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(57) ABSTRACT

The present disclosure provides methods and compositions
useful for the production of slaughter-free meat products,
and the characterizations of the same. The slaughter-free
meat products contain several points of distinction when
compared to conventional meat procured by harvesting the
tissue of a dead animal. Such points of distinction include,
but are not limited to, significantly reduced or substantially
no: steroid hormones, antibiotics, or microbial contamina-
tion; lower fat content; no vasculature; and extended shelf
life both at room temperature and when refrigerated.
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CHARACTERISTICS OF MEAT PRODUCTS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. provisional
patent application No. 62/970,109, filed on Feb. 4, 2020, the
contents of which are incorporated herein by reference in its
entirety.

BACKGROUND

[0002] Animal meat is a first-choice source of protein for
many people all over the world. The total estimated con-
sumption of meat (chicken, turkey, veal, lamb, beef, pork) in
2018 in the USA was 219 1b per capita. It is expected that
the traditional (conventional) method of harvesting meat
from slaughtered animals, such as livestock, poultry, and
fish, usually involving slaughter, may not be sufficient to
meet the future demand for meat. Additionally, meat pro-
duction from these sources is associated with several draw-
backs, although legally acceptable, such as increased levels
of microbial contamination, and exposure to the hormones
and antibiotics traditionally found in conventional meat
products. Conventional meat production is also associated
with environmental drawbacks such as poor conversion of
caloric inputs, greenhouse gas emissions, land usage, water
usage, and local pollution. One alternative to conventional
meat production involving slaughter is the production of
meat by culturing metazoan cells in the laboratory (also
referred to herein interchangeably as cell-based meat, cell-
based meat, cell culture-based meat, cell-based meat, cell-
based meat, or cultured meat).

[0003] Adoption of cell-based meat products into the food
supply chain will depend on a variety of factors such as the
quantifiable features of the meat itself, including, but not
limited to, the macro and micro nutrient profiles, levels of
hormones, and antibiotics, and shelf life. Comparisons to
conventional products will need to be made to ensure
comparable nutrient profiles, while seeking out distinguish-
able factors, such as low/no hormonal or antibiotic content
and microbial counts. Cell-based meat products are not yet
commercially available but ultimately regulatory bodies will
also require quantification and accountability of the meat
products intended for the market, food safety establishment
prior to sale as well as post-market compliance of the meat
products intended for the market.

[0004] Production of cell-based meat and customizations
to flavor and texture still remain limited by several factors,
consistent and methodical production being a few. Provided
herein are compositions and methods that address this and
other related needs.

SUMMARY

[0005] Provided herein are methods and compositions
related to the production of slaughter-free meat products
generated from cells grown in culture; these meat products
are interchangeably referred to herein as cell-based meat
products.

[0006] In one aspect, provided herein is a slaughter-free
meat product for dietary consumption exhibiting an
extended shelf life, wherein the shelf life is extended for
varying durations following harvest, when compared to
conventional meat obtained by slaughter. In a related aspect,
provided herein is a slaughter-free meat product for dietary
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consumption exhibiting a lower microbial contamination
count as compared to conventional meat obtained by slaugh-
ter, wherein the lower microbial contamination count is
exhibited for varying durations following harvest. The
slaughter-free meat product may be of any species as dis-
closed herein.

[0007] Also provided herein are methods of generating the
slaughter-free meat products of the disclosure, comprising
culturing cells such as fibroblasts, myoblasts, adipocytes,
endothelial cells, cells of a mesodermal lineage, and com-
binations thereof, in either suspension culture, or in adherent
formats.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 shows the amino acid profiles found in
exemplary slaughter-free, cell-based meat samples, as com-
pared to conventional meat. The USDA database includes
amino acid data from: bluefin tuna, tilapia, yellowfin tuna,
turkey, lamb, chicken, beef, cornish game hens, guinea fowl,
pheasant, quail, squab, goose, duck, ostrich, beef top sirloin,
beef short ribs, beef shank, chicken breast, chicken thigh,
pork shoulder, grass fed bison, chicken wing, chicken neck,
turkey breast, turkey wing, turkey thigh, and lamb shank.
[0009] FIG. 2 shows the mean concentration range of
hydroxyproline in exemplary cell-based meat samples (ex-
pressed as grams of hydroxyproline per 100 g of wet mass
of cell-based meat).

[0010] FIG. 3 shows representative plates with bacteria
colonies, indicative of microbial contamination, showing
results for exemplary samples of slaughter-free cell-based
duck, store-bought (conventional) beef, and store-bought
chicken.

[0011] FIG. 4 shows total fatty acid composition for
saturated, monounsaturated and polyunsaturated fatty acids
across exemplary of slaughter-free cell-based meat samples.
[0012] FIG. 5 shows the principal component analysis
(PCA) of fatty acid data, gathered from the USDA database
for conventional meat products.

[0013] FIG. 6 shows the ratio of Omega 6 to 3 fatty acids
in an exemplary sample of slaughter-free cell-based chicken
meat.

[0014] FIG. 7 shows that the presence of serum in the
media used to generate cell-based meat (CBM) from cells in
culture can affect fatty acid profiles; the figure shows the
fatty acid percentages in exemplary slaughter-free cell-based
meat samples, produced in serum free media vs. media
containing serum. W3=omega 3 FA; W=6=omega 6 FA;
W=9=omega 9 FA.

[0015] FIG. 8 shows that using serum from different
sources imparts different fatty acid profiles in slaughter-free
cell-based meat samples. The data are from Method 10 from
Table 1. Key—BS: Bovine serum; CS: Chicken serum; FBS:
Fetal bovine serum; Hy: soy-based plant hydrolysate; Media
contained 8-10% of particular serum; DMEM-F12 was used
as the base media.

[0016] FIG. 9 shows that isolated clones of myoblast cells
from a polyclonal population of myoblast cells can impact
the fatty acid profile of slaughter-free cell-based meat
samples.

[0017] FIG. 10 shows that fatty acid profiles of slaughter-
free cell-based meat are affected by media composition, and
the addition of an agonist that targets the Liver X Receptor
p (LXRP).
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[0018] FIG. 11 shows that fatty acid profiles of slaughter-
free cell-based meat are affected by media composition, and
the addition of riboflavin.

[0019] FIG. 12 shows that the titration of fatty acids into
the media used for culturing cell-based meat can change the
fatty acid profile of slaughter-free cell-based meat.

[0020] FIG. 13 shows the cooked hardness of slaughter-
free cell-based meat generated from fibroblast/myoblast

co-cultures, and monocultures, as compared to conventional
chicken and beef.

DETAILED DESCRIPTION

[0021] Provided herein are methods and compositions
related to the slaughter-free production of meat products,
and rely on the use of cell culture based methods for the
growth, harvesting, and formulation of cells into meat
products. There are several differences in the slaughter-free
meat products of the disclosure when compared to conven-
tional meat obtained by slaughter, and these differences are
described throughout.

[0022] Before describing particular embodiments in
detail, it is to be understood that the disclosure is not limited
to the particular embodiments described herein, which can
vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular illustrative
embodiments only, and is not intended to be limiting unless
otherwise defined. The terms used in this specification
generally have their ordinary meaning in the art, within the
context of this disclosure and in the specific context where
each term is used. Certain terms are discussed below or
elsewhere in the specification to provide additional guidance
to the practitioner in describing the compositions and meth-
ods of the invention and how to make and use them. The
scope and meaning of any use of a term will be apparent
from the specific context in which the term is used. As such,
the definitions set forth herein are intended to provide
illustrative guidance in ascertaining particular embodiments
of the invention, without limitation to particular composi-
tions or biological systems.

[0023] As used in the present disclosure and the appended
claims, the singular forms “a,” “an” and “the” include plural
references unless the content clearly dictates otherwise.
[0024] Throughout the present disclosure and the
appended claims, unless the context requires otherwise, the
word “comprise”, or variations such as “comprises” or
“comprising”, will be understood to imply the inclusion of
a stated element or group of elements but not the exclusion
of any other element or group of elements.

[0025] The term “edible” in the context of the cell-based
meat as used herein encompasses raw or uncooked meat as
well as partially or fully cooked meat.

[0026] Unless specific definitions are provided, the
nomenclature utilized in connection with, and the laboratory
procedures and techniques of, molecular biology, cell biol-
ogy, analytical chemistry, and synthetic organic chemistry
described herein are those well-known and commonly used
in the art. Standard techniques may be used for recombinant
technology, molecular biological, microbiological, chemical
syntheses, and chemical analyses.

[0027] The term “slaughter” as applied to the manner in
which conventional meat is obtained covers all methods
traditionally used to kill an animal, with the purpose of
directly harvesting its meat for dietary consumption.
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[0028] The term “slaughter-free” as applied to the cell
based meat products of the disclosure refer to the process by
which the meat is generated, starting with cells in culture,
and that method which does not involve the slaughter of an
animal in order to directly obtain meat from that animal for
dietary consumption. It is understood that in some embodi-
ments, it is possible that the starting cells for use in the cell
culture methods may have been obtained following the
slaughter of an animal, or a biopsy—although the starting
cells for use in culture may have been obtained in this
manner, the meat resulting from the culturing of cells, by
harvest and a possible subsequent formulation are still
considered to be meat obtained in a slaughter-free manner.
It is noted that as a general matter, as used herein, harvesting
of the slaughter-free cell-based meat product may involve
using a buffered solution of water (or other aqueous solu-
tion) to remove the meat where it is grown (e.g. the surface
of a bioreactor, or in a container comprising a the cells
cultured in suspension), and the meat may then captured in
a collection device (e.g. net, sieve, colander). In some
embodiments the meat may be harvested by physical meth-
ods (such as scraping), enzymatic methods, and/or chemical
methods. In some embodiments the meat may be harvested
by any of the above mentioned methods and subsequently
rinsed with buffered solutions (or other aqueous solutions).
[0029] The phrases “cell-based meat”, “slaughter-free
cell-based meat”, “in vitro produced meat”, “in vitro cell-
based meat”, “cultured meat”, “slaughter-free cultured
meat”, “in vitro produced cultured meat”, “in vitro meat”,
“in vitro cultured meat” and other similar such phrases are
interchangeably used herein, and refer to the meat that is
generated in vitro, starting with cells in culture, and that
method which does not involve the slaughter of an animal in
order to directly obtain meat from that animal for dietary
consumption.

1. GENERATION OF SLAUGHTER-FREE
CELL-BASED MEAT

[0030] Provided herein are methods to produce cell-based
meat products in a slaughter-free manner.

[0031] A. Cells

[0032] The slaughter-free cell-based meat products of the
disclosure are compositions produced by the culturing of
naturally occurring, transgenic, or modified cells in culture.
[0033] The cells used in the methods of the present
disclosure can be primary cells, or cell lines. The methods
provided herein are applicable to any metazoan cell in
culture. Generally, the cells can be from any metazoan
species whose tissues are suitable for dietary consumption.
In some embodiments, the cells demonstrate the capacity for
skeletal muscle tissue specification (e.g. myoblasts). In other
embodiments, the cells do not demonstrate the capacity for
skeletal muscle tissue specification.

[0034] In some embodiments, the cells are derived from
any non-human animal species intended for human or non-
human dietary consumption. In some embodiments the cells
may be of avian, ovine, caprine, porcine, bovine, or piscine
origin. In some embodiments the cells may be of livestock,
poultry, avian, game, or aquatic species.

[0035] In some embodiments, the cells are from livestock
such as domestic cattle, pigs, sheep, goats, camels, water
buffalo, rabbits and the like. In some embodiments, the cells
are from poultry such as domestic chicken, turkeys, ducks,
geese, pigeons and the like. In some embodiments, the cells
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are from game species such as wild deer, gallinaceous fowl,
waterfowl, hare and the like. In some embodiments, the cells
are from aquatic species or semi-aquatic species harvested
commercially from wild fisheries or aquaculture operations,
or for sport, including certain fish, crustaceans, mollusks,
cephalopods, cetaceans, crocodilians, turtles, frogs and the
like.

[0036] In some embodiments, the cells are from exotic,
conserved or extinct animal species. In some embodiments,
the cells are from Gallus gallus, Gallus domesticus, Bos
taurus, Sous scrofa, Meleagris gallopavo, Anas platyryn-
chos, Salmo salar, Thunnus thynnus, Ovis aries, Coturnix,
Capra aegagrus hircus, or Homarus americanus. Accord-
ingly, exemplary slaughter-free cell-based meat products of
the disclosure include avian meat products, chicken meat
products, duck meat products, and bovine meat products.
[0037] In some embodiments, the cells are primary stem
cells, self-renewing stem cells, embryonic stem cells,
pluripotent stem cells, induced pluripotent stem cells, or
transdifferentiated pluripotent stem cells.

[0038] In some embodiments, the cells are modifiable by
a genetic switch to induce rapid and efficient conversion of
the cells to skeletal muscle for cultured meat production.
[0039] Insomeembodiments, the cells are myogenic cells,
destined to become muscle, or muscle-like cells. In some
embodiments, the myogenic cells are natively myogenic,
e.g. myoblasts. Natively myogenic cells include, but are not
limited to, myoblasts, myocytes, satellite cells, side popu-
lation cells, muscle derived stem cells, mesenchymal stem
cells, myogenic pericytes, or mesoangioblasts.

[0040] In some embodiments, cells are of the skeletal
muscle lineage. Cells of the skeletal muscle lineage include
myoblasts, myocytes, and skeletal muscle progenitor cells,
also called myogenic progenitors that include satellite cells,
side population cells, muscle derived stem cells, mesenchy-
mal stem cells, myogenic pericytes, and mesoangioblasts.
[0041] Insome embodiments, the cells are non-myogenic,
and such non-myogenic cells can be programmed to be
myogenic, for example the cells may comprise fibroblasts
modified to express one or more myogenic transcription
factors. In exemplary embodiments, the myogenic transcrip-
tion factors include MYODI1, MYOG, MYF5, MYF6,
PAX3, PAX7, paralogs, orthologs, and genetic variants
thereof. In some embodiments, the cells are modified to
express one or more myogenic transcription factors as
described in a PCT publication, WO/2015/066377, incorpo-
rated by reference herein in its entirety.

[0042] Insome embodiments, the cells comprise a mixture
of cell populations described herein, e.g. a mixture of
fibrogenic cells and myogenic cells in co-culture, e.g. a
mixture of fibroblasts and myoblasts in co-culture. In some
embodiments the cells used for the production of cell-based
meat are a mixture of fibroblasts and myoblasts in a sus-
pension co-culture. In some embodiments the cells used for
the production of cell-based meat are a mixture of fibroblasts
and myoblasts in an adherent co-culture. In some embodi-
ments cells in co-culture comprise additional cell types such
as adipocytes, endothelial cells, and generally cells from the
mesoderm lineage.

[0043] In some co-culture embodiments, the cells are in a
suspension co-culture, in some embodiments, the cells are in
anadherent co-culture, and in some embodiments, the cul-
turing processing makes use of both techniques. The co-
cultures provide herein comprise a mixture of at least

Aug. 5,2021

fibroblasts and myoblasts. In some embodiments, the ratio of
the fibroblasts to myoblasts (designated as F and M) ranges
from about SF:95M to about 95F:5M. In exemplary embodi-
ments, the ratio of the fibroblasts to myoblasts is about
5F:95M, 10F:90M, 15F:85M, 20F:80M, 25F:75M, 30F:
70M, 35F:65M, 40F:60M, 45F:55M, 50F:50M, 55F:45M,
60F:40M, 65F:35M, 70F:30M, 75F:25M, 80F:20M, 85F:
15M, 90F:10M, or even about 95F:5M.

[0044] In some embodiments, the cells are genetically
modified to inhibit a pathway, e.g. the HIPPO signaling
pathway. Exemplary methods to inhibit the HIPPO signaling
pathway as described in a PCT Application No. PCT/
US2018/031276, incorporated by reference herein in its
entirety.

[0045] In some embodiments, the cells are modified to
express telomerase reverse transcriptase (TERT) and/or
inhibit cyclin-dependent kinase inhibitors (CKI). In some
embodiments, the cells are modified to express TERT and/or
inhibit cyclin-dependent kinase inhibitors as described in a
PCT publication, WO 2017/124100, incorporated by refer-
ence herein in its entirety.

[0046] In some embodiments, the cells are modified to
express glutamine synthetase (GS), insulin-like growth fac-
tor (IGF), and/or albumin. Exemplary methods of modifying
cells to express GS, IGF, and/or albumin are described in a
PCT Application No. PCT/US2018/042187 which is incor-
porated by reference herein in its entirety.

[0047] In some embodiments, the cells may comprise any
combinations of the modifications described herein.

[0048] B. Cultivation Infrastructure

[0049] As referred to herein, a cultivation infrastructure
refers to the environment in which the cells are cultured or
cultivated to provide a two-dimensional or three-dimen-
sional meat product.

[0050] A cultivation infrastructure includes but is not
limited to a roller bottle, a tube, a cylinder, a flask, a
petri-dish, a multi-well plate, a dish, a vat, an incubator, a
bioreactor, and an industrial fermenter.

[0051] While the cultivation infrastructure itself may have
a three-dimensional structure or shape, the cells cultured in
the cultivation infrastructure may form a monolayer of cells.
Compositions and methods of the present disclosure can
promote a three-dimensional growth of metazoan cells in the
cultivation infrastructure to provide a scaffold-less self-
assembly of a three-dimensional cellular biomass.

[0052] A three-dimensional cultivation infrastructure may
be sculpted into different sizes, shapes, and forms, as
desired, to provide the shape and form for the muscle cells
to grow and resemble different types of muscle tissues such
as steak, tenderloin, shank, chicken breast, drumstick, lamb
chops, fish fillet, lobster tail, etc. The three-dimensional
cultivation infrastructure may be made from natural or
synthetic biomaterials that are non-toxic so that they may
not be harmful if ingested. Natural biomaterials may
include, for example, collagen, fibronectin, laminin, or other
extracellular matrices. Synthetic biomaterials may include,
for example, hydroxyapatite, alginate, polyglycolic acid,
polylactic acid, or their copolymers. The three-dimensional
cultivation infrastructure may be formed as a solid or
semisolid support.

[0053] A cultivation infrastructure can be of any scale, and
support any volume of cellular biomass and culturing
reagents. In some embodiments, the cultivation infrastruc-
ture ranges from about 10 pl. to about 100,000 L. In
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exemplary embodiments, the cultivation infrastructure is
about 10 uL, about 100 ul, about 1 mL, about 10 mL, about
100 mL, about 1 L, about 10 L, about 100 L, about 1000 L,
about 10,000 L, or even about 100,000 L.

[0054] In some embodiments, the cultivation infrastruc-
ture comprises a substrate. A cultivation infrastructure may
comprise a permeable substrate (e.g. permeable to physi-
ological solutions) or an impermeable substrate (e.g. imper-
meable to physiological solutions). The substrate can be flat,
concave, or convex. The substrate may be textured so as to
promote cell growth and cell sheet attachment.

[0055] In some embodiments, the culturing of cells in the
cultivation infrastructure can induce the production of extra-
cellular matrix (ECM) that may act as an autologous scaffold
to direct three-dimensional cellular growth, e.g. to direct
attachment, proliferation and hypertrophy of cells on a plane
perpendicular to the substrate.

[0056] In some embodiments, the cultivation infrastruc-
ture does not comprise an exogenously added scaffold to
promote self-assembly of a three-dimensional cellular bio-
mass. In some embodiments, the cultivation infrastructure
does not comprise exogenous scaffolds such as a hydrogel or
soft agar.

[0057] C. Culturing Conditions

[0058] The culturing conditions for the generation of
cell-based meat are generally aseptic, and sterile.

[0059] Cells can be grown in an adherent culture format to
form a cell sheet or can be grown in a suspension culture
format to form a cell pellet. Table 1 provides exemplary
culture methods for the various meat products that can be
produced.

[0060] In some embodiments, the media is substantially
free of serum or other components derived from an animal.
[0061] Accordingly, in some embodiments, provided
herein is a method of producing slaughter-free cell-based
meat comprising: (a) providing cells from a non-human
organism; (b) culturing the cells in media under conditions
under which the cells grow in either suspension culture or
adherent culture, wherein the media is substantially free of
serum and other components derived from an animal; and
optionally (c) isolating the cells and producing the slaughter-
free meat product. In some embodiments the cells in culture
comprise fibroblasts, myoblasts, or a co-culture of fibro-
blasts and myoblasts; in some embodiments cells in co-
culture comprise additional cell types such as adipocytes,
endothelial cells, and generally cells from the mesoderm
lineage.

[0062] Insome embodiments, provided herein is a method
of producing a slaughter-free meat product exhibiting an
extended shelf life and/or lower microbial content compared
to conventional meat obtained by slaughter, the method
comprising: (a) providing cells from a non-human organism;
(b) culturing the cells in media under suspension culture
conditions, or adherent culture conditions, wherein the
media is substantially free of serum and other components
derived from an animal; and optionally (c) isolating the cells
and producing the slaughter-free meat product. In some
embodiments the cells in culture comprise fibroblasts, myo-
blasts, or a co-culture of fibroblasts and myoblasts; in some
embodiments cells in co-culture comprise additional cell
types such as adipocytes, endothelial cells, and generally
cells from the mesoderm lineage.

[0063] In some embodiments, the cells are grown in a
suspension culture, e.g. in a shake flask, and the product of
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the culture yields a cell pellet. In some embodiments the
product may be obtained by physical methods (e.g. centrifu-
gation, gravity-assisted settling), chemical methods, enzy-
matic methods, sedimentation, concentration, flocculation,
and the like. In other embodiments, the cells are grown in
adherent culture, and the product of the culture is a cell
sheet.

[0064] D. Harvesting and Formulation

[0065] In some embodiments, the slaughter-free cell-
based meat of the disclosure is harvested from a bioreactor
(or other cell growth apparatus) and assessed for its prop-
erties prior to formulation. In some embodiments, the har-
vesting is carried out under aseptic conditions (e.g. using
sterile gloves and working conditions, in a laminar flow
hood).

[0066] The slaughter-free cell-based meat of the disclo-
sure may be formulated post-harvest (e.g. manipulated,
processed) into a specific edible food type, any variety of
products, including, but not limited to, a meatball, patty,
surimi, cutlet, sausage, loaf, tender, filet-style products, hot
dog, nugget, etc. Slaughter-free cell-based meat formulated
products of the disclosure may also include meat that has
been seasoned or dried such as jerky or snack-stick type
products, e.g. in order to further extend the shelf life.
Slaughter-free cell-based meat formulated products of the
disclosure may also comprise additional ingredients (addi-
tives) such as binders, spices, stabilizers, preservatives, and
the like. In exemplary embodiments, formulation includes
adding one or more of the following ingredients to the
harvested cell-based meat: vital wheat gluten, calcium chlo-
ride, iota carrageenan, flavor precursor mix, transglutami-
nase enzyme powder (maltodextrin, enzyme), protein con-
centrates, protein isolates, polysaccharides, carrageenans,
flavorings, yeast extracts, enzymes, fibers, texturized pro-
teins, pectins, starches.

II. CHARACTERISTICS OF CELL-BASED
MEAT

[0067] Provided herein are slaughter-free cell-based meat
products comprising a number of unique features that allow
them to be distinguished from conventional meat (which
involves the slaughter or otherwise demise of a live animal).
The methods can also be tailored to achieve desired traits
such as health benefits and sensory benefits. The points of
distinction include at least the extended shelf life, levels of
hormones, antibiotics, and microbial contamination in the
cell-based meat, but can also include further customization
such as altered levels of fat content, amino acid profiles,
texture, and the like. These are considered in turn below.
[0068] A. Hormones

[0069] As compared to conventional meat, the slaughter-
free cell-based meat of the disclosure comprises signifi-
cantly lower amounts of steroid hormones. For example,
using the culturing methods described, there need not be any
exogenous hormones added into culture thus resulting in
lower or non-existent hormonal levels in the resulting meat.
Accordingly, in some embodiments, the slaughter-free cell-
based meat product is substantially free of steroid hormones
(i.e. contains little or no steroid hormones). This is in
contrast to animals raised for conventional meat production,
where they are often fed or otherwise administered exog-
enous hormones. It is noted that even animals (e.g. chicken,
livestock) raised for conventional meat production that are
not fed or administered any exogenous hormones, still have
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testosterone, estradiol, progesterone, among an array of
others hormones, simply due to the basal production levels
by the animals’ glandular systems. Estradiol, progesterone,
and testosterone are natural hormones found in conventional
meat at some low level depending on animal gender. In
contrast, the cell-based meat of the disclosure comprises
lower levels of steroid hormones or is even substantially free
of steroid hormones. For example, ELISA results for 17-
estradiol indicated that slaughter-free chicken meat samples
yielded a lower concentration compared to conventional
chicken. 17p-estradiol levels were on average 35 ng estra-
diol/kg wet mass for slaughter-free chicken meat using the
ELISA kit whereas conventional chicken, procured from the
local grocery, was 90 ng/kg estradiol/kg wet mass.

[0070] Accordingly, in some embodiments, the cell-based
meat of the disclosure comprises no more than about 1 ug,
0.5 ug, 0.1 ug, 0.05 ug, 0.01 ug, 0.005 ug, or even about
0.001 ug steroid hormone/kg dry mass of cell-based meat. In
some embodiments, the cell-based meat comprises no more
than about 1 ug, 0.5 ug, 0.1 ug, 0.05 ug, 0.01 ug, 0.005 ug,
or even about 0.001 ug progesterone/kg dry mass of cell-
based meat. In some embodiments, the cell-based meat
comprises no more than about 1 ug, 0.5 ug, 0.1 ug, 0.05 ug,
0.01 ug, 0.005 ug, or even about 0.001 ug testosterone/kg
dry mass of cell-based meat. In some embodiments, the
cell-based meat comprises no more than about 0.05 ug, 0.01
ug, 0.005 ug, or even about 0.001 ug estradiol/kg dry mass
of cell-based meat. In exemplary embodiments, the cell-
based meat comprises no more than about 35 ng estradiol/kg
dry mass of cell-based meat.

[0071]

[0072] Using the culturing methods described, the slaugh-
ter-free cell-based meat product is substantially free of
microbial contaminants. “Substantially free” means that the
concentration of microbes or parasites is below a clinically
significant level of contamination, e.g., below a level
wherein ingestion would lead to disease or adverse health
conditions. Such low levels of contamination leads to an
increased shelf life. This is in contrast to animals raised for
conventional meat production destined for slaughter. As
used herein, microbial contamination includes, but is not
limited to, bacteria, fungi, viruses, protozoa, and combina-
tions thereof. Harmful microbes may include coliforms
(fecal bacteria), E. coli, yeast, mold, Campylobacter, Sal-
monella, Listeria, and Staph. A skilled artisan would under-
stand that any contaminant can be measured.

[0073] It is noted that the lower microbial contamination
associated with the slaughter-free cell-based meat product of
the disclosure as compared to conventional meat obtained by
slaughter is exhibited at all temperatures: e.g. from about 0°
C. to about 30° C., e.g. both at standard domestic refrigerator
temperatures (e.g. about 2° C. to about 6° C.) and at room
temperature (e.g. about 22° C. to about 25° C.). It is also
noted that the lower microbial contamination associated
with the slaughter-free cell-based meat product of the dis-
closure as compared to conventional meat obtained by
slaughter is exhibited for at least 3 days, 7 days, 14 days, 30
days, or 148 days following harvest, is exhibited for at least
about 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, and more weeks following harvest. It is also
noted that the lower contamination is observed both under
aseptic conditions as well as under non-aseptic conditions,
and the lower contamination is observed when the meat is
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measured post-harvest with no subsequent formulation, as
well as when the meat is measured post-harvest, and post-
formulation.

[0074] In addition, cells grown in culture may be substan-
tially free from parasites such as tapeworms that infect cells
of whole animals and that are transferred to humans through
consumption of insufficiently cooked meat.

[0075] Aseptic techniques may also be employed in pack-
aging the meat products as they come off the biological
production line. Such quality assurance may be monitored
by standard assays for microorganisms or chemicals that are
already known in the art.

[0076] As compared to conventional meat, the slaughter-
free cell-based meat of the disclosure comprises a signifi-
cantly lower amount of microbial contamination. Example
3, Example 9, Tables 12 and 13 provides a comparison of
contaminants in the slaughter-free cell-based meat versus
conventional grocery store meat obtained by slaughter.
Conventional duck meat, and especially conventional beef,
had significantly higher amounts of microbial contamina-
tion. FIG. 3 shows representative plates indicating bacteria
colonies, specifically showing results for cell-based duck,
conventional beef, and conventional chicken.

[0077] Accordingly, in some embodiments, provided
herein is a slaughter-free meat product for dietary consump-
tion exhibiting a lower microbial contamination count as
compared to conventional meat obtained by slaughter,
wherein the lower microbial contamination count is exhib-
ited for at least 3 days following harvest.

[0078] In some embodiments, the lower microbial con-
tamination count is exhibited at least 2, 3, 4, 5, 6, 7, 10, 14,
15, 20, 21, 25, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130,
140, 148, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240,
or at least 250 days following harvest.

[0079] In some embodiments, the microbial contamina-
tion count is determined following harvest, and prior to
formulation. In other embodiments, the microbial contami-
nation count is determined following formulation.

[0080] In some embodiments, the slaughter-free meat
product is maintained under non-aseptic conditions and still
exhibits the lower microbial contamination counts.

[0081] Insome embodiments the microbial contamination
count is determined by measuring the total microbial count
(TC), E. colilcoliform count (EC), E. coli microbial count,
the coliforms count, or the E. coli/coliforms count. In some
embodiments the microbial contamination count is deter-
mined by measuring the count for other microbe including,
but not limited to mold, yeast, salmonella, listeria, and
staph.

[0082] In some embodiments the slaughter-free meat
product comprises:

[0083] (a) no more than 100 cfus microbial contamina-
tion/g wet mass determined as per the FDA bacterio-
logical analytical manual;

[0084] (b) no more than 10 cfus coliform contamina-
tion/g wet mass determined as per the FDA bacterio-
logical analytical manual;

[0085] (c)no more than 10 cfus E. coli contamination/g
wet mass determined as per the FDA bacteriological
analytical manual;

[0086] (d) no more than 10 cfus yeast contamination/g
wet mass determined as per the FDA bacteriological
analytical manual;
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[0087] (e) no more than 10 cfus mold contamination/g
wet mass determined as per the FDA bacteriological
analytical manual;

[0088] (f) no detectable level of sa/monella contamina-
tion/25 g wet mass determined as per the FDA bacte-
riological analytical manual;

[0089] (g) no detectable level of /isteria contamination/
25 g wet mass determined as per the AOAC 2004.06
method;

[0090] (h) no more than 10 cfus Staph contamination/g
wet mass determined as per the AOAC 2003.07
method; and/or

[0091] (i) no more than 55 cfus total aerobic count
contamination/g wet mass determined as per the Com-
pactDry protocol.

[0092] In some embodiments, the slaughter-free meat
product comprises slaughter-free chicken, duck, or bovine
meat, and the conventional meat comprises chicken, duck or
bovine meat obtained by slaughter.

[0093] Examples 3 and 9 provide a variety of exemplary
protocols under which the shelf life and microbial contami-
nation is observed. A skilled artisan would understand that
there are a number of methods by which to measure micro-
bial contamination. These are provided at least by the
following texts: (1) FDA Bacteriological Analytical Manual
(BAM) (Edition 8, Revision A/1998) and (2) USDA Food
Safety and Inspection Service Microbiology Laboratory
Guidebook. The AOAC also provides at least the following
tests for determination of microbial contamination:

[0094] a. Enterobacteriaceae, AOAC 2003.01

[0095] b. E. coli and coliforms, AOAC 998.08

[0096] c. Yeast and mold, FDA BAM Ch. 18

[0097] d. Listeria, AOAC 2004.06

[0098] e. Salmonella (25 g), AOAC 2011.03

[0099] f. Campylobacter, AOAC RI 051201

[0100] g. AOAC 2003.07—Staph

[0101] h. Aerobic plate counts, AOAC 990.12

[0102] i. Sa/monella, AOAC 2013.02, RI PTM 081201
[0103] j. Listeria species, AOAC-RI PTM #081401
[0104] k. Aerobic Count, AOAC 990.12

[0105] 1. Coliforms & E. coli, AOAC 991.14

[0106] m. Y&M Count, AOAC 2014.05

[0107] C. Antibiotics

[0108] As compared to conventional meat, the slaughter-

free cell-based meat of the disclosure comprises signifi-
cantly lower amounts of antibiotics, or is substantially free
of antibiotics, or is free of antibiotics entirely. For example
using the culturing methods described, the use of antibiotics
in culture can be controlled or eliminated, thus resulting in
lower or non-existent antibiotic levels in the resulting cell-
based meat. Accordingly, in some embodiments, the slaugh-
ter-free cell-based meat product is substantially free of
antibiotics (i.e. contains little or no antibiotics). This is in
contrast to animals raised for conventional meat production,
where they are often fed or otherwise administered exog-
enous antibiotics.

[0109] Accordingly, in some embodiments, the cell-based
meat of the disclosure comprises no more than about 100 ug
antibiotics/kg dry mass of cell-based meat, 90 ug antibiotics/
kg dry mass of cell-based meat, 80 ug antibiotics/’kg dry
mass of cell-based meat, 70 ug antibiotics/kg dry mass of
cell-based meat, 60 ug antibiotics/kg dry mass of cell-based
meat, 50 ug antibiotics/kg dry mass of cell-based meat, 40
ug antibiotics/kg dry mass of cell-based meat, 30 ug anti-
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biotics/kg dry mass of cell-based meat, 20 ug antibiotics/kg
dry mass of cell-based meat, 10 ug antibiotics/kg dry mass
of cell-based meat, 5 ug antibiotics’kg dry mass of cell-
based meat, 1 ug antibiotics/kg dry mass of cell-based meat,
0.5 ug antibiotics/kg dry mass of cell-based meat, 0.1 ug
antibiotics/kg dry mass of cell-based meat, 0.05 ug antibi-
otics/kg dry mass of cell-based meat, or even about 0.01
ug/kg of antibiotics/kg dry mass of cell-based meat.
[0110] D. Lipids

[0111] As compared to conventional meat, the slaughter-
free cell-based meat of the disclosure comprises a lower
average total lipid (fat) content. Cell-based meat generally
has an average total fat content between about 0.5% to about
5.0%, whereas the fatty acid content in conventional meat
varies widely and can range from about 3% to about 18%,
depending on the cut of meat.

[0112] Table 14 shows the total fatty acid analysis for
several exemplary slaughter-free cell-based meat samples.
FIG. 4 shows total fatty acid composition for saturated,
monounsaturated and polyunsaturated fatty acid across
exemplary slaughter-free cell-based meat samples.

[0113] Accordingly, in some embodiments, the cell-based
meat of the disclosure comprises an average total fat content
of about 0.5%, about 0.6%, about 0.7%, about 0.8%, about
0.9%, about 1.0%, about 1.1%, about 1.2%, about 1.3%,
about 1.4%, about 1.5%, about 1.6%, about 1.7%, about
1.8%, about 1.9%, about 2.0%, about 2.1%, about 2.2%,
about 2.3%, about 2.4%, about 2.5%, about 2.6%, about
2.7%, about 2.8%, about 2.9%, about 3.0%, about 3.1%,
about 3.2%, about 3.3%, about 3.4%, about 3.5%, about
3.6%, about 3.7%, about 3.8%, about 3.9%, about 4.0%,
about 4.1%, about 4.2%, about 4.3%, about 4.4%, about
4.5%, about 4.6%, about 4.7%, about 4.8%, about 4.9%, or
about 5.0%, when measured as a % of total wet mass of the
cell-based meat.

[0114] In some exemplary embodiments, the cell-based
meat comprises one or more of the following fatty acids
classes in the amounts indicated, expressed as % of that class
over total fatty acids:

[0115] a. saturated fatty acids content between about
10% to about 60%, e.g. about 20% to about 50%, about
30% to about 40%, about 10% to about 50%, about
10% to about 40%, about 10% to about 30%, and/or
about 10% to about 20%.

[0116] b. monounsaturated fatty acids content between
about 10% to about 60%, e.g. about 20% to about 50%,
about 30% to about 40%, about 10% to about 50%,
about 10% to about 40%, about 10% to about 30%,
and/or about 10% to about 20%.

[0117] c. polyunsaturated fatty acids content between
about 1% to about 50%, e.g. about 10% to about 40%,
about 20% to about 30%, about 30% to about 20%,
and/or about 40% to about 10%.

[0118] In some embodiments, the cell-based meat of the
disclosure comprises a ratio of about 2:1 to about 18:1 of
omega 6:3 fatty acids classes. (a-linolenic acid (ALA),
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) are major omega 3 fatty acids). Accordingly, in some
embodiments, the cell-based meat of the disclosure com-
prises a ratio of about 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1,
10:1, 11:1, 12:1, 13:1, 14:1, 15:1, 16:1, 17:1, or about 18:1
of omega 6:3 fatty acids classes. On the other hand, con-
ventional meat, e.g. conventional chicken comprises a ratio
of >18:1 omega 6:3 fatty acids classes.
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[0119] The lower fat content of cell-based meat provides
a lower caloric content, lower omega 6:3 ratios, as well as
other related health benefits, when compared to conven-
tional meat.

[0120] The slaughter-free cell-based meat production can
further be customized to achieve desired profiles. Post-
harvest desiccation can further increase the fat content
and/or other solid components. Increasing lipid content in
the growth medium can increase the fat content as well.
[0121] The flavor and aroma of the cell-based meat of the
disclosure can be altered during the production. Generally,
the higher proportion of unsaturated fatty acids in the meat
gives more unsaturated volatile aldehydes and such com-
pounds may be important in determining the specific aromas
of these species.

[0122] Accordingly, the methods provided herein can alter
specific fatty acid profiles to achieve desired flavor charac-
teristics or fatty acid profiles such as Omega 3:6 ratio
through at least the following mechanisms:

[0123] a. In some embodiments, the presence of serum
in the media can affect fatty acid profiles. FIG. 7 shows
the fatty acid percentages in serum free media vs.
media containing serum.

[0124] b. In some embodiments, serum of different
sources can be used in culture to achieve different fatty
acid profiles in the slaughter-free cell-based meat prod-
uct. (FIG. 8)

[0125] c¢. In some embodiments, the use of isolated
clones from a polyclonal population can be used to alter
fatty acid profiles as well. (FIG. 9).

[0126] d. In some embodiments, the fatty acids profiles
are modulated by altering the media’s fatty acid com-
position or by the addition of media components
including compounds added to change fatty acid com-
position such as, but not limited to an agonist (e.g. an
agonist of LXRp), or riboflavin. Such adjustments to
media can impact fat profiles. (FIG. 10, FIG. 11).

[0127] e. In some embodiments, the fatty acid profiles
are modulated by the composition of the cells in
culture. Accordingly, in some embodiments, the fibro-
blasts in culture, the myoblasts in culture, or the
fibroblasts/myoblasts in co-culture can be further modi-
fied to include adipocytes.

[0128] In FIG. 9, tissue (cell sheets) were formed using a
co-culture method (described in the Method 15 in Table 1)
using culture media with enhanced levels of various com-
pounds to modulate specific biochemical pathways. Ribo-
flavin, a vitamin and common co-factor, was titrated into cell
culture media. The global effect on fatty acid concentrations
are shown.

[0129] The lower levels of fatty acids in the cell-based
meat of the disclosure also promote an extended shelf life of
the meat, for example by leading to lower levels of fatty acid
oxidation products in the meat.

[0130] E. Amino Acids

[0131] Itis also desirable that the slaughter-free cell-based
meat product of the disclosure shares similarities with
conventional meat products. The slaughter-free cell-based
meat product of the disclosure generally comprises about 50
g to about 95 g by weight of amino acids per 100 g dry mass.
For example, the cell-based meat of the disclosure com-
prises one or more of the following amino acids in the
indicated amounts (the amounts expressed as g of amino
acid/100 g total amino acid): Tryptophan about 1 to about

Aug. 5,2021

2.2, Threonine about 4.6 and 6.5, Isoleucine about 3.8 to
about 5, Leucine about 6.1 to about 8.9, Lysine about 5.7 to
about 8.8, Methionine about 0.14 to about 3.0, Cysteine
about 1.5 to about 1.8, Phenylalanine about 3.7 to about 4.8,
Tyrosine about 3.0 to about 5.2, Valine about 4.8 to about
6.1, Arginine about 7.0 to about 8.0, Histidine about 2.5 to
about 4, Alanine about 5.0 to about 6.3, Aspartic acid about
8.6 to about 10.4, Glutamic acid about 12.5 to about 14.6,
Glycine about 4.6 to about 9.8, Proline about 4.6 to about
6.8, Serine 4.4 to 5.3, and/or Hydroxyproline about 0.0 to
4.0.

[0132] In some embodiments, hydroxyproline levels are
elevated in the cell-based meat generated from fibroblast
monocultures, as compared to the conventional counterpart.
Without being held to any theory or mechanism, such an
increase in the hydroxyproline levels may be due higher
levels of collagen formation resulting from the secretion of
extracellular matrix components by fibroblast cells. In some
embodiments, when myoblasts (MB) are added to the cul-
ture system either as a polyclonal cell mixture (mixed
population of myoblasts) or monoclonal myoblast cell mix-
ture (single-cell isolated from a mixed population and
expanded), the hydroxyproline concentration can be reduced
to close to that of conventional meat. It is noted that in the
embodiments provided herein the hydroxyproline concen-
tration may also be modulated to alter the texture of the meat

product.
[0133] F. Vitamin E Content
[0134] As compared to conventional meat, the slaught