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Cell-cultured meat for today’s future
In the future, cellular biotechnology is going to be the second domestication
Meeting the world’s protein needs,
large-scale production methods,
small-scale farming, and cell-based
meat and poultry production methods will all play and important role.
Cell-based meat products are meat
produced from animal cells in cell
culture. They are an “and”, not an
“or” solution, and the latest in a long
history of innovation in further
optimizing agriculture. Recognizing
a shared desire to support innovation and feed the world, moving
forward it is proposed to use the
term “cell-based meat and poultry”
to describe the products that are the
result of animal cell culture.

Challenges

The colossal global meat industry –
in 2019 estimated at $95 bn. per year
– is increasingly facing multiple
challenges ranging from interrelated
ethical, environmental and business
concerns. Looking in the years
ahead, the current traditional meat
farming and meat processing industry can be simplified dramatically by
moving into a “meatless” ecosystem,
meaning alternative protein sources
such as cultured meat and plantbased meat and milk beverage
alternatives.
In the future, the words “meat”
and “animal” will be decoupled.
Meat without animals is the new
By Henk Hoogenkamp
notion of cellular biotechnology
using stem cells and bioreactors as
the basic platform to “brew” healthy
he environmental challenges
and nutritious cell-cultured meat.
facing the global agricultural
Making meat without the animals is
industry are increasing. Traditional
rapidly emerging new concept. The
animal agriculture has really
reached capacity, and new technolo- ultimate goal is to remove the animal from the meat production. It is
gies such as cultured meat are
time that the world moves past
needed to lower environmental
needing to kill animals and ruin the
impact. As meat demand soars,
environment for food. Cell-based
rainforest gets destroyed to grow
animal feed, and fresh-water sources meat should not be confused with
meat substitutes such as “soy burgare diverted from drought-prone
ers”, since it is real animal meat: it
regions. Alternative and smarter
ways to produce food and meat to be has the same taste, texture, and the
included into the daily diet will
same or better nutritional content as
alleviate some of these pressures.
conventionally-produced meat.
Human civilization was largely
In basic terms
enabled by the domestication of
livestock animals. In the future,
By relying less on an inefficient
cellular biotechnology is going to be traditional meat protein-delivery
the second domestication. Not only
to produce huge quantities of cellular or clean meat, but also
everything from growing leather, silk,
perfumes,
vaccines and
organs.

T

system, people should instead
utilize the nutritive value of the
world's five major commodity crops
– rice, corn, wheat, soy, and potatoes
– as well as embrace cellular agriculture which can be further explored
for the production of meat and
animal-free dairy that could fundamentally reshape our food supply.
Cell-grown meat is created from
an animal’s genetic code, and replicating itself continuously in an
incubator. Cell-based meat is cultured from animal cells grown
outside the animal without the need
for slaughter. Put simply, the
process of cultivating cell-based or
cultured meat involves feeding the
cells the correct nutrients to produce
muscle and fat, as it would ordinarily happen where they grow inside
the animal’s body.
Basically, the starter cells are
replicated using a protein medium
that stimulates growth inside a
bioreactor, producing a mature
muscle tissue that will actually
respond – as in flex, or spasm –
when stimulated with electricity.
The major hurdles to cross are both
in terms of the core science of
growing meat, and developing a
manufacturing process that will
enable “cell based meat farms” to
scale and at a cost that can compete
with animal-reared meat. Also of
importance is resonating with
consumers about its name, quality
and organoleptic performance.

Meat minus slaughter

Meat minus slaughter equals meat
without animals. The “next-gen
meat” will be produced with no
traditional animal agriculture, no
animal raising or slaughter. Clean
meat is produced using cell cultures
and these “slaughter-free” cells are
cultured to become the constituent
parts like mycocytes (= muscle),
chrondrocytes (= connective tissue),
and adipocytes (= fat). All these
components are assembled and will
ultimately provide the structural
integrity of the product.
Cell-cultured meat is a significant
and huge technological leap for
humanity, as well as an incredible
business opportunity to transition a
global legacy industry while solving
some of the most urgent sustainability issues of our time, with significant reduction of greenhouse gases
and feed-to-meat conversion inefficiencies. It is the new way forward to
feed the world.

Cellular agriculture
The finite amount of agricultural
land and the availability of clean
water combined with resource
depletion will force government
policy makers to rebalance diets
towards more plant-based foods. In
other words, they will accept the
need to reduce the consumption of
foods with a higher environmental
impact like slaughtered animals for
meat consumption and using dairy
cows for milk production, while
increasing lower-impact foods like
cultured cellular meat to enrich the
diet with plant proteins derived
from cereal grains, legumes,
potatoes, vegetables, and
fruits. Considering
cellular agriculture,
like the emerging

In the future, the words
“meat” and “animal”
will be decoupled.
Photo: Dalco Foods

THE NEW ANGLE
GRINDERS:
UP TO 50 %
HIGHER OUTPUT.
laska.at/en

GREATER PERFORMANCE,
GREATER HYGIENE,
GREATER FLEXIBILITY.
THE NEW GRINDERS
GIVE YOU EXTRA.

AUTOPILOT
DRIVE

COMPATIBLE WITH
PRODUCTION LINES

CLEAN
RUNNING

NO-WAIT
MAINTENANCE

Working and feeder screws have
two drives that automatically
coordinate. Achieve up to 50 %
higher output with the optimised
drive concept and simple
operation.

The new generation of angle
grinders is equipped with an
OPC UA interface. Integrating
WWB 200 Plus and 300 Plus
into a production line is no
trouble at all.

The new hygienic design
with EHEDG-certified
components minimises
the risk of adulteration.

If you opt for remote maintenance, your machine will stay
connected to the technical staff
at LASKA, saving you time,
nerves and operating expenses
in the event of a malfunction.

Reap the benefits of your complete solution from LASKA:
Project support from consulting to commissioning and individual
machine adjustment upon request.

laska.at/en

41

Fleischwirtschaft international 6_2018

Technology

Cell-cultured meat for today’s future
animal protein sources is vital to
create cultured meat, natural cultured dairy foods, insects and other
post-animal biotechnology and
bioeconomy developments to boost
food security and affordability.

Riding the revolution
(Partly) replacing or reducing
traditionally-killed animals for meat
supply with cell-cultured meat can
significantly reduce land, water, and
crops needed to feed animals, while
benefiting people's health and
reducing outbreaks of diseases. For
the next generation, sustainability
of food security will be a major
challenge.
When exponential technologies
stride forward, consumers have the
tendency to become suspicious. The
question is, if consumers will embrace cellular bioengineered foods
like animal-free milk supplanting
traditional cow’s milk. This question
is difficult to answer, but the fact
remains that the world population is
growing at unprecedented pace and
innovation will be the essential key
to provide every citizen great tasting
healthy foods now and in the future.

Stem cell science
Cultured meat directly originated
from cell and gene therapy, a science
that is increasingly used in the field
of regenerative medicine. Cultured
meat is meat grown from animal
cell in culture and the first step is to
make it grow in a cell proliferation
bioreactor where a nutrient solution
or medium allows the cells to
quickly grow and multiply. The
isolated animal cells regenerate with
external support like oxygen and
nutrient-rich broth that enables the
cells to grow and multiply. This
process is followed by scaffolding,
which actually provides a support
structure for cellular adherence, and
develops – if needed – into the
various component cells of the
integral meat composition.
Stem cells are undifferentiated
cells that can become different types
of tissue as they mature (and can
form healthy new muscle to replace
what has been lost). The muscleforming cells will join together in
long chains and become multicellular myotubes. Since these myotubes
are living tissues, at some point they
will start spontaneously contracting.
Scaffolding is an essential part of
the cultured meat process because it
provides heterogeneity structures
that influence variables like texture.

No-animal-to-food conversion will allow huge savings on clean water. Photo: New Harvest Ministries International

At this point, variables come into
play so it might best to use plant fat
rich in mono- and polyunsaturated
fatty acids, although cultured animal
fat is also an option. Looking further
into the future also increased levels
of Ω-3 and -6 or a different vitamin/
mineral profile can be added to
further optimize the product.

Animal cell-based foods
The production of conventional
meat in these modern times is far
from natural. “Consumption animals” are routinely given antibiotics
and hormones so that they grow
much faster and larger than they
would in nature. Unsanitary outgrow farming and slaughtering
conditions may increase the risk of
contamination from feces, as well as
other bacteria and viruses.
Cell-based meat avoids all of those
issues; hence, it has many benefits
for human health and many environmental advantages, including
no-animal-to-food conversion as
well as huge savings on clean water.
Compared to conventional animals,
there are fewer concerns regarding
the environment, animal welfare,
and human health.
Animal agriculture is the largest
single source of greenhouse gas
emissions globally. These emissions
will only grow further now that
developing countries are rapidly
increasing meat consumption for
which billions of additional slaugh-

ter animals are needed annually.
Another point of concern is the
increasing frequency of human
health concerns associated with
meat consumption and its supply
industry. Some risks need to be
considered like antibiotic resistance,
disease and viral outbreaks, as well
as microbial food contamination,
which can be managed by reduction
or elimination.
Most meat is contaminated during the slaughter process, and
cultured meat eliminates that risk.
This advantage of cultured meat
comes on top of the sustainability –
and animal welfare issues. Governmental agencies need to adapt to
new reality and – for example – the
USDA mission should be to implement new proactive policies to
reduce pathogens in animal products and as such to minimize consumer exposure to unsafe foods.
Ultimately, cell-cultured meat will
be promoted for its compelling
safety advantages, such as being
antibiotic-free and pathogen-free.
Despite the current FDA restrictions, banning the use of antibiotics
solely to accelerate animal growth,
still 70 to 80% of US antibiotic sales
go to livestock. According to the
Centers for Disease Control and
Prevention (CDC), increased antibiotic resistance causes about 23,000
American deaths a year and a
$34bn. in financial losses annually.
But it doesn’t stop there: the CDC

also estimates that every year more
than 400,000 American residents
become ill with infections caused by
antibiotic-resistant food-borne
bacteria.

Partnership in labeling ?
As food technology advances, it will
be necessary how to inspect and
regulate in order to ensure food
safety and labeling, regardless of the
production method. Global and
country-specific regulations for
many cellular biotechnology products, including cultured meat, are
still in the early stages of debate and
implementation. Looking in a crystal ball, perhaps an animal-free
ecosystem that extends across multiple disciplines and one agency or
authority should handle regulatory
overlaps.
It is still unclear if regulators will
handle cell-cultured meat with the
same rules as traditionally slaughtered meat. One of the issues in the
US that still need to be solved is the
regulatory standards and definitions. For the US, this means that
the Food and Drug Administration
(FDA) and not the United States
Department of Agriculture (USDA)
will likely be given the authority to
decide on issues like standards and
labeling since no life animals are
involved. The FDA statement released 15 June, 2018, said: “Substances used in cultured food products used in the manufacture of
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Cell-cultured meat for today’s future
an early arrival at the slaughterhouse.

Companies and products
.................................................................................

The hurdles to take

Tab.: Cellular biotechnology – The drivers of change

Company
BlueNalu
Bolt Threads
Cellular Agriculture Society
Clara Foods Redwood
Finless Foods
Just
Geltor
Good Food Institute
Higher Steaks
Integriculture
Kiran Meats
Meatable
Memphis Meat
Mission Barns
Modern Meadow
Mosa Meat
New Age Meats
New Harvest
Outermost House
Perfect Day Foods
Seafuture Sustainable Biotech
Super Meat
Future Meat Technologies
Aleph Farms
Wild Earth
Wild Type

Location
San Diego CA, USA
Emeryville CA, USA
Cambridge MA, USA
Redwood City CA, USA
San Francisco CA, USA
San Francisco CA, USA
San Leandro CA, USA
Washington DC, USA
Bristol, UK
Tokyo, Japan
San Francisco CA, USA
Amsterdam, NL
San Francisco CA, USA
Berkeley CA, USA
Nutley NJ , USA
Maastricht, NL
San Francisco CA, USA
New York NY, USA
Berkeley CA, USA
Berkeley CA, USA
Calgary, Canada
Tel Aviv, Israel
Tel Aviv, Israel
Ashdod, Israel
San Francisco CA, USA
San Francisco CA, USA

Source: HOOGENKAMP

these products of animal cell culture
technology and the products themselves that will be used for food are
the subject to the FDA jurisdiction.”
US “meat farmers” have called for
federal officials to establish a clear
definition that will inform consumers about the difference between meat products that come
from livestock and alternative meat
proteins that are created as animal
cell culture in bioreactors. It is
critical that a clear standard of
identity for livestock meat and its
related products is implemented
consistently in order to avoid consumer confusion purchasing animal
cell-cultured products.
The verdict is still out yet. For the
US it is suggested that the FDA
should have oversight over premarket safety evaluations for cellcultured meat and poultry products, with the USDA providing
input to FDA as part of this
process. Collaboration between the
FDA and USDA will be necessary
to accept a new definition of meat
produced from animal cells.

Product
cell-based seafood
cell-based fibers (textile)
cell-based agriculture
cell-based egg albumen
cell-based seafood
cell-based meat
cell-based collagen
promoting plant and cell
cell-based meat
cell-based meat
cell-based meat
cell-based meat
cell-based meat
cell-based meat
cell-based leather
cell-based meat
cell-based meat
incubator
incubator plant and cell
cell-based dairy protein
cell-seafood
cell-based meat
cell-based meat
cell-based meat
cell-based pet food
cell-based salmon
FLEISCHWIRTSCHAFT international 6_2018

Ready to roll

This question is paramount: “How
to overcome the challenges in reducing the costs of cell-based meat
products?” There is still a long
journey from research to the plate.
But analog to the flat-screen TVs,
once industrial momentum picks up
steam, cell-based meat prices will
come down considerably and are
forecasted to be on par or better than
traditional livestock origin meat
products.
The current economics of cellcultured meat is a long way from
competing with the current intenseharvests of animals. However,
going forward, it is expected that
cultured meat can be cost-competitive with conventional raised meat.
All signs are clear that the first
bioreactors for commercially sold
cell-based cultured meat in small
quantities to – for example, sales of
Memphis Meat products to selected
restaurants – will be ready sometime in 2020 or slightly thereafter.
The US Company Just might follow
soon thereafter. The introduction of

cell-cultured meat for mass consumer introduction at retail level is
probably sometime 2028.
Even though clean meat is some
years away from large commercial
introduction, it is likely that cultured
meat will eventually be cheaper than
ranch-grown meat. Looking in the
future, it is not unthinkable that
traditional cattle ranchers will go out
of business because of competition
from meat grown via cell culture.
Traditional ranchers might arrive in
a disadvantageous position because
of the outgrow cycle of beef and
everything else that is associated
with bringing traditional meat to the
table.
The world’s overreliance on
factory-raised livestock to feed the
burgeoning demand for protein will
be ecologically and environmentally
difficult to sustain. Add to that the
misery of highly intensively industrial meat production often associated with the use of chemical fertilizer, hormones, antibiotics, energy,
land and water required to keep the
outgrow cycle of animals at pace for

The road to successful large-scale
industrial cultured meat is still quite
long. However, looking at the large
pressure on natural resources in the
coming decades, the world has no
other choice but to embrace this
new biotechnology, which can
become an integral strategy as part
of combining it with plant meat
formulated products. The tandem or
hybrid of an integrated animal-free
cultured meat and plant protein
derived diet is probably the most
logic way forward.
For example, Memphis Meat, San
Leandro, Silicon Valley California
debuted in March 2017 the world’s
first chicken strip from animal cells,
following the animal-free meatball
introduction in 2016. In a nutshell:
using animal cells, and infusing
grow cultures ultimately transitions
in a few weeks to nutritious food to
make the cells grow into muscle.
This whole process from start to
finish takes about four to six weeks,
depending on the organoleptic
parameters. Memphis Meat has
successfully created cultured beef,
chicken- and duck meat. Duck meat
might sound weird at first, but it is
popular in China, which consumes
more of it than the rest of the world
combined.
Large global meat companies are
now also investing in futuristic meat
projects, by means of outsourcing
their own rather inward thinking
traditional food technologists (Tab.).
In a way, these conglomerate companies act as a venture capital
provider and thus allowing the
acceleration of research and development of these highly innovative
food systems, along with service
companies that facilitate the marketing of these products.
Memphis Meat has received
financial backing from Cargill and
household-name individuals like Sir
Richard Branson and Bill Gates, as
well as the venture capital arm of
Tyson Foods. Memphis Meat mission is bringing cultured meat to the
plate in a more sustainable, affordable and delicious way. Mosa Meat
received their first major financial
backing from the German pharmaceutical powerhouse Merck (M
Ventures) as well as from Bell
Foods, Switzerland. Meat is still
universally enjoyed in many of the
world cultures and traditions,
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though it is time to switch from
conventional slaughtered meat that
creates challenges for the environment to a humane and clean
method of meat production.
More to the point, most new
technology introductions are taken
with skepticism and often driven by
a “can’t do” attitude. It is precisely
the entrepreneurial spirits of many
of the capital venture companies
that are uniquely able to select the
true innovators and provide the
financial means to make their
dream come true. With this is mind;
it seems to be easier to fund a disruptive plant protein startup than to
find capital support for an animal
protein startup company.

Pushback
Increased interest by consumers and
cell-cultured companies’ merits a
public hearing to further discuss
how such products should be regulated for food safety. Like with any
other disrupting innovation, there is
usually a pushback from the legacy
meat industry for fear that their

“monopoly” business model might
be threatened. Instead of embracing
new science and looking how to
incorporate new learning’s, there are
reports of orchestrated attempts to
sabotage or greatly slow down the
speed of progress.
The debate in the US is heating up
over how to regulate and label cellbased meat protein products. The
legacy meat industry is against
calling these products “meat” and
wants these to be held to the same
stringent food safety standards as
meat harvested from food animals.
Some cultured meat startup
companies believe that traditional
meat lobbying groups have an undue
and threatening amount of political
clout, and hence prefer the USDA to
regulate, rather than the FDA assuming responsibility for cultured
meat safety and labeling.
The introduction of cultured meat
might at first come across as a supersensitive issue for the cattlemen and
the legacy meat industry. However,
ultimately it will be an industry-wide
opportunity, rather than as a threat

taking away market share from
farmers.
It is not a bad thing to take a step
back to view these changes in light of
the greater good, a changing ethical
and moral landscape, acknowledgment of knowledge gaps, implications on a larger time scale, unforeseen effects on ecosystems, and
much more.
For example, the pharma- and
cosmetics industry heavily relies on
animal by-products to produce their
consumer products. Especially in the
time of backlash against synthetic,
the same flexitarian consumers are
pushing the pharma- and cosmetics
industry to look for natural alternatives, which may or may not be
animal-derived. This is potentially an
impasse and will lead to more industrial backing for the meat industry to
protect the current supply chain of
by-products. However, taking the
previous into consideration, the
difference in applying breaks and
money-driven protectionism is like
splitting hairs, which is a discussion
on its own.

Ultimately, implementation of
new technology will win due to the
numerous inherent socioeconomic,
health and food security issues the
global market will eventually need.
History has always shown that
progress can be temporarily slowed
down, but ultimately it will succeed.
Hence, the big-name traditional
meat processors will ultimately
embrace the emerging cultured meat
technology, whether as acquirers,
licensees, customers or investors.

Name calling anyone?
It is clearly a huge problem that
“laboratory-grown” meat is still
struggling with its own descriptive
name. As it stands now, cell-cultured
meat is known by many names:
cellular meat, clean meat, synthetic
meat, fake meat and “in-vitro meat”.
These are just different names for
basically trying to say: “Cell cultures
instead of animals”.
There are currently clear divisions
between the interest of traditional
meat stakeholders, and the advocates of the new technology promotAdvertisement
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ing names such as “cell-based meat”
or “cell-cultured meat”. The strategy
of the traditional livestock producers
is intended to cast a negative impression by using terminology such
as “lab-grown meat”, fake meat,
synthetic meat and artificial meat.
Clearly, the cell-cultured meat companies believe those names are false
and misleading and prefer to use
familiar household names in combination with modifiers such as “cellbased” in order to provide the consumer with meaningful and transparent information i.e. sharing the
information that the product has
been produced without killing animals. The term cell-based or cellcultured meat seems to be the frontrunner to be selected as the preferred name descriptor. The name is
clear, factual and inclusive and
distinct from plant-based proteins
and animal based meats. From the
consumer standpoint of view, cellcultured meat labeling will need
truthfulness and transparency.
Ideally, the agreed upon consumer
label should not imply an advantage
or disadvantage with traditionalraised and slaughtered meat.
It is not an easy task for government regulators how to adequately
differentiate cell-cultured products
from the traditional meat products.
There are clearly opposing views
between the animal farming community and the cell-cultured disruptors. It is no surprise that animal
farmers prefer keeping the monopoly of using the word “meat” and not
to confuse consumers with emerging biotechnology systems of assembling or growing a group of cells
together in a bioreactor. It will also
be important to communicate via
label disclosure if growth support
“additives” are used when producing
cell-based foods. For example, for

Cell-cultured meat for today’s future
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General schema of the process for cell-cultured meat products from
animal-origin cells in bioreators (adapted from SPECHT and L AGALLY, 2017) .

cell-cultured meat manufacturing,
antimicrobials may be used to assure
a sterile growing environment. The
consumer has the right to know so
that informed purchasing decisions
can be made based on the presence
or absence of various support or
processing material in cell-cultured
products.
Both the US Food and Drug
Agency (FDA) and USDA will likely
play an active role in the regulatory
oversight of cell-cultured meat
technology, including safety evaluations and consumer name definitions and regulatory nomenclature
and statement of identity. The labeling debate is far from over and
probably will continue right until the
moment the very first commerciallyproduced cell-cultured products are
introduced. Whatever the regulatory
outcome, it is important to acknowledge that scientific innovation and
progress should not be stymied. As
long as cell-cultured meat products
Advertisement

are organoleptic and nutritionally
equivalent to their non-biotechnologically counterparts, the new wave
food disruptors should not be required to any further hurdles of
regulatory burden, including mandatory labels. The scientific innovation
of cellular agriculture has far more
in common with medical biotechnology than animals to be raised for
slaughtering. The idea of growing
animal cells at scale inside a bioreactor is still something that ordinary
people will find hard to grasp.
For consumers the main dilemma
is the marketing name of these
cell-cultured foods. There indeed is
a risk that consumers will be totally
stressed out accepting names that
sound like a sinister science experiment. An overwhelming number of
US consumers believe that food
products developed from cultured
animal cells should carry specific
labels about how they are produced
or at least as something other than
just “meat”. Perhaps a way forward
is to take a page from the upstart
craft beer companies and call it
“craft meat”. The word “craft” typically has a positive consumer perception and the message can get
across that animal-free meat facilities will look more like fermentation
breweries. Scientists frequently use
the name “cell-cultured meat”,
though other names might become
more trending and present a better
strategy to attract the interest of the
consumer. But then again, there is
still the very influential political
lobby of the traditional meat industry and, no doubt, heavy pushback
will happen. If – for example – the

wording “clean meat” is going to be
the marketing choice, in the mind of
the consumer, all other traditional or
conventional meat will be considered “unclean”. Consumers usually
attach symbolic meanings to certain
words, even though they do not
understand these words. For example, meat grown from stem cells,
rather than traditional meat, can be
considered less natural and perhaps
more risky.
The bottomline of the meat harvest traditionalists concern is that
cell cultured meat does not involve
raising and slaughtering animals,
might negatively impact the meat
industry. However, seen from a
different perspective, cell-cultured
meat is an opportunity, not a threat,
because it represents a new and
better manner to supply much
needed food for the global supply
chain. Cell-cultured meat satisfies all
the functional characteristics of
meat, in that it is derived from a
certain species of livestock, from a
certain part of the animal, and
non-living. Limitations on product
labeling will make it difficult for
cultured meat products to be successfully commercially introduced.
It can be expected that traditional
meat producers will attempt to
restrict the use of the terms “beef”,
“pork”, and “chicken” to products
from animals.

Feeding the world
Cell-based biotechnology should be
seen as an additional method – and
not as a replacement for traditional
harvested meat. Both systems will
be needed to secure safe food availability for the rapidly growing global
population Traditional livestock
farmers do not have to worry about
the competition from cell-cultured
meat companies. There are clear
FAO forecasts that the global meat
production needs to increase by
50% to provide quality protein for
the ten billion people living on
planet earth by 2050. If 100% of that
growth were cell-based meat, it
would not impact a single livestock
producer anywhere on the planet.
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