Humans and meat consumption have
an extensive evolutionary relation-
ship. Homo sapiens are omnivores with
natural preferences for both meat and plant
consumption due to the history of hunting
and eating meat that helped humans sur-
vive food scarcity. Nowadays, meat con-
tinues to play an important role in many
cultures by contributing to a balanced diet
due to its nutritional richness—meat con-
sists of protein, vitamin B12, and more.'
However, meat needs to be farmed and
processed before entering the market, and
here, a problem arises: the convention-
al production process of meat negatively
impacts the environment. This process re-
quires large crop quantities for animal feed
and a high proportion of agricultural land

for raising animals—more than three-quar-
ters of the world’s arable land.> Expansion
of animal agriculture has posed challenges
to the environment due to the emission of
massive amounts of greenhouse gases into
the air, which was referred to as ‘LivestocK’s
long shadow’ by the Food and Agricultur-
al Organization (FAO) in 2006. Indeed,
recent statistics from the FAO show that
total emissions from livestock account for
14.5 % of all anthropogenic greenhouse gas
emissions.” The conventional production
process, focusing on production efficien-
cy, fails to recognize other impacts such as
climate change, animal welfare, or sustain-
ability. To mitigate these adverse effects,
scientists have developed a biotechnology
that advocates for sustainable meat pro-

duction. Implementing this biotechnology,
which uses stem cell culturing techniques,
could address the significant global threats
of industrial livestock farming.*

Cultured meat is also referred to as in-vi-
tro meat, lab-grown meat, cell-based meat,
and clean meat. Although the technolo-
gy of producing cultured meat for human
consumption is relatively new, the idea
appeared in many science fiction stories
during the nineteenth and twentieth centu-
ry. In 1930, for instance, the idea was dis-
cussed by British statesman Frederick Ed-
win Smith who predicted: “It will no longer
be necessary to go to the extravagant length
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of rearing a bullock in order to eat its steak. From one ‘parent’ steak
of choice tenderness it will be possible to grow as large and as juicy
a steak as can be desired.” ®

However, the structural complexity of meat itself, con-
sisting of diverse tissue types and intricate systems, is difficult to
replicate outside of the body of animals. It is these unique qualities
of meat that give it its distinct taste and texture—accordingly meat
from mammals, poultry, and seafood differs based on muscle, fiber
type, and thus quality and taste.® Thus, replicating different types
of meat in a laboratory requires a comprehensive understanding
of meat’s structure and its components. It is due to this intricacy
of meat that the idea of cultured meat did not receive significant
attention in the scientific community until recent decades. In May
2005, the first comprehensive article elaborating on cultured meat
was published in the journal Tissue Engineering. With continuing
research around the world, scientists have gained a better under-
standing of meat structure and have found that necessary compo-
nents of meat include skeletal muscle cells and adipocyte, or fat,
tissues. Today, the possibility of growing meat in a lab is made pos-
sible by a very unique type of cell that could be used to culture
muscle and fat tissues—stem cells.

STEM CELL TECHNOLOGY FOR CULTURED MEAT

Stem cells are unspecialized cells in the body that possess the abil-
ity to self-renew, differentiate, and develop a specialized function-
ality” The two main groups of stem cells, embryonic and adult
stem cells, differentiate at the stage of derivation—when they are
derived for culturing. Embryonic stem cells (ESC), derived during
early development (blastocyst stage), can be cultured in laborato-
ries and differentiated into any cell type in the body (pluripotent).
In contrast, adult stem cells (ASC), found in adult tissues, are rarer
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and have a limited ability to differentiate into specialized tissues
(multipotent or unipotent).?

Due to their ability to differentiate into different cell types,
especially skeletal muscle and adipocyte tissues, stem cells from
various development stages have been proposed as viable cells for
meat culturing. Satellite cells, the adult stem cells associated with
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Figure 4. Lab-grown burger created
by Mark Post at Maastricht Univer-
sity. Credit: PA IMAGES/ALAMY
STOCK PHOTO

skeletal muscle, which can easily differentiate into myotubes and
myofibrils (skeletal muscle fibers), were identified by Mauro (1961)
as functional in muscle regeneration after injury. Since these cells
tend to mature and specialize as skeletal muscle fibers, they are
considered to be ideal cells for skeletal muscle engineering."

Besides ASCs and ESCs, induced pluripotent stem cells
(iPSCs)—cells derived from reprogramming cells isolated from so-
matic tissue to a pluripotent state—are alternative, possible start-
ing sources for cultured meat due to their pluripotency. In 2018,
the first stable culture of bovine ESCs was reported to potentially
differentiate into cell types necessary for skeletal muscle develop-
ment."" More excitingly, the culture could form a stable cell bank
that prevents further biopsy—the removal of tissue—from animals.
Mesenchymal stem cells (MSC), multipotent adult stem cells that
are present in many tissues and which play vital roles in muscle
development, could also serve as good starting cells.'?

After cell selection, stem cells taken from muscle tissues
or directly from embryos proliferate and differentiate into muscle
cells, which are then transferred to a scaffold where they grow and
develop into larger tissues. During this process, scientists need to
provide the cells with an ideal growing environment known as cell
culture medium. However, scientists face dilemmas in choosing an
ideal culture medium.

CHALLENGES FACING CULTURED MEAT

Currently, cultured meat mainly uses animal-derived compo-
nents such as fetal bovine serum (FBS) from dead calves, which
is unsustainably sourced and contradicts the ethical principle of

slaughter-free cultured meat. As a universal supplement contain-
ing hundreds of different proteins and thousands of small-mole-
cule metabolites in unknown concentrations, it is both difficult as
well as costly to replace FBS by a synthetic medium.* Aiming for
cell-specific media could be more cost-effective since FBS could be
substituted by components such as hormones and growth factors
that are specific to the cell line being grown." As soon as scientists
can produce such media safely on an industrial scale, meat can be
grown from a biopsy of an animal sample in the laboratory. But,
scientists are still working to increase the efficiency and accuracy
of cultured meat production. A more advanced tissue engineering
approach, such as using textured soy protein as a scaffold to sup-
port cell attachment and proliferation, may be required to more
accurately replicate meat.'* Today, efficiently producing meat safe
for consumption in a lab is not yet possible, but it may be on the
horizon.

A novel approach, meat in the laboratory has the potential
to address animal welfare concerns and mitigate climate change
through the use of stem cell technology. Stem cell research has
gained much attention in the scientific community due to its great
potential—applications of stem cell technology and tissue engi-
neering are not limited to cultured meat and have already played
vital roles in fields including medicine. Cultured meat research has
made much progress in the past decade. In 2013, the world’s first
biosynthesized burger was produced from bovine stem cells. Al-
though it was produced at a high cost, the success was a hallmark
in cultured meat research. Still, this area is in its infancy and re-
quires more research that could address current challenges for it to
potentially appear in our diets in the future decades.
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