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METHODS AND COMPOSITIONS FOR CONSUMABLES 

BACKGROUND OF THE INVENTION 

[0001] Animal farming had a profound negative environmental impact. Currently it is estimated that 30% of Earth's land 

surface is dedicated to animal farming and that livestock account for 20% of total terrestrial animal biomass. Due to this 

massive scale animal farming accounts for more than 18% of net greenhouse gas emissions. Animal farming may be the 

largest human source of water pollution, and animal farming is by far the world's largest threat to biodiversity. If the worlds 

human population could shift from a meat containing diet to a vegetarian diet 26% of Earth's land surface would be freed for 

other uses. Furthermore the shift to a vegetarian diet would massively reduce water and energy consumption. 

[0002) The consumption of meat has a profound negative impact on human health. The heath benefits ofa vegetarian diet 

are well established. If the human population would shift to a vegetarian diet the cost savings in health care would be 

staggering. 

(0003] Hunger is a worldwide problem, yet the world's 4 major commodity crops (soybeans, maize, wheat, and rice) 

already supply more than 100% of the human population's requirements for calories and protein, including every essential 

amino acid. 

[0004] Plant based meat substitutes have largely failed to cause a shift to a vegetarian diet. Usually meat substitutes 

involve extrusion of soy/grain mixture. Texture too homogenous. Sold pre-cooked • taste/aroma built in (not a product of 

cooking). These meat substitutes fail to replicate the experience of eating meat. 

(0005] Thus, it is clear that there is a great need in the art for an improved method and system for reducing animal farming 

while avoiding the shortcomings and drawbacks of the previous meat substitutes. 

SUMMARY OF THE INVENTION 

INCORPORATION BY REFERENCE 

[0006] All publications and patent applications mentioned in this specification are herein incorporated by reference to the 

same extent as if each individual publication or patent application was specifically and individually indicated to be 

incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0007] The patent or application file contains at least one drawing executed in color. Copies of this patent or patent 

application publication with color drawing(s) will be provided by the Office upon request and payment of the necessary fee. 

[00081 The novel features of the invention are set forth with particularity in the appended claims. A better understanding of 

the features and advantages of the present invention will be obtained by reference to the following detailed description that 

sets forth illustrative embodiments, in which the principles of the invention are utilized, and the accompanying drawings of 

which: 

[0009) Figure 1 depicts a sliced open pea root nodule. 

(00101 Figure 2 depicts leghemoglobin isolated from I oz of pea roots. The red color commonly attributed to meat is 

evident in the color photo. 
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DETAILED DESCRIPTION OF THE INVENTION 

(0010] Methods and compositions for the production of consumables are described herein. The consumables can be for 

human or animal consumption. For example the consumable can be food fit for human consumption. The consumable can 

be approved by suitable regulatory authorities. The consumables can be sold in grocery stores or prepared in restaurants, 

similar to already existing human foods. The consumables could also be food for domestic animals. For instance, dog food 

could be produced according to the present inventions. The consumables may also be food for wild animals. For instance, 

the consumables could be provided to non-domesticated predatory animals. 

(0011] The consumables of the present invention compete with, supplement or replace animal based foods. For instance the 

consumables can be meat replicas made entirely from plant sources. The consumables can be made to mimic the cut or 

· appearance of meat as it is currently sold. For instance a consumable may be visually indistinguishable from ground beef or 

a particular cut of beef. Alternatively, the consumables can be made with a unique look or appearance. For instance the 

consumable could contain patterns or lettering that is based upon the structure of the consumable. In some instances the 

consumables look like traditional meat products after they are prepared. For example a consumable may be produced which 

is larger than a traditional cut of beef but which, after the consumable is sliced and cooked the product appears the same as a 

traditional cooked meet. 

[0012] The consumable may be made entirely from plant based sources. In some instances the consumable can be made 

from organic sources. The consumables may also be made from a combination of plant based sources and animal based 

sources. For instance, the consumable may be a ground beef product supplemented with plant based products of the 

invention. 

(0013] The consumables can be made from local products. For instance the consumables can be made from plants grown 

within a certain radius of the eventual consumer. That radius could be I, IO, 100, or 1000 miles for example. So, in some 

embodiments, the invention provides a method for producing a meat replica which does not contain products which have 

been shipped over I, 10, I 00, or I 000 miles prior to producing the meat replica. 

(0014] The present invention provides methods for producing consistent properties from the consumables when they are 

produced from various sources. So, for example, a plant based meat replica produced from local plants in Iowa, USA, will 

have substantially similar taste, odor, and texture as a plant based meat replica produced from local plants in Lorraine, 

France. This consistency allows for methods for advertising locally grown foods with consistent properties. 

[0015] The consumables require fewer resources to produce than animal farming. Accordingly, the present invention 

provides for meat replicates which require less water or energy to produce than meat. For example a consumable can require 

10, 50, I 00, 200, 300, 500, or 1000 gallons of water per pound of consumable. For comparison beef can require over 2000 

gallons of water per pound of meat. 

(0016) The consumable can also be shipped in components and produced or assembled at a different location. When 

available local components can be used for production of the consumable. These can be supplemented with components 

which are not locally available. This allows for methods of producing consumables, for instance meat replicates, using less 

energy in shipment than is required for meat. For example, local water can be used in combination with a kit which 

provides other components of the consumable. Using local water will reduce shipping weight thereby reducing cost and 

environmental impact. 
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[0017) The consumables can be produced or assembled wholly or in part in areas where animal farming is not practical or is 

not allowed. The consumable can be produced or assembled within an urban environment. For example a kit may be 

provided to a user to enable. the user to produce the-consumable. The user could use local water or use plants from a rooftop 

garden, for instance in Shanghai. In another example, the consumables could be produced aboard a space ·craft, space 

statioQ, or lunar base. Accordingly, the present invention provides methods and systems for the production of meat replicas 

for use in space travel or for training for the same. For instance the present invention could be used in earth based training 

· for space travel. The consumables could also be produced ori an island or upon a manmade platform at sea where the keeping 

of livestock is difficult or prohibited. 

(0018) The consumables are, in some embodiments, designed to replicate the experience of eating meat. The look, texture, 

and taste of the consumable can be such that it is similar or indistinguishable from meat. The invention therefore provides in 

certain embodiments methods for determining whether a animal or human can distinguish the consumable from meat. 

[0019) One method to determine whether the consumable is comparable to meat is to a) define the properties of meat and b) 

determine whether the consumable has similar properties. Properties of meat that can be tested include mechanical properties 

such as hardness, cohesiveness, brittleness, chewiness, gumminess, viscosity, elasticity, and adhesiveness. Properties of meat 

that can be tested also include geometric properties such as particle size and shape, and particle shape and orientation. 

Additional properties can include moisture content and fat content. These properties can be described using terms such as 

"soft," "firm" or "hard" describe hardness; "crumbly," "crunchy," "brittle," "chewy," "tender," "tough," "short," "mealy," 

"pasty," or "gummy," to describe cohesiveness; "thin" or "viscous" to describe viscosity; "plastic" or "elastic" to describe 

elasticity; "sticky," "tacky" or "gooey" to describe adhesiveness; "gritty," "grainy" or "course" to describe particle shape and 

size; "fibrous," "cellular" or "crystalline" to describe particle shape and orientation, "dry," "moist," "wet," or "watery" to 

describe moisture content; or "oily" or "greasy" to describe fat content. So, in one embodiment a group of people can be 

asked to rate a certain meat, for instance ground beef, according to properties which describe the meat. These ratings can be 

used as an indication of the properties of the meat. The consumables of the present invention can then be compared to the 

meat to determine how similar the consumable is to the meat. In some instances the properties of the consumables are then 

altered to make the consumable more similar to the meat. So, in some embodiments, the consumable is rated similar to meat 

according to human evaluation. In some embodiments the consumable is indistinguishable from real meat to a human. 

[0020) In some embodiments the consumable is compared to meat using fMRI. For example, the experience of eating 

meat is measured using fMRI. A map ofregipns of the brain associated with eating meat is created. The brain map can be 

refined by giving the person other types of foods and determining meat fMRI patterns. Additionally the person can be given 

pleasurable and distasteful foods to further refine the map. fMRI literature can be used to further refine the map. Once the 

experience of eating meat is defined statistically, meat replicas can be tested to determine how similar the meat replica is to 

meat. This process can be used to test. various versions of the consumables to best approximate the experience of eating 

meat. In some embodiments the consumable is a meat replica that, when consumed, causes an fMRI pattern similar to the 

pattern found when the person consumes meat. 

[0021) In some embodiments the consumable is compared to real meat based upon olfactometer readings. In various 

embodiments the olfactometer can be used to assess odor concentration and odor thresholds, odor suprathresholds with 

comparison to a reference gas, hedonic scale scores to determine the degree of appreciation, or relative intensity of odors. In 
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some embodiments the olfactometer allows the training and automatic evaluation of expert panels. So in some embodiments 

the consumable is a product that causes similar olfactometer readings. 

(0022) Gas chromatography-mass spectrometry (GCMS) is a method that combines the features of gas-liquid 

chromatography and mass spectrometry to separate and identify different substances within a test sample. GCMS can, in 

some embodiments, be used to evaluate the properties of a consumable. For example volatile chemicals can be isolated from 

the head space around meat. These chemicals can be identified using GCMS. A profile of.the volatile chemicals in the 

headspace around meat is thereby created. In some instances each peak of the GCMS can be further evaluat~d. For instance, 

a human could rate the experience of smelling the chemical responsible for a certain peak. This information could be used to 

further refine the profile. GCMS could then be used to evaluate the properties of the consumable. The GCMS could be used 

to refine the consumable. In some embodiments the consumable has a GCMS profile similar or identical to that of meat. 

[0023) Characteristic flavor and fragrance components are mostly produced during the cooking process by chemical 

reactions molecules including amino acids, fats and sugars which are found in plants as well as meat. Therefore in some 

embodiments the consumable is tested for similarity to meat during or after cooking. In some embodiments human ratings, 

tMRI, olfactometer readings, or GCMS measurements, or combinations thereof, are used to create an olfactory map of 

cooked meat. Similarly, an olfactory map of the consumable, for instance a meat replica, can be created. These maps can be 

compared to assess how similar the cooked consumable it so meat. In some embodiments the olfactory map of the 

consumable during or after cooking is similar to or indistinguishable from cooked or cooking meat. 

[0024) The consumable is, in some embodiments, a meat replica principally or entirely composed of ingredients derived 

from non-animal sources, including a muscle tissue replica, an adipose tissue replica and and/or a connective tissue replica, 

where these elements are combined in a manner that approximates the physical organization of meat. The meat can be white 

meat or dark meat. The meat can be from an animal, for example from farmed animals such as cattle, sheep, pigs, chickens, 

or turkey. Meat is typically from skeletal muscle of an animal but it is understood that meat can also come from other 

muscles or organs of the animal. For instance, in some embodiments the consumable is a meat replica that simulates a 

kidney. Meat can also come from fish or other seafood. For example, in some embodiments, the consumable is a meat 

replica that simulates crab, lobster, oysters, fish, or scallops. 

[0025) In some embodiments the consuma.ble is a meat replica principally or entirely composed of ingredients derived from 

non-animal sources, including a muscle tissue replica, an adipose tissue replica and and/or a connective tissue replica, where 

these elements are combined in a manner that approximates the physical organization of natural ground meat. Alternatively, 

the consumable can be a meat product which is supplemented with non-animal sources. For example, in some embodiments 

ground beef can be supplemented with ingredients derived from non-animal sources, for instance a muscle tissue replica, an 

adipose tissue r~plica, and and/or a connective tissue replica. This supplementing can result in a product with properties 

similar to ground beef but which costs less and has a smaller environmental impact. In another example, in some 

embodiments meat from game animals such as venison or elk is supplemented with ingredients derived from non-animal 

sources to improve upon the properties of the meat. For example an adipose tissue replica can be added to improve the 

qualities of the cooked game. 

(0026) The physical organizatio1,1 of the consumable may be manipulated by controlling the localization, organization, 

assembly, or orientation of different components of the consumable. In some embodiments the consumable is designed so 

the components are associated with one another as in meat. In some embodiments the consumable is designed so that after 

4431010_1.DOCX WSGR Docket No. 41751-701.101 

EX1173 



cooking the components of the consumable are associated with one another as in cooked meat. In some embodiments a 

soft, elastic gel made from plant or microbial proteins and/or carbohydrates containing droplets of fat suspended in the 

proteinaceous gel is used to approximate the organization adipose tissue in meat. In some embodiments some or all of the 

components of the consumable are suspended in a gel. In various embodiments the gel can be a hydrogel, an organogel, or a 

a xerogel, The gel can be made thick using an agent based on polysaccharides or proteins. For example fecula, arrowroot, 

cornstarch, katakuri starch, potato starch, sago, tapioca, alginin, guar gum, locust bean gum, xanthan gum, collagen, egg 

whites, furcellaran, gelatin, agar, carrageenan, or proteins derived from legumes, grains, nuts, other seeds, leaves, algae, 

bacteria, of fungi can be used alone or in combination to form an architecture or structure for the consumable. Enzymes that 

catalyze reactions leading to covalent crosslinks between proteins can also be used alone or in combination to form an 

architecture or structure for the consumable. For example transclutaminase, lysyl oxidases, or other amine oxidases (e.g. 

Pichia pastoris lysyl oxidase (PPLO)) can be used alone or in combination to form an architecture or structure for the 

consumable. In some embodiments multiple gels with different components are combined to form the c_onsumable. For 

example a gel containing a plant-based protein can be associated with a gel containing a plant-based fat. In some 

embodiments fibers or stings of proteins are oriented parallel to one another and then held in place by the application of a gel 

containing plant based fats. 

[0027) The percentage of different components may also be controlled. For example plant-based substitutes for muscle, fat 

tissue, connective tissue, and blood components can be combined in different ratios and physical organizations to best 

approximate the look and feel of meat. The various can also components can be arranged to insure consistency between bites 

of the consumable. The components can be arranged to insure that no waste is generated from the consumable. For example, 

while a traditional cut of meat may have portions that are not typically eaten, a meat replicate can improve upon meat by not 

including these inedible portions. Such an improvement allows for all of the product made or shipped to be consumed, 

which cuts down on waste and shipping costs. Alternatively, a meat replica may include inedible portions to mimic the 

experience of meat consumption. Such portions can include bone, cartilage, connective tissue, or other materials commonly 

referred to as gristle, or materials included simulating these components. In some embodiments the consumable may contain 

simulated inedible portions of meat products which are designed to serve secondary functions. For example a simulated bone 

can be designed to disperse he_at during cooking, making the cooking of the consumable faster or more uniform than meat. In 

other embodiments a simulated bone may also serve to keep the consumable at a constant temperature during shipping. 

(0028) In some embodiments the consumable contains components to replicate the components of meat. The main 

component of meat is typically skeletal muscle. Skeletal muscle typically consists of roughly 75 percent water, 19 percent 

protein, 2.5 percent intramuscular fat, 1.2 percent carbohydrates and 2.3 percent other soluble non-protein substances. These 

include nitrogenous compounds, such as amino acids, and inorganic substances such as minerals. Accordingly, some 

embodiments of the present invention provide for replicating approximations of this composition for the consumable. For 

example, in some embodiments the consumable is a plant-based meat replica can comprise roughly 75% water, 19% protein, 

2.5% fat, 1.2% carbohydrates; and 2.3 percent other soluble non-protein substances. In some embodiments the consumable is 

a plant-based meat replica comprises between 60-90% water, 10-30% protein, 1-20% fat, 0.1-5% carbohydrates; and 1-10 

percent other soluble non-protein substances. Some meat also contains myoglobin which accounts for most of the red color 

and iron content of some meat. It is understood that these percentages can vary in meat and the meat replicas can be 

produced to approximate the natural variation in meat. Additionally, in some instances, the present invention provides for 
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improved meat replicas, which comprise these components in typically unnatural percentages. For example a meat replica 

.can be produced with a higher than typical average fat content. The percentages of these components may also be altered to 

increase other desirable properties. 

(0029) In some instances a meat replica is designed so that, when cooked, the percentages of components are similar to· 

cooked meat. So, in some embodiments, the uncooked consumable has different percentages of components than uncooked 

meat, but when cooked the consumable is similar to cooked meat. For example, a meat replica may be made with a higher 

than typical water content for raw meat, but when cooked in a microwave the resulting product has percentages of 

components similar to meat cooked over a fire. 

[0030) In some embodiments the consumable is a meat replica with a lower that typical water content for meat. In some 

embodiments the inventions provides for methods for hydrating a meat replica to cause the meat replica to have a content 

similar to meat. For example a meat replica with a water content that would be low for meat, for example I%, l 0%, 20%, 

30%, 40% or 50% water, is hydrated to roughly 75% water. Once hydrated, in some embodiments, the meat replica is then 

cooked for human consumption. 

[0031] The consumable can have a protein component. In some embodiments the protein content of the consumable is 

10%, 20%, 30%, or 40%. In some embodiments the protein content of the consumable is similar to meat. In some 

embodiments the protein content in the consumable is greater than that of meat. In some embodiments the consumable has 

less protein than meat. 

[0032) The protein in the consumable can come from a variety or combination of sources. Non-animal sources can provide 

some or all of the protein in the consumable. Non-animal sources can include vegetables, fruits, nuts, grains, algae, bacteria, 

or fungi. The protein can be isolated or concentrated from one or more of these sources. In some embodiments the 

consumable is a meat replica comprising protein only obtained from non-animal sources. 

[0033] In some embodiments protein is formed into asymmetric fibers for incorporation into the consumable. In some 

embodiments these fibers replicate muscle fibers. In some embodiments the protein are spun fibers. Accordingly, the present 

invention provides for methods for producing asymmetric or spun protein fibers. 

(0034) In some embodiments the consumable contains a protein or proteins that have all of the essential amino acids. In 

some embodiments the proteins added to the consumable are supplemented with amino acids. 

[0035] Fat is important for the expedence of eating cooked meat. Accordingly, in some embodiments the consumable has a 

fat component. In some embodiments the fat content of the consumable is 1%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 

45%, 50%, 55%, or 60% fat. In some embodiments the consumable is a meat replica principally or entirely composed of 

ingredients derived from non-animal sources, with a replica of animal fat consisting of a soft, elastic gel made from plant or 

microbial proteins (and/or carbohydrates), containing droplets of fat suspended in the proteinaceous gel. 

(0036) Fat used is some embodiments of the present invention can be from a variety of sources. For example fats used in 

the consumable may be derived from coconuts, palm oil, palm kernel oil, cocoa, sunflowers, com, rapeseed, soy beans, 

peanuts, tree nuts, algae, olives, cotton, or flax. I_n some embodiment the fat is derived from pulp or seed oil. Yeast or 

molds may also be sources of fat for certain embodiments of the invention. For instance, in one embodiments the 

consumable is a meat replica comprising triglycerides derived from Mortierel/a isabellina. 
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(0037) In some embodiments plant oils are modified to resemble animal fats. The plant oils can be modified to taste and 

smell most similar to meat when cooking. Accordingly, some aspects of the invention involve methods for testing the 

qualitative similarity between the cooking properties of animal fat and the cooking properties of plant oils in the consumable. 

(0038) In some embodiments.a variety of plant lipids are combined to approximate the properties of animal fat. In some 

embodiments the lipids that are not used in making the consumable are us~d for other applications, for example applications 

in cosmetics, lubricants, waxes, polymers, surfactants, water repellents, or biofuels. Accordingly the present invention 

provides for a methods for saving and recycling plant lipids which are byproducts of the production of the consumable. 

(0039] The fat can be suspended in a gel. In some embodiments the present invention provides for methods for producing 

droplets of fat suspended in the proteinaceous gel. The fat can isolated and homogenized. For example an _organic solvent 

mixture can be used to help mix a lipid. The solvent can then be removed. At this point the lipid can be frozen, lyophilized, 

or stored. So in some aspects the invention provides for a method for isolating and storing a lipid which has been selected to 

have characteristics similar to animal fat. The lipid film or cake can then be hydrated. The hydration can utilize agitation or 

temperature changes. The hydration can occur in a precursor solution to a gel. After hydration the lipid suspension can be 

sonicated or extruded to further alter the properties of the lipid in the solution. At this point, in some embodiments other 

components of the consumable are added to the solution followed by a gelling agent. In some embodiments crosslinking 

agents (e.g. transglutaminase or lysyl oxidase) are <!,dded to bind the components of the consumable. In other embodiments 

the gelling agent is added and the lipid/gel suspension is later combined with additional components of the consumable. 

(0040] Odorants released during cooking are generated by reactions between fats and protein & carbohydrates. In some 

embodiments the odorants that combine during the cooking of meat are identified and located near one another in the 

consumable, such that upon cooking of the consumable the odorants combine. So, in some embodiments, the characteristic 

flavor and fragrance components are mostly produced during the cooking process by chemical reactions of amino acids, fats 

and sugars found in plants as well as meat. 

(0041] The color of meat is an important part the experience of eating meat. The main determinant of the nutritional 

definition of the color of meat is the concentration of myoglobin. It is estimated that the white meat of <;hicken has under 

0.05%; pork and veal have 0.1-0.3%; young beef has 0.4-1.0%; and old beef has 1.5-2.0%. So, in some embodiments, the 

consumable is a meat replica which comprises myoglobin. In some embodiments the consumable is a plant based meat 

replica that has animal myoglobin added. So, for example a replica of young beef can have about 0.4-1 % myoglobin. 

(0042) · Hemoglobin is the iron-containing oxygen-binding protein in the red blood cells of vertebrates. Hemoglobin is 

similar in color to myoglobin. In some embodiments the invention provides a method of saving and recycling blood from 

animal farming to supplement the color of a consumable. For example blood is saved from a slaughter house, hemoglobin 

from the blood is used to enhance the color of a consumable. In some aspects the consumable is a plant-based meat replica 

containing hemoglobin. 

(0043] Additional iron containing proteins exist in nature. In some embodiments the consumable comprises an iron 

containing protein that is not myoglobin. In some embodiments the consumable does not contain myoglobin. In some 

embodiments the consumable does not contain hemoglobin. In some embodiments the consumable is a meat replica that 

comprises an iron containing protein other than myoglobin or hemoglobin. 

(0044] Examples of iron containing proteins include hemerythrin and leghemoglobin. In various embodiments these iron 

containing proteins are added to the consumable to alter the visual characteristics or iron content of the consumable. In some 
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embodiments oxygen binding proteins (e.g. hemocyanin, hemerythrin, chlorocruorin, vanabins, erythrocruorin, pinnaglobin, 

and leghemoglobin) are added to the consumable. In some embodiments the consumable comprises a hemoprotein (e.g. 

hemoglobin, myoglobin, neuroglobin, cytoglobin, leghemoglobin). 

[0045) Leghemoglobin, similar in structure and physical properties to myoglobin, is readily available as an unused by­

product of commodity legume crops ( eg., soybean, pea). The leghemoglobin in the roots of these crops in the US exceeds the 

. myoglobin content of all the red meat consumed in the US. In some embodiments the consumable is a meat replica 

principally or entirely composed of ingredients derived from non-animal sources, including· a muscle tissue replica, an . 

adipose tissue replica, a connective tissue replica, and leghemoglobin. In some embodiments the consumable is a meat 

replica principally or entirely composed of ingredients derived from non-animal sources, containing a heme protein. In some 

embodiments the consumable is a meat replica principally or entirely composed of ingredients derived from non-animal 

sources, containing a leghemoglobin. In some embodiments the consumable is a meat replica principally or entirely 

composed of ingredients derived from non-animal sources, containing a member of the globin protein family. In some 

embodiments the consumable is a meat replica principally or entirely composed of ingredients derived from non-animal 

sources, with.a high iron content from a heme protein. In some embodiments. the iron content is similar to meat. In some 

embodiments the consumable has the distinctive red color of meat, such color provided by leghemoglobin. 

(0046] Leghemoglobin is, in some embodiments, used as an indicator that the consumable is finished cooking. So, one 

embodiment of the invention is a method for cooking a consumable comprising detecting leghemoglobin which has migrated 

from the interior of the consumable to the surface when the product is cooked. Another embodiment of the invention is a 

method for cooking a consumable comprising detecting the change in color of from red to brown when the product is cooked. 

(0047) In some embodiments leghemoglobin is added to meat to enhance the properties of meat. For example, a 

leghemglobin containing solution can be injected into raw or cooked meat. In another example a leghemoglobin solution is 

dripped over meat or a consumable of the invention to enhance appearance. In one embodiment advertising, photography, or 

videography of food products such as meat or a meat substitute is enhanced with leghemoglobin. 

(0048) In some embodiments the present invention provides methods for obtaining Ieghemoglobin from plants. 

Leghemoglobin can be obtained from a variety of plants. For example leghemoglobin can be isolated from the roots nodules 

of legumes such as soy beans. The root nodule is obtained and homogenized in an aqueous solution , soluble protein 

includeing leghemoglobin are removed after insoluble matter is removed by precipitation or filtration. Leghemoglobin can 

be purified by selective precipitation and/or chromatography and/or the use of molecules with specific affinity for 

leghemoglobin . 

(0049] Heme proteins, for example leghemoglobin, can be combined with other plant based meat replica components. In 

some embodiments the heme proteins are captured in a gel which contains other components, for example lipids and or 

proteins. In some aspects a multiple gels are combined with non-gel based heme proteins. In some embodiments the 

combination of the heme proteins and the other compounds of the consumable are done to insure that the heme proteins are 

able to diffuse through the consumable. In some embodiments the consumable is soaked in a heme containing solution, for 

instance a leghemoglobin solution, until the consumable is saturated. In some embodiments the consumable is soaked in a 

heme protein containing solution, for instance a leghemoglobin solution for 1, 5, IO, 15, 20 or 30 hours. In some 

embodiments the consumable is soaked in a heme containing solution, for instance a leghemoglobin solution for l, 5, IO, 15, 
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30, or 45 minutes. In some embodiments the consumable is injected with a heme containing solution, for instance a 

leghemoglobin solution, until the consumable is the color of uncooked meat. 

(0050) A meat replica principally or entirely composed of ingredients derived from non-animal sources, containing a heme 

protein, a muscle tissue replica, an adipose tissue replica and and/or a connective tissue replica, wherein the heme protein is 

within the muscle tissue replica. 

(0051] The release of odorants upon cooking is an important aspect of meat consumption. In some embodiments the 

consumable is a meat replica principally or entirely composed of ingredients derived from non-animal sources, with an 

odorant that is released upon cooking. In some embodiments the consumable is a meat replica principally or entirely 

composed of ingredients derived from non-animal sources, containing mixtures of proteins, peptides, amino acids, 

nucleotides, sugars and polysaccharides and fats in combinations and spatial arrangements that enable these compounds to 

undergo chemical reactions during cooking to produce odorants and flavor-producing compounds. In some embodiments 

the consumable is a meat replica principally or entirely composed of ingredients derived from non-animal sources, with a 

volatile or labile odorant that is released upon cooking. In some embodiments the consumable is a method for preparing a 

meat replica where meat replicas principally or entirely composed of ingredients derived from non-animal sources are heated 

to release a volatile or labile odorant. 

(0052) Given the usefulness of heme proteins for coloring consumables it will be useful to detect whether a product 

contains a particular heme protein. Accordingly the present invention includes in some embodiments methods to determine 

whether a product contains a heme protein. Methods for detecting proteins are well known in the art. For example an ELISA 

or proximity-ligation assoacy or luninex assay or western blot analysis can be performed to determine whether 

leghemoglobin is present in a food product such as meat or a meat replica. In one embodiment the detection methods are 

performed to. determine whether meat has been altered with leghemoglobin. 
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Figure 1. 

Figure 2. 
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