The most ambitious extension of these trends is the fully automated laboratory, where AI 
agents control laboratory instruments directly and run closed-loop experiments. Fully 
automated laboratories are further from practical deployment than the other trends described 
above. Setting up autonomous laboratory systems requires substantial technical infrastructure 
and expertise, and is costly. Since the cultivated meat sector is currently funding-constrained, 
we expect fully automated labs are most likely to become relevant over a somewhat longer 
time horizon (though, given rapid AI improvements, some experts may still expect this to be 
realized in less than five years). 

Hybrid systems combining AI-driven decision-making with human oversight at critical 
junctures represent the most practical near-term trajectory (Helleckes et al., 2026). 

What Broader AI Trends Mean For Cultivated Meat 

Strategy 

These four trends have different adoption barriers, different timescales, and affect different 
bottlenecks. But taken together, they point toward a few strategic conclusions. 
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First, agents could accelerate the bottlenecks where the time costs of trial and error and 
iteration are high. Media optimization, bioprocess control, and sensory prediction all involve 
iterating across many variables, integrating data from multiple sources, and translating results 
into actionable process changes. AI agents could speed up these kinds of workflows by 
designing an experiment, analyzing the output, updating a predictive model, and proposing 
the next experiment without a human researcher managing each hand-off between steps. 
Moreover, AI agents can carry on working while human employees are off the clock. 

While there are likely some steps that involve irreducible physical time (for example, cells 
could take days to grow), agents are likely to speed up planning, analysis, interpretation, and 
coordination steps. We do not have good estimates of what fraction of total R&D time this kind 
of work represents, but we are fairly confident in the directional claim. 

Second, LLMs and AI agents lower the barrier to using specialized AI tools. Even if narrow 
AI tools exist and would be useful, a startup with limited resources and few employees could 
face challenges in adopting AI tools, whether due to knowledge, skills, or time constraints. For 
example, a protein-design model, a digital twin, and a Bayesian optimization framework could 
all require their own technical expertise to set up and operate. Agents that can select and call 
tools could reduce the adoption barrier. While companies may still need some technical 
capacity to configure agents, provide them access to data, and validate outputs, the costs of 
integrating AI into workflows could be substantially lower for agentic AI. Today’s LLM models 
with strong coding capabilities can already achieve this in part by allowing users to create 
custom tools.  

Third, the return on open-access data investment increases as AI capabilities improve. 
More capable models—including those integrated with specialized tools—extract more value 
from each dataset than simpler tools can. Analyzing a media formulation dataset with basic 
Bayesian optimization today could be enhanced with a much richer multi-objective 
optimization or an end-to-end agentic workflow as capabilities advance. Investments in 
open-access data made now will compound in value as the models trained on that data 
improve. Data also remains the binding constraint as AI model capabilities grow. As LLMs 
and other AI tools improve, they can be adopted only for cultivated meat R&D if specific data 
exists to make them relevant for the problems in this sector. Data generation infrastructure, 
therefore, becomes increasingly important. 

Finally, agentic AI could mean fewer employees are needed to build a successful cultivated 
meat company, which could reduce the sector’s funding needs and allow more to be 
achieved with fewer resources. 

One caveat is that symmetric access to agentic AI for conventional and cultivated meat 
complicates the picture. Conventional meat and animal agriculture companies have vastly 
more data, more capital, and more established infrastructure than cultivated meat startups. 
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They can use the same AI tools—and agentic systems—to optimize their own production, 
reduce costs, and improve products.17  

If AI makes both sides more efficient, the net effect on displacement is ambiguous. Whether 
AI disproportionately helps cultivated meat depends on whether it solves problems that are 
specific to cultivated meat (e.g., media optimization, novel cell line engineering) more than it 
helps conventional producers with their already-mature processes.  

We suspect—but cannot demonstrably prove—that AI's marginal value is higher for cultivated 
meat because it faces more unsolved technical problems. Cultivated meat development also 
faces the type of problems that AI systems are currently best-placed to solve—well-defined 
scientific and engineering challenges with measurable outputs, such as optimizing a media 
formulation or predicting cell behavior under different bioreactor conditions18—while the 
remaining efficiency gains in conventional meat production are more incremental and more 
constrained by the physical realities of raising live animals. That said, we expect there are 
remaining unsolved problems in aquaculture and in farming new species previously deemed 
unviable to farm that AI tools could improve. 

 

18 Cultivated meat science may also be more likely to benefit from spillover of discoveries in adjacent 
fields (e.g., pharmaceuticals, protein engineering) than conventional agriculture is. 

17 One potential example of this comes from Cargill, which is using a computer vision system in 
processing lines to identify meat that is still left on the bone of the animal.  
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Conclusions  
AI has the potential to provide large relative uplift for cultivated meat, but we expect actual 
adoption is far below this ceiling. The gap is driven by data scarcity, company secrecy, funding 
constraints, and a small workforce. While there are seemingly some breakthroughs in the 
cultivated meat space related to the price of inputs, we have little evidence that AI is driving 
those breakthroughs. 

A couple of priorities persist, whether or not you think AI makes a difference to cultivated 
meat strategy: 

●​ Prevent further bans: For funders who consider cultivated meat a promising 
technology, preventing further bans is a precondition for the sector reaching 
consumers. Preventing further bans could also help attract more funding to the space. 
We found limited evidence on which political interventions work in this context, so 
funders may want to invest in systematic analysis of tractability by jurisdiction before 
committing larger resources.  
 

●​ Measure consumer acceptance and conventional meat displacement as products 
become available: Measuring whether cultivated meat displaces conventional meat 
matters for assessing whether the sector delivers on its stated benefits—for animal 
welfare, climate, and food security. Assessing real-world purchasing habits and 
displacement will provide oversight on whether the theory of change for cultivated 
meat is impactful and cost-effective, and what can be done to improve these metrics. 

If you think AI is necessary for making cultivated meat competitive with conventional meat 
or that the gap between AI's potential and actual contribution to cultivated meat should be 
closed, you should consider prioritizing generating open-access data and AI tools for the 
cultivated meat sector. Several experts we consulted emphasized that if open-access 
datasets existed, the modeling required would often be relatively straightforward. This 
constraint persists even as AI systems become more agentic and capable of coordinating 
multiple tools because an agent that can orchestrate an entire optimization workflow is still 
limited by whether the underlying data exists. This means that AI investments should focus 
primarily on data generation and standardization, with model development as a secondary 
priority. 

AI tools for media optimization, growth factor engineering, sensory prediction, and bioprocess 
control all depend on high-quality training data, but generating that data is expensive, and 
individual companies keep their datasets as trade secrets. Therefore, without philanthropic 
intervention, this data likely will not exist or will remain proprietary. Data generated by 
academic work can help, but needs to be generated in commercially relevant settings (i.e., at 
scale-up quantities and bioreactors). The return on open-access data investment increases as 
AI capabilities improve, because more capable systems—including those that integrate 
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multiple tools into coordinated workflows—extract more value from each dataset than 
narrower tools can.  

Some work already exists for generating open-access datasets, but we saw fewer examples 
of open-access tools. While data is the main constraint, we think open -access tools that are 
easy to use could still help cultivated meat companies, particularly early startups, make 
progress faster.   

Finally, AI may change the strategic priorities in cultivated meat development. AI currently 
seems to offer substantial help with the bottlenecks that have historically made the most 
progress (biology, media, bioprocess), while offering limited help (currently) with the 
bottlenecks that, for the most part, have not yet improved substantially: regulatory throughput, 
political opposition, and consumer acceptance. The continued improvement of AI 
capabilities—from more powerful base models to tool-integrated agents—could widen this 
gap further by compressing technical timelines. We expect that technical R&D is becoming 
less neglected as AI can handle more of the science, agentic systems and AI-enabled 
troubleshooting lower the barrier to deploying specialized tools, and the companies 
best-placed to use AI tools are already the ones attracting private capital. Work to improve 
regulatory capacity, political strategy, and consumer acceptance is likely becoming 
comparatively more neglected, and AI currently offers fewer solutions in these domains. 
These patterns suggest that non-AI institutional interventions (regulatory capacity, political 
strategy, consumer research) may be comparatively more neglected and more in need of 
philanthropic support. Alongside this, investment in the open-access data infrastructure that 
determines whether agentic AI tools can function effectively for cultivated meat should also 
be prioritized.     

Information gaps that would sharpen these conclusions 

Cost-effectiveness of regulatory interventions. We recommend advocacy for regulatory 
capacity building with high qualitative confidence, but we have no cost-per-outcome 
estimates for this type of work. 

Political tractability by jurisdiction. We can describe the political landscape but cannot 
currently say which interventions are tractable where, what it would take to reverse existing 
bans, or whether there are high-leverage moments in EU or US political processes.  

Counterfactual impact of open data versus direct AI R&D grants. Our recommendation on 
open data infrastructure is based on the public goods logic, assuming private capital will not 
fund it. But we have limited evidence on how large the bottleneck actually is in practice, what 
it would cost to address it meaningfully, and what the downstream impact on AI tool 
effectiveness would be.​
​
Economy-wide AI adoption baselines. We have limited data on how cultivated meat's AI 
adoption compares to other R&D-intensive sectors of similar size and funding levels. This 
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comparison would help calibrate whether the sector's low adoption is unusual or expected 
given its constraints. 

Net effect of AI on displacement. While we evaluate how AI could help cultivated meat 
companies here, we have not assessed whether AI disproportionately helps cultivated meat 
producers relative to conventional animal agriculture companies. Conventional producers 
have more data, capital, and established infrastructure, and can use the same AI capabilities. 
Whether AI narrows or widens the competitive gap between cultivated and conventional meat 
is an open question, with implications for the value of technical acceleration in cultivated 
meat. 
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Appendix 

Proposed and Enacted Cultivated Meat Bans 
This table only refers to bans or restrictions on the manufacture and sale of cultivated animal 
products. It does not refer to labeling laws. 
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Jurisdiction Legislation description 

France Bill proposed in 2023 but did not progress 

Hungary 
Banned production, sale, and marketing (except medical and veterinary 
purposes) * 

Italy Banned production, import, and sale *† 

Romania Ban proposed (broadly still in limbo) 

Alabama Banned production and sale * 

Arizona 
- Bill proposed but did not progress in 2024 
- Bill proposed but did not progress in 2026 

Florida Banned production and sale * 

Georgia 
- Bill proposed but did not progress in 2025 
- Bill proposed in 2026 

Indiana Temporary ban on production and sale until June 30, 2027 

Iowa State-funded education providers cannot purchase  

Mississippi 
Banned production and sale of cultivated meat in 2025 and, more 
recently, cultivated dairy 

Montana Banned production and sale 

Nebraska Banned production, import, sale, and marketing 

Oklahoma Bill proposed, with exceptions for research 

South Dakota Temporary ban on production and sale until June 30, 2031 * 

Texas Temporary ban on sale for human consumption until Sept 1, 2027 

West Virginia 
- Bill for temporary ban proposed 
- Bill for assignment as “adulterated food” proposed 

Wyoming Bill proposed in 2026 but did not progress 

https://perma.cc/7XYF-EP4A
https://perma.cc/T9Z5-DJEQ
https://perma.cc/GSB5-QED6
https://perma.cc/PE2A-E43W
https://perma.cc/5RP3-XKVE
https://perma.cc/BQ9L-YDXT
https://perma.cc/F3PD-EUCP
https://perma.cc/J5SZ-BCJJ
https://perma.cc/PE2Y-X3UH
https://perma.cc/7SYV-2ART
https://perma.cc/M4Z3-DSWA
https://perma.cc/QGA9-HMCK
https://perma.cc/HX5B-64YK
https://perma.cc/SAE4-Y2XJ


 

 

* These bans take broader definitions and may apply to any animal-derived cultivated 
products, like dairy, not only meat (it’s possible other bans would also fall into this category, 
but it depends on interpretation of the law in practice). 
 
† Applies only to vertebrate animal-derived cultivated products. May not be enforceable due 
to failure to notify EU. 
 
Source for US bans without specific links provided: The National Agricultural Law Center 
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