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CULTURED MEAT COMPOSITIONS

CROSS REFERENCE

[001] This application claims the benefit of priority to U.S. Provisional Patent Application No.

62/532,998 filed July 15, 2017, the contents of which are incorporated herein by reference in

their entirety.

FIELD OF INVENTION

[002] The present invention is directed to, inter alia, compositions of cultured meat and

methods of producing the same.

BACKGROUND OF THE INVENTION

[003] Cultured meat, also known as engineered or clean meat, is produced from cell culture

using tissue engineering techniques and is a prominent alternative for traditional meat production

using live animals. In the last decade this notion gained increased attention in public opinion,

popular media, investors and the scientific community, notably after the production of the first

lab-grown cultured beef burger. Food produced using animals is considered to be inefficient, as

the animals consume large amounts of food throughout their lives, which 80-90% of the calories

are wasted on the animal's metabolism and the production of non-edible tissues. When

comparing different industries, beef has the heaviest environmental impact, however in general,

all animal-based products have a larger environmental footprint compared to plant-based

products in terms of soil and water demand, and greenhouse gas (GHG) emission. According to

the report of the Food and Agriculture Organization of the United Nations, the livestock sector is

responsible for 18% of the GHG emissions, uses 30% of earth's terrain or 70% of the arable

lands, and 8% of the global freshwater. In addition, the world's demand for meat is expected to

double by 2050, meaning traditional meat production systems are not sustainable. Compared to

several meat sources, cultured meat is estimated to decrease 7-45% of energy use, 78-96% of the

GHG emissions, 99% of land use and 82-96% of water use.

[004] Intensive factory farming and poor animal welfare conditions are a cause for foodborne

illnesses such as swine and avian influenza, and the spreading of E.coli, Salmonella and

campylobacter which can be found in meat. Producing meat in a sterile controlled environment

could help improve food safety. In addition, 70% of all antibiotics used in the United States are

given to farm animals as a food additive which promote the selection of antimicrobial resistant

strains and increase the likelihood of multidrug resistant bacteria. Antibiotic overuse is the

primary cause for the emergence of antibiotic resistant bacteria, which in the U.S alone is
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responsible for an economic burden of $55b, 2 million infections, 250,000 hospitalizations and at

least 23,000 deaths per year. Bacteria with resistance to colistin, the last resort of antibiotics, has

recently emerged in Chinese pig farms.

[005] Current cultured meat technology focuses on satellite cell culture. Cells are being grown

in two-dimensional (2D) flasks or on micro carriers in suspension, isolated, differentiated and

harvested. However, tissues do not consist solely of cells; the extracellular matrix (ECM), which

is composed of macromolecules such as glycoproteins and oligosaccharides and gives the tissue

its biochemical and biomechanical properties, is a large portion of the tissue. The ECM regulates

cells behavior and affects their composition. Thus, ECM producing cells are essential for

cultured meat, and processes such as cell harvest must be avoided. Additionally, three-

dimensional (3D) cell culture mimics the natural cell environment and is crucial for correct cell

behavior which affects cell biochemical content.

SUMMARY OF THE INVENTION

[006] In some embodiments, the present invention is directed to edible compositions

comprising myotubes, and method for producing the edible compositions.

[007] The invention is based in part on the findings that a cell culture comprising a plurality of

cell types (e.g., satellite cells, ECM-secreting cells and endothelial cells), showed better survival,

proliferation and myotube formation, compared to controls, such as when grown on three-

dimensional porous scaffold.

[008] The invention is further based in part on the surprising findings that satellite cells, such as

non-human satellite cells, had better differentiation activity when co-cultured with low

endothelial cells (ECs) concentration rather than with high ECs concentration.

[009] According to one aspect, there is provided a method for producing an edible composition,

the method comprising the steps of: (a) incubating a three-dimensional porous scaffold and a

plurality of cell types comprising: (i) myoblasts or progenitor cells thereof; and at least one of:

(ii) at least one type of extracellular matrix (ECM)-secreting cell; or (iii) endothelial cells or

progenitor cells thereof, wherein the myoblasts or progenitor cells thereof and the endothelial

cells or progenitor cells thereof are incubated at a ratio ranging between 10:1 to 1:10; and (b)

inducing differentiation of myoblasts or progenitor cells thereof into myotubes, thereby

producing the edible composition.

[010] In some embodiments, the plurality of cell types comprises myoblasts or progenitor cells

thereof, at least one type of extracellular matrix (ECM)-secreting cell, and endothelial cells or

progenitor cells thereof.
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[011] In some embodiments, the ECM-secreting cell is selected from the group consisting of:

stromal cells, fibroblasts, pericytes, smooth muscle cells and progenitor cells thereof.

[012] In some embodiments, the plurality of cell types comprises myoblasts, ECM-secreting

cells and endothelial cells.

[013] In some embodiments, the progenitor cell of a myoblast is a satellite cell.

[014] In some embodiments, the endothelial cells are selected from skeletal microvascular

endothelial cells, aortic smooth muscle cells, or a combination thereof.

[015] In some embodiments, the plurality of cell types comprises satellite cells, ECM-secreting

cells, and endothelial cells.

[016] In some embodiments, the myoblasts or progenitor cells thereof and ECM-secreting cells

are incubated at a ratio ranging between 10:1 to 1:1.

[017] In some embodiments, the ECM-secreting cells and endothelial cells are incubated at a

ratio ranging between 1:10 to 1:1.

[018] In some embodiments, the satellite cells, the ECM-secreting cells, and the endothelial

cells are incubated at a ratio ranging between 10:1:1 to 2:1:10.

[019] In some embodiments, the ECM-secreting cell is a fibroblast, a progenitor cell thereof, or

a combination thereof.

[020] In some embodiments, the three-dimensional porous scaffold is selected from the group

consisting of: a textured protein, a non-textured protein, and a polysaccharide. In some

embodiments, the textured protein is a textured soy protein. In some embodiments, the three

dimensional porous scaffold comprises pores with anan average diameter ranging from 20 to 1,000

micrometers.

[021] In some embodiments, the plurality of cell types are non-human cells. In some

embodiments, the plurality of cells are derived from a livestock mammal.

[022] In some embodiments, the myoblasts or progenitor cells thereof and the three-

dimensional porous scaffold are incubated at a ratio ranging from 103 to 107 of the myoblasts or

progenitor cells thereof to 10 mg of the three-dimensional porous scaffold. In some

embodiments, the three-dimensional porous scaffold further comprises an extracellular matrix.

[023] According to another aspect, there is provided a composition comprising: (a) a three-

dimensional porous scaffold; (b) myotubes comprising 100,000-250,000 myotube nuclei per

mm³ of the three-dimensional porous scaffold; and (c) a plurality of cell types selected from the

group consisting of: (i) myoblasts or progenitor cells thereof; and at least one of: (ii) at least one
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type of ECM-secreting cells; or (iii) endothelial cells or progenitor cells thereof, wherein the

endothelial cells or progenitor cells thereof comprise less than 15% of the plurality of cells.

[024] In some embodiments, the composition is edible.

[025] Unless otherwise defined, all technical and/or scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which the invention

pertains. Although methods and materials similar or equivalent to those described herein can be

used in the practice or testing of embodiments of the invention, exemplary methods and/or

materials are described below. In case of conflict, the patent specification, including definitions,

will control. In addition, the materials, methods, and examples are illustrative only and are not

intended to be necessarily limiting.

[026] Further embodiments and the full scope of applicability of the present invention will

become apparent from the detailed description given hereinafter. However, it should be

understood that the detailed description and specific examples, while indicating preferred

embodiments of the invention, are given by way of illustration only, since various changes and

modifications within the spirit and scope of the invention will become apparent to those skilled

in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[027] Figs. 1A-1C are photographs showing commercial TSPs. (A) shows large, medium and

small chunks products of TSP. (B) and (C) show 2 other commercial TSP flake products,

annotated as TVP (left) and Arcon (right).

[028] Figs. 2A-2B are photographs showing TSP scaffold preparation (A), and cell containing

TSP scaffolds (B).

[029] Figs. 3A-3B are 100x magnification SEM images of big TSP (A) and medium TSP (B).

[030] Figs. 4A-4B are 2 x 105 magnification SEM images of big TSP (A) and medium TSP

(B).

[031] Figs. 5A-5C are confocal microscopy images of TSP scaffolds populated with fibroblasts

(red) and endothelial (green) cells on days 8 (A), 18 (B), and 21 (C) following seeding of

fibroblasts.

[032] Fig. 6 is confocal microscopy images taken 14 days following seeding of 200,000

fibroblast (red) onto three different samples of scaffolds (samples 1-3) obtained from different

sources denoted as Large, Medium, Small, and Medium from 90°, scaffolds denoted as Medium
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from 90° were cut from the pore side of the TSP in the scaffold preparation procedure TSP

scaffolds. Scale bar = 1 mm.

[033] Fig. 7 is a confocal microscopy image of myoblast cultured on a TSP scaffold for 14

days (Blue – DAPI, Green - Desmin).

[034] Fig. 8 is confocal microscopy images of bovine skeletal muscle cells cultured on a TSP

scaffold for 14 days (Blue - DAPI, Green - Phalloidin).

[035] Figs. 9A-9E are micrographs of bovine aorta smooth muscle cells (BAOSMC) (passage

8) seeded in different media. (A) Basal medium; (B) Commercial medium; (C) Fetal bovine

serum (15%) supplementation; (D) non-essential amino acids supplementation; and (E) Pyruvate

supplementation. Scale bar = 100 µm.

[036] Figs. 10A-10B are vertical bar graphs of the comparison of different media on bovine

aorta smooth muscle cells proliferation at passage 9 (A) and passage 10 (B) after 3 days of

culturing.

[037] Figs. 11A-11B are graph demonstrating growth kinetics of Bovine dermal fibroblasts

(BDF) (A) and Bovine aorta smooth muscle cells (BAOSMС; В).

[038] Figs. 12A-12L are images of fluorescently labeled bovine aortic endothelial cells

(BAEC) cells seeded in co-culture with supporting cells on day 2 (A, D, G and J), 6 (B, E, H

and K), and 8 (C, F, I and L). BAEC cells (green) were seeded with either bovine aortic smooth

muscle cells (SMC; A-F) or bovine dermal fibroblasts (BDF; G-L), both which are in red. A-C

and G-I are tile scans of 3 x3 in x5 magnification. D-F and J-L are x20 magnifications. Scale

bar = 100 µm.

[039] Figs. 13A-13L are images of fluorescently labeled bovine skeletal muscle microvascular

endothelial cells (BSkMVEC) cells seeded in co-culture with supporting cells on day 2 (A, D, G

and J), 6 (B, E, H and K), and 8 (C, F, I and L). BSKMVEC cells (green) were seeded with

either bovine aortic smooth muscle cells (SMC; A-F) or bovine dermal fibroblasts (BDF; G-L),

both which are in red. A-C and G-I are tile scans of 3 x3 in x5 magnification. D-F and J-L are

x20 magnifications. Scale bar = 100 µm.

[040] Figs. 14A-14F are images of fluorescently labeled cell co-cultures comprising BAEC and

SMC in different ratios. (A and D) 5:1 BAEC to SMC; (B and E) 1:1 BAEC to SMC. (C and F)

are higher magnification of B and E, respectively. A-C are image taken on day 2 and D-F were

taken on day 6. BAEC is in red; Scale bar = 100 µm.
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CLAIMS 
 

1. An edible composition comprising: 

a. an edible three-dimensional porous scaffold comprising vegetable protein; 

b. bovine myotubes comprising 10,000-250,000 myotube nuclei per mm3 of said 

three-dimensional porous scaffold; and 

c. a plurality of cell types comprising:  

(i) bovine satellite cells (BSC);  

(ii) bovine smooth muscle cells (SMC); and 

(iii) bovine skeletal muscle microvascular endothelial cells (SkMVE), cultured at a 

ratio of 2:1:1. 

2. The composition of claim 1, wherein the vegetable protein is selected from the group 

consisting of a textured protein and a non-textured protein. 

3. The composition of claim 2, wherein said textured protein is textured soy protein. 

4. The composition of any one of claims 1 to 3, wherein said three dimensional porous 

scaffold comprises pores with an average diameter ranging from 20 to 1,000 

micrometers. 

5. The composition of any one of claims 1 to 4, wherein said three-dimensional porous 

scaffold further comprises an extracellular matrix. 

 


