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A Meaty Ordeal: The Science  

Behind Laboratory Grown Burgers 
Stephanie French, PhD Student 

The livestock meat industry is totally 

unsustainable. It is a major contribu-

tor to global warming, responsible 

for 51% of CO2 emissions and 37% of 

methane emissions worldwide (1). 

What’s more, currently a third of all 

land space is used for meat produc-

tion – be that raising livestock or 

producing animal feed. This fraction 

is likely to increase as global meat 

consumption and deforestation 

surge (2), but meat production is 

already close to its maximum capaci-

ty (3). For these reasons – along 

with public health concerns, such as 

antibiotics resistance, and increasing 

regard for animal welfare – a substi-

tute for livestock meat is urgently 

required.  

A potential substitute is laboratory-

grown meat. 

Growth of muscle fibres in laborato-

ries is not a new concept and dates 

back two decades (4). This is thanks 

to a field of research called regener-

ative medicine; which focusses on 

generating and replacing damaged 

tissues and organs in patients. How-

ever, it wasn’t until 2013 that the 

first laboratory grown beef burger 

was produced, by Professor Mark 

Post at Maastricht University in The 

Netherlands (5). 

So how was this burger made? 

The production of laboratory-grown 

meat, else known as cultured meat 

or in vitro meat, can be broken 

down into three stages: 1. Prolifera-

tion of muscle pre-cursor cells, 2. 

Differentiation of pre-cursor cells 

into muscle fibres (also called mus-

cle cells), and finally 3. The assembly 

of muscle fibres into a meat prod-

uct. 

During the proliferation stage, cells 

increase in number. Proliferation 

can be maximised by growing cells in 

an environment similar to that of 

stem cells. For example, surfaces on 

which cells grow can be coated with 

extracellular matrix proteins, such as 

laminin and collagen, to mimic the 

extracellular matrix found around 

cells in the body (6).  

Cells are grown in culture media: a 

liquid containing the nutrients re-

quired for proliferation, mainly glu-

cose, amino acids, minerals, vita-

mins and buffers. The vitamins and 

glucose are sourced from plant ex-

tracts (7) but amino acids often 

come from animal products, e.g. 

fetal calf serum (8), making in vitro 

meat unsuitable for vegetarians. 

However, alternatives such as amino

-acid rich mushrooms (9) or those 

produced by bacteria are being ex-

plored (7).  

Satellite cells are most commonly 

used for in vitro meat. These cells 

are stem cells present in skeletal 

muscle and are responsible for mus-

cle regeneration after injury. Be-

cause of their role in tissue repair, 

they are capable of both prolifera-

tion and differentiation – unlike ma-

ture muscle cells which do not pro-

liferate rapidly enough. The famous 

2013 ‘beef burger’ was produced 

from satellite cells isolated from a 

small animal tissue biopsy (5).  

Once an adequate number of cells 

are available they undergo differen-

tiation. During this stage, satellite 
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cells fuse and spontaneously form myo-

tubes (developing muscle cells) which 

then further differentiate into skeletal 

muscle cells, also known as muscle fibres. 

This process is called myogenesis. During 

differentiation cells undergo hypertrophy 

(increase in cell size) and increase protein 

production. 

In order for cells to differentiate they 

must be seeded onto or around a 3D 

scaffold containing anchor points (10, 11). 

As skeletal muscle cells form, they organ-

ize themselves into fibres – called bio-

artificial muscles – between the anchor 

points. Mechanical stimulation, such as 

muscle fibres spontaneously contracting, 

causes tension and further mediates mus-

cle maturation and protein production (5). 

What’s more, electrical simulation can 

induce the formation of fully matured 

cross-striated muscles (5)! 

These bio-artificial muscles generated 

during the differentiation phase are tiny, 

so fibres must be harvested and pro-

cessed to produce a meat-product. For 

example they can be packed into a patty 

to form a burger (5). Preservatives, e.g. 

sodium benzoate, and additional nutri-

ents, e.g. omega-3, can also be added at 

this stage. 

Whilst laboratory-grown burgers are no 

longer limited to the realm of science fic-

tion, there are still several scientific limita-

tions to current in vitro meat.  

Muscle fibres can only grow to a limited 

size because they lack a blood supply 

which prevents efficient delivery of oxy-

gen and glucose to cells in the centre and 

restricts removal of waste production (5).  

Another major limitation is the lack of 

particular nutrients present in the non-

muscle component of livestock meat. For 

example myoglobin – an iron-containing 

protein responsible for carrying oxygen 

throughout muscle tissue – is not present 

in cultured meat, meaning it does not 

appear red in colour and lacks iron (9). 

However, certain conditions have been 

shown to stimulate production of myoglo-

bin, which could be used to enhance lev-

els of this protein (12).  

Addition of non-muscle components to in 

vitro meat, could also help combat low 

nutrient levels. Currently, research is fo-

cussing on the addition of fat tissue which 

will also help give cultured meat a ‘juicier’ 

taste. Stem cells can be extracted from 

adipose (fat) tissue and differentiated into 

mature adipocytes (fat cells) (13). Co-

culturing adipose stem cells and satellite 

cells could enable the generation of cul-

tured meat containing both muscle and 

fat. 

Whilst it is still not possible to produce an 

exact ‘copy’ of livestock meat in vitro, 

significant progress has been made over 

the past decade – such as Post’s burger – 

and this progress will likely continue. Cul-

tured meat is not yet commercially availa-

ble, mostly due to the current high costs 

and small scale of production. But once 

available, cultured meat will likely provide 

a sustainable solution over livestock meat: 

requiring less water and land space, pro-

ducing fewer greenhouse gases and re-

ducing animal cruelty. Would you reduce 

your carbon footprint by eating in vitro 

meat? 
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